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ANNIVERSARY VOLUME 






A NOTE BY THE COMMITTEE ON THE GEORGE R MINOT 
ANNIVERSARY VOLUME 

Following a testimonial dinner on the occasion of the sixtieth birthday of Dr 
George R Minot in 1945 a group of his colleagues conceived the idea of the prep- 
aration of an Anniversary Volume of manuscripts to be published in honor of 
Doctor Minot by his colleagues, co-workers, and former associates 

A Committee was formed composed of W B Castle, Boston, W Dameshek, 
Boston (Chairman), R L Haden, Cleveland, E B Krumbhaar, Philadelphia, E 
Meulengracht, Copenhagen, Denmark, O H Pepper, Philadelphia, R M Suarez 
Puerto Rico, F H L Taylor, Boston (Secretary), G H Whipple, Rochester, 
N Y , L J Witts, Oxford, England Invitations to contribute articles were ex- 
tended to a world-wide group of active workers in the field of the blood, and to 
others who had in the past been closely associated with Dr Minot 

It appeared eminently desirable that the Anniversary Volume should have full 
publication in the literature and the Publishers and Editorial Board of BLOOD, the 
Journal of Hematology, graciously opened their pages for the receipt of these manu- 
scripts 

The publication of the Anniversary Volume has been made possible by generous 
gifts from the Lcderle Laboratories, Inc , of Pearl River, N Y , and Mr J K 
Lilly of Ell Lilly and Company, Indianapolis, Indiana We especially wish to 
thank Mr Henry M Stratton, our publisher, for his active interest and guidance 
and for volunteering to underwrite personally the production of the senes of 
articles and of the bound volumes to follow Our thanks arc also due to Dr Hcnr} 

] Tagnon of the Memorial Hospital, New York, for his aid in the translation of 
manuscripts 

The members of the ‘ George R Minot Anniversary Volume Committee deem 
It a distinct pleasure and a great honor to dedicate these articles b} his colleagues 
and friends to Dr George Richards Minot 
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A NOTE BY THE EDITORS OF “BLOOD” 

The publication of the eighty odd articles in honor of Dr George R Minot will 
take place in regular issues of Blood beginning with the January, 1948 issue, and 
continuing — probably in alternate issues — throughout 1948 As far as possible, 
the various articles will be classified and published in groups of related subjects 
For example, the first issue deals primarily with pernicious anemia, and the second 
will deal with miscellaneous problems in anemia 

The Editors have taken the liberty of making notations and minor changes in 
certain manuscripts, always for the sake of greater clarity Editorial footnotes arc 
suitably marked, such notes represent the opinions of the Editors and not neces- 
sarily those of the authors of the papers We apologize in advance for any errors 
that might have crept in, they arc unintentional 

William Dameshek, 

For the Editors of Blood 
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FOREWORD 


This IS a foreword to the series of articles written by his friends and his co- 
workers to celebrate the achievements of George Richards Minot It is a good thing 
thus to give recognition to high scientific accomplishment, it warms the heart of 
both the donor and the recipient of the recognition, and it reminds other workers 
that creative thinking is regarded as worthy of praise 
The history and the specific contributions of George Minot are recorded in the 
bibliography and curriculum vitae which appear on the following pages Perhaps 
It is pertinent to inquire what qualities may be associated with this kind of ac- 
complishment 

First of all, George Minot is George Minot, and no one in the world is quite 
like him Of course, like almost everyone to whom a “Festschrift” is dedicated, 
he has been industrious and persistent He had been surrounded by tradition all 
his life, and in some ways his reactions and his thinkmg are highly traditional, 
but this habit of mind is combined in an extraordinary linkage with an insatiable 
curiosity and an avidity for understanding that has driven his mind into new and 
startling regions of thought That curiosity is a major motive for George Minot 
IS attested by his own writings “To solve human problems, an active creative 
imagination and scientific curiosity are necessary tools 
Iqdeed, the direct desire to explain something otherwise inexplicable may be 
said to be one of the best motives for research Its validity in the case of George 
Minot IS shown not only by his own classic discovery of the effectiveness of an 
adequate dosage of liver in pernicious anaemia, but by his capacity to stimulate 
cutiosity in others, and to gather around himself young men who have curiosity 
similar to his The articles to which this note is a foreword make up an adequate 
example of this side of his character 

To the desire to learn and the desire to encourage curiosity on the part of his 
students IS to be added a great desire to be useful to the sick If George Minot is 
to be judged by his motives — a zeal for knowledge, an enthusiasm for teaching, and 
a humane urge to alleviate suffering and disability — these motives make up a 
list that lesser personalities may envy 

C Sidney Burwell, Dean 
Harvard Medical School 
Boston, Massachusetts 
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TREATMENT OF PERNICIOUS ANEMIA BY A SPECIAL DIET* 

By George R Minot, M D , and William P Murphy, M D 

T his paper concerns the treatment in a senes of forty-five cases of pernicious 
anemia in ivhich the patients were given a special form of diet While the prob- 
lem of diet in the treatment of pernicious anemia is by no means new, in our opimon 
Its possible importance has not heretofore been generally recognized In 1863, seven 
years after the publication of Addison ‘s second, but best known, descripuon of the 
disease now called permcious anemia, Habershon^ wrote concerning this condition 
“Many patients at an early stage completely recover under the influence of bracing 
air and a nutrient and stimulating diet “ Other early investigators of the disease, 
as Biermer=“ in iSyz, and Pepper,^ in 1875, appreciated the desirability of prescrib- 
ing easily digested foods as a form of medication, but no greater emphasis was 
placed on the value of diet Osier, however, in 1885, mentioned that “cases [of 
pernicious anemia] appear to have got well with change of air and a better diet 
after resisting all ordinary means 

During the last half century, many climcians, following the suggestions of the 
pioneer writers on the subject of pernicious anemia, have advised various kinds of 
diet as an aid to induce a remission of the disease More often than not, the recom- 
mendations have been of a general sort as might be given for many persons with an 
impaired condition of the gastro-mtcstinal tract, which always is present in per- 
maous anemia Thus, food for the perniaous anemia pauent often has been selected 
because it appeared to be easily digested or because it seemed particularly nutritious 
and strength-giving Rarely, diets have been chosen for some assumed direct effect 
on the blood 

The constant presence of achylia gastnea in pernicious anemia and the frequency 
of an abnormal bacterial activity within the intestines have been two main reasons 
for establishing certain forms of dietotherapy in the disease On these accounts, 
Fenwick,® in 1880, and Naegeli,® among others, recommended diets relatively 
sparing in farinaceous foods and relatively rich in protein For similar reasons, yet 
in contrast to the majority. Hunter,’ in 1850, and others have advised quite the 
opposite type of diet Grawitz® recommended a diet composed chiefly of fresh vege- 
tables, followed by one with generous amounts of protein The idea that forced 
feeding with any sort of food, but especially meats, is valuable to make weak and 
feeble individuals healthy and strong has caused the frequent use of this form of 

From the Medical Clinic of the Peter Bent Brigham Hospital, and the Medical Service of the Collis 
P Huntington Memorial Hospital of Harvard University 

This study was aided by a grant from the Proctor Fund of the Harvard Medical School for the Study 
of Chronic Disease 

* This paper, representing the outstanding contribution of Dr Mmot and Dr Murphy which won 
them the Nobel Prize, is reprinted in full from The Journal of the American Medical Association, 
Aug 14, 1916, Vol 87, pp 470-476, by permission of the publishers Copyright 1916, American 
Medical Association 
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therapy in pernicious anemia, and Mosenthal® has shown that it can restore in 
these cases a positive nitrogen balance 

Meats and green vegetables, partly because of their iron content, have for a long 
time been thought to be useful to improve ‘an anemic state of the blood ’ Meat 
apparently has been chosen at times simply because it contained blood, which was 
supposed to be beneficial as food for persons who had an insufficient blood supply 
The scientific foundations of the value of iron-containing foods to affect the blood- 
forming organs were laid by Mcnghim^® in 1746, when he showed that iron could 
be increased in the blood by feeding such foods to animals About loo years later, 
Gibson and Howard^^ made important observations on the effect of a high iron 
content of the diet in anemia, and showed that in pernicious anemia it can have a 
most favorable influence on iron metabolism They also showed that, in cases con- 
stantly losing nitrogen, a positive nitrogen balance could be obtained without 
forced feeding 

One thus finds that the diet usually advised for the permcious anemia patient is 
one contaimng a relatively high mtrogcn-content and often a relatively large 
number of calories The recommendations of Smith^® and of Barker and Sprunt^® 
are of this sort and, like some others, the latter wisely recommend that the food be 
selected with a view to giving an ordinary, well balanced diet to replace a quanti- 
tatively deficient and qualitatively ill balanced one, on which these patients are 
apt to have placed themselves during their illness 

In spite of attention to diet for the anemic patient, the influence of food on blood 
formation and destruction has received comparatively little consideration, and 
special sorts of food, because of some particular effect, have seldom been chosen 
for patients with permcious anemia 

Gimplete starvation in man is not considered to cause anemia, but may do so in 
animals However, it is known that improper food can cause, and suitable food 
alleviate, anemia, for example, the iron starvation anemia” arising in infants who 
have partaken too long of only a milk diet, and who can be cured by food particu- 
larly contaimng complete proteins and iron Incomplete diets, particularly those 
low in protein and relatively rich in concentrated carbohydrate food, can lead to 
anemia, and even Shakespeare^® recogmzed that improper food might impair the 
state of the blood Likewise, patients with conditions due to, or associated with, 
vitamin deficiency experience anemja, and Jcncks^® has noticed that an abundance 
of vitamins favors blood regeneration Certain foods, including liver, may benefit 
patients with sprue This disease is considered by some partly dependent on a faulty 
diet, and resembles in numerous ways pernicious anemia, including the fact that 
the blood picture in the two diseases may be quite similar Carnivorous animals 
and thin persons tend to have a greater percentage of hemoglobin in their blood 
than herbivorous animals and fat persons This further suggests, as do the obser- 
vations of Morawitz and Kuhl^® on man, the favorable role that animal protein 
food may play in blood formation, although dehydration may account for the 
differences observed 

Some of the earlier experimental work concerning the effect of food on blood 
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regeneration is reviewed by Pearce, Krumbhaar and Frazier Adequate proteins 
as well as iron are necessary for the formation of hemoglobin Certain proteins will 
not suffice, such as gliadin However, the amino-acid tryptophane may have a 
special ability to enhance blood formation The most important recent work con- 
cerning the effect of food on blood regeneration has been done by Whipple and 
Robscheit-Robbins and their associates Their carefully controlled work on dogs 
has demonstrated clearly the value of certain foods, especially liver, on accelerat- 
ing blood regeneration following acute hemorrhage and the value of iron added to 
the diet to decrease the anemia due to chronic blood loss 

McCollum^^ has pointed out that liver and kidneys give an exceptionally high 
quality protein for a low protein intake and can enhance remarkably the growth 
of animals These foods are rich in nucleins, and Calkins, Bullock and Rohdenburg^'* 
have shown that the products of nuclein hydrolysis can stimulate growth Whip- 
ple^® has suggested that in pernicious anemia there may be a scarcity of the material 
from which the stroma of the red blood cells arc formed, or that a disease of the 
stroma-forming cells of the marrow exists Thus, theoretically perhaps liver and 
other foods rich in complete proteins may enhance the formation of red blood cells 
in this disease, especially by supplying material to build their stroma 

Fresh red marrow was first used as a means of treatment for pernicious anemia 
by Fraser^® in 1854 He reported beneficial results when a patient ate for some time 
about IQO Gm a day It was then and has since been given apparently on the suppo- 
sition of some hormone effect Thus, numerous reports have appeared concerning 
the use of preparations of small amounts of concentrated bone marrow, but without 
definite evidence of advantage to the pernicious anemia patient Reports regarding 
the effect of eating generously of fresh marrow are few and brief, bur suggest that 
It may be beneficial The nutritional composition of red bone marrow is similar 
to that of liver and kidneys If generous amounts of red marrow and liver can im- 
prove the state of the blood in pernicious anemia, may their influence not be due 
to the same, but unknown, cause? 

Various investigators have commented on the blood-destroying properties of 
certain substances derived from fats, and the r 61 e they may play in permcious 
anemia Stoeltzner^^ recently has reviewed the subject Also, lipoids have been 
shown by Baker and CarreP® to be a factor in serum that can inhibit growth Thus, 
founded on somewhat theoretical grounds, it seemed to us, as it did to Stocltzner^'^ 
and to Gibson and Howard, “ that decreasing the amount of fat in the diet of the 
pernicious anemia patient night have a favorable effect on the state of his blood 
Excess of fat in a diet is considered by some to favor putrefaction within the intes- 
tine, a condition frequent in permcious anemia Hence one might attribute any 
benefit derived from a low fat content of the diet to alterations in the bacterial 
flora rather than to some more direct effect on blood formation or destruction 

A further hypothetic reason for decreasing the fat in the diet is that we have 
noted It IS not uncommon for these patients to have consumed throughout life 
unusually large amounts of food rich in fats Patients with permcious anemia also 
may give a history of partaking for years of some other type of one-sided diet It 
IS common for them to do so after the definite onset of their illness, when it is not 
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unusual to find that they have a disgust for meat Pernicious anemia is rare in 
certain parts of the world where diets are quite different (containing fewer dairy 
products, less free sugar and muscle meat) from those of the northern parts of 
Europe and America, in which areas the disease is relatively common These 
different facts permit one to speculate on the possible partial r 61 e that some nutri- 
tional excess or deficiency may play in the etiology of the disease Similar thoughts 
have occurred to others, including the idea that a vitamin deficiency might be a 
causative factor, as has been mentioned, for example, by Elders 

Leafy vegetables and fruits usually are considered desirable for anemic patients, 
especially because of their iron content, and strawberries rich in iron appear bene- 
ficial for patients with sprue, a disease, as noted, resembling pernicious anemia 
We prefer to add these foods to the pernicious anemia patient’s diet not only because 
they are healthful ones for any person to eat, but also because, as Whipple and 
Robscheit-Robbins^® have shown, certain ones have an especially favorable influ- 
ence on hemoglobin production It is quite probable, however, that their chief 
effect IS not because of their iron content It seems that such a factor as the character 
of the proteins or amino-acids in the diet is of much more importance than the iron 
content for pernicious anemia patients 

Numerous authorities hold the view that an intestinal bacterial toxemia plays 
an important etiologic role in this disease One may choose to believe that any 
benefit these patients derive soon after beginning to take certain foods is to be 
attributed to changing rapidly the intestinal flora, thus decreasing a bacterial 
toxemia, rather than considering that the foods influence in some unknown, but 
more direct, manner the formation or destruction of red blood cells 

Gibson and Howard, “ taking cognizance of Whipple and Robscheit-Robbins' 
work and the fact that certain lipoid substances could enhance hemolysis, fed per- 
nicious anemia patients a relatively low caloric diet (from 1,500 to 1,900) rich in 
iron [liver (daily), fruits, green vegetables, egg yolk] and low in fat” and adequate 
in vitamins A somewhat similar diet but containing a less amount of food rich in 
purines was recommended by Fenlon^^ in 19x1 Gibson and Howard,*' besides 
demonstrating the favorable influence of their diet on nitrogen and iron metabo- 
lism in pernicious anemia and some other anemias, suggested that it enhanced a 
remission in pernicious anemia and urged its use 

Material Studied and Observations 

Following the work of Whipple and Robscheit-Robbins, we made a few obser- 
vations on patients concerning the influence of a diet containing an abundance of 
liver and muscle meat on blood regeneration The effect appeared to be quite similar 
to that which they obtained in dogs These observations, together with the infor- 
mation given above, led us to investigate the value of a diet with an abundance of 
food rich in complete proteins and iron — particularly liver — and relatively lou in 
f'lt, as a means of treatment for pernicious anemia 

Observations set forth below have been made on fort} -five patients with t}pical 
pernicious anemia first partaking of such a diet when in a relapse and continuing 
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It to date (except temporarily omitted by three), or from six weeks to two and a 
half years 

The special diet®- used was made as palatable as possible and for each day was 
practically as follows 

I From ixo to X40 Gm , and even sometimes more, of cooked calf s or beef liver An equal quantity 
of lamb s kidneys was substituted occasionally 

X One hundred and twenty grams or more of beef or mutton muscle meat 

3 Not less than 300 Gm of segctablcs containing from i to 10 per cent of carbohydrate, especially 
lettuce and spinach 

4 From xyo to 500 Gm of fruit, especially peaches, apneots, strawberries, pineapple, oranges and 
grapefruit 

5 About 40 Gm of fat derived from butter and cream, allowed in order to make the food attractive 
However, animal fats and oils were excluded so far as possible 

6 If desired, an egg and X40 Gm of milk 

7 In addition to the above mentioned foods, breads especially dry and crusty, potato, and cereals, in 
order to allow a total intake of between x,ooo and 3,000 calorics composed usually of about 340 Gm of 
carbohydrate, 135 Gm of protein, and not more than 70 Gm of fat Grossly sweet foods were not given, 
but sugar was allowed very sparingly 

This diet IS rich in iron and purine derivatives, containing about o 03 Gm of the 
former and about i Gm of the latter 

At the time the diet was advised for many of the patients, they were able to take 
only a small amount of food of any sort Under these circumstances they were en- 
couraged to take as much as possible of liver and fruits, and at least some vege- 
tables, while other sorts of food were not forced During the first week of the diet, 
the intake was often less than a thousand calories After about this penod of time, 
the patients usually felt distinctly better and their appetite began to improve Then 
the food was increased gradually until the complete diet was taken The patients 
as a rule did so within two weeks after the diet was begun In fact, frequently they 
soon became “ravenously hungry" and often anxious to eat more than the custom- 
ary allowance of liver and meat 

Twenty-four of the forty-five patients carried out the regimen by weighing por- 
tions of liver and meat and esamaung the amounts of the rest of their food for at 
least three weeks, and often for the first six after commencing the diet The other 
patients, like those after leaving the hospital, have taken their diet at home, fol- 
lowing out written directions but not weighing any of their food Our data 
strongly suggest that the patients who commenced treatment in the hospital and 
tiiosc few able to have a trained nurse at home have improved on the average rather 
faster and to an even better degree than the others When the patients had remained 
much better for many weeks, their diet was scmetimes modified particularly by 
decreasing the amount of liver and fruit 

The therapeutic regimen for these forty-five patients, besides the special diet, 
included rest, usually at first in bed for twenty-four hours a day All but three also 
took each day about 15 cc of diluted hydrochloric acid (U S P ) These three, 
however, improved at least as much as the majority of the others None of the pa- 
tients received any especial treatment shortly before or after the diet was begun 
except as follows A man, aged 65, with pronounced spinal cord lesions and ad- 


GEORGE R MINOT AND WILLIAM P MURPHY 


13 


vanced arteriosclerosis, was given five transfusions of blood within about six weeks 
while attempts were made to get him to eat Now, three months later, he remains 
the least well of all forty-five, except for one woman who recently has omitted her 
diet Blood was transfused to three others at about the time they first took the 
special diet The red blood cell count of none was over 1,400,000 per cubic milli- 
meter four days after transfusion 

The forty-five patients represent an essentially consecutive series seen in a relapse, 
and are all that have taken the special diet except one noted below The series is not 
entirely consecutive, because during the time the forty-five cases were seen the fol- 
lowing additional ones came under observation 

I Four patients who had had their disease a long time were exceedingly sick, able to take little or no 
food, and died within a few weeks after they were seen They ate no liver or kidneys 

X Five patients consulting us but once and not taking the special diet Letters indicate that three im- 
proved somewhat and two did not 

3 One patient that was in much better condition soon after taking the diet This patient is not in- 
cluded in the series of forty-five because of several unusual complications 

Many of the forty-five patients had had definite symptoms due to pernicious 
anemia for more than two years, and two of them experienced such symptoms ten 
years before taking the special diet A number of the cases were observed during a 
year or more before the diet was begun, others for several weeks, and some for only 
a few days Many of the patients had remained in distinctly poor health and were 
unable to do their usual work for from a few months to more than a year before 
eating the food especially prescribexl During this time, many received various 
forms of therapy without distinct benefit, including transfusions of blood 

When the special diet was started, the forty-five patients that have continued to 
cat this kind of food fell naturally into the three following groups (i) twelve in 
their first distinct relapse, (z) seventeen in their second relapse, C3) sixteen having 
had two or more relapses It is thus evident that all sorts of variations of the disease 
occurred among the patients, and that the series was not composed chiefly of those 
in their first relapse, following which considerable “spontaneous” improvement is 
the rule 

The condition of all forty-five patients became much better rather rapidly soon 
^ter commencing the diet All except one, who has recently omitted her diet, arc 
now at the least in a very fair state of health, and if it were not for disorders in 
some due to spinal cord lesions, would have an appearance to a layman of being 
essentially well However, there are only eleven patients who began the diet a year 
or more ago, two of whom have taken it for more than two years Eighteen began 
taking the diet less than five months ago 

One of the earliest signs of improvement has been a change in the frequency of 
bowel movements believed to be due particularly to the diet and probably not to 
diluted hydrochloric acid Within a few days, those who had had a tendency to 
diarrhea often began to have one formed stool a day, while, interestingly enough, 
those who had had normal movements or had been constipated frequcntl} had for 
several days a few loose stools in each twenty-four hours The latter patients, then, 
had a more natural regularity of their bowel movements and a more normal stool 
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than they had had for some time before the diet was taken The laxative effect of 
the diet has been observed also to occur in some normal persons 
Clinical improvement has been obvious usually within two weeks This has been 
heralded in the peripheral blood before the end of the first week by the beginning 
of a most definite rise of the reticulocytes (young red blood corpuscles) of from 
about I o per cent to usually about 8 o and even to 15 5 per cent of all the red blood 
cells This rise occurred in all fifteen patients that have had such counts made every 
day or so for from one to three weeks before and some weeks after beginning the 
diet By the end of the second week, these cells usually had returned close to their 
normal percentage Later, when the red blood cell counts were distinctly high, it 
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* The figures represent the count per cubic millimeter before and after starting special diet in three 
groups of cases of pernicious anemia (i) with less than i x million, (1) having from i x to x million, and 
(3) having from 1 to x 75 million before diet was begun Also, averages for all fort) -five cases arc shown 
The differences in the number ot cases after about one month is because some have not taken the diet 
for as long as two, and others as long as four months 

was frequent to find, as we have noted formerly, an abnormally small number of 
reticulocytes Before they began to increase, the icterus index of the blood serum 
in these fifteen patients started to fall, and soon the yellow tint of the patient’s skin 
disappeared This index reached normal in from two to four weeks, and often has 
fallen to below normal even when the red blood cell count had increased to only 
X, 500,000 per cubic millimeter 

The accompanying chart and table give in a synopsized manner the trends of the 
state of the blood in the forty-five patients, taking into consideration, on the one 
hand, the character of the case, and, on the other, the level of the red blood cells 
when the diet was begun The data are given for all forty-five patients before and 
about one month (from four to six weeks) after the diet was started Although all 
the patients have been observed repeatedly, data can be given for only thirty-seven 
at the end of about two months (from eight to eleven weeks) of treatment, and for 
twenty-seven between four and six months after treatment began, because eight 
have taken the diet for less than two months, and eighteen for less than four 
months As a measure of the patient’s condition, we have chosen to give in the 
table and chart the red blood cell count rather than the hemoglobin percentage, 
partly because the latter in pernicious anemia may be at about the same high level 
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(80 per cent) with red blood cell counts of from z 5 to 4 million per cubic milli- 
meter It IS recognized that figures for both may vary considerably within a few 
hours The figure used in synopsizing the data often represents in each instance an 
average of several counts made within a few days of each other 
Inspection of the chart and table shows the rapidity with which the red blood 
corpusles increased, the high level they attained at the end of about one month, rwo 
months and from four to six months after the diet was begun, and the rather slight 
differences that occurred in the bloods in the cases falling into the three groups 
based on the number of relapses that had occurred The percentage increase of cells 
(and the same is true of the hemoglobin) at the end of a month was usually very 



Red blood cell counts in forty-five cases of pernicious anemia before and after beginning special diet 
Cases grouped according to the number of relapses the patients had had One and two months after diet 
began indicates an approximate amount of time and for any gnen case is not less and often somewhat 
more than four or eight weeks The differences in the total number of cases after about one month are 
caused b) the fact that some patients have had the diet for less than two, and others for less than four, 
months 

much greater in patients starting the diet when their red blood cell count was less 
than 1,100,000 per cubic millimeter than in those in whom it was distinctly higher 
This occurs in other pernicious anemia patients rapidly restoring their blood The 
blood of patients with rather high counts of their red blood corpuscles and promi- 
nent signs of injury to the spinal cord responded more slowly perhaps and less \nc11 
than others, and, as is to be expected, no striking change occurred in very marked 
s>mptoms or signs due to spinal cord degeneration 
In pernicious anemia, remissions after two relapses are frequently less marked 
than previous ones, so that the red blood cell count is apt to be lower in a third or 
subsequent relapse than in a former one In spite of the excellent remissions our 
patients had soon after beginning the diet, the data in the chart sho%% \shat might 








SPECIAL DIET POE PERNICIOUS ANEMIA 


l6 

be expected, namely, that not only did the third group of patients (those having 
had more than two relapses) have on the average a slightly lower red blood cell 
count before the diet was started, but also that afterward their counts were apt to 
increase more slowly and not become quite so high as in the other two groups 
Only four of the patients had red blood cell counts as low as between 3 and z 5 
million per cubic millimeter after taking the diet for about a month The cases of 
three belong to this third group Even so, two had 4,000,000 or more red blood cells 
per cubic millimeter at the end of four months The other, the patient transfused 
several times, has now, after three months of dieting, only z,6oo,ooo per cubic 
millimeter However, his hemoglobin has risen from Z5 to 70 per cent The fourth 
case with a red blood cell count of less than 3,000,000 per cubic millimeter at the 
end of a month belongs to the second group, and now, two and a half months after 
the diet was started, shows a red blood cell count of 3,300,000 per cubic millimeter 
The data from which the table and chart were prepared have been analyzed in 
various ways, and the following statements indicate in a different manner than 
they do what satisfactory improvement was shown in the patients’ blood Seventy- 
six per cent of all the patients had z,ooo,ooo or less red blood corpuscles per cubic 
millimeter, with their hemoglobin usually 55 per cent or less before beginning the 
diet In contrast to this, approximately a month (from four to six weeks) later, 91 
per cent had over 3,000,000 and 4Z per cent over 3,500,000 red blood cells per cubic 
millimeter, with corresponding rises in the hemoglobin percentage After taking 
the diet for about two months (from eight to eleven weeks), 89 per cent (of the 37 
that had taken the diet this length of time) had 3,500,000 or more red blood cor- 
puscles per cubic millimeter, while 73 per cent had 4,000,000 or more All had a 
hemoglobin of approximately 80 per cent or over None of the patients studied after 
they had eaten the food selected for them for between four and six months had less 
than 3,500,000 red blood cells per cubic millimeter, 81 per cent had 4,000,000 or 
more, and the counts of 30 per cent were over 5,000,000 per cubic millimeter The 
hemoglobin was 80 per cent or above in all, often 90 per cent, and in several cases 
reached more than 100 per cent However, it is to be noted that none of these cases 
observed between four and six months after the diet was started had appeared as 
advanced as several of those in patients that improved the least, but which have not 
yet had the diet for four months The observations on the eighteen patients who 
have been on the diet for more than six months show that their count may fluctu- 
ate, though It has remained above 3,zoo,ooo per cubic millimeter, and usually has 
been found over 4,000,000, with the hemoglobin remaining 80 per cent or more 
There are three exceptions to this statement, for three patients had a relapse about 
eight weeks after changing their diet One did so a year and another seven months 
after the special diet was begun Both had for two or three weeks a count slightly 
below 3,000,000 per cubic millimeter Their red blood cells and hemoglobin then 
very rapidly increased under rest and on eating an increased amount of liver and 
frmt The third patient’s red cell count was 4,zoo,ooo per cubic millimeter a month 
before she changed her diet She has just resumed the special diet, and her red cell 
count IS 1,900,000 per cubic millimeter and hemoglobin 50 per cent 
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Comment 

Cases of pernicious anemia undergoing distinct remissions often show rapid and 
striking improvement, such as occurred in almost all our patients A considerable 
number of them have made such remarks as, ‘ I feel better than for several years,” 
“better than for two years,” and “stronger than after the two times my blood went 
low before ” Such statements, to be sure, are made by pernicious anemia patients 
having remissions that have not taken this diet, and there is no case in this series 
of forty-five that cannot be paralleled by a similar one having a so-called spontane- 
ous remission However, the records of eleven cases show that the red blood cell 
count in the remission following the ‘ liver diet” has remained distinctly higher, 
not only than in a former remission, but also in three cases higher, for at least two 
months, than in their three previous remissions It is, thus, again pointed out here 
that It is rather unusual to find the red blood corpuscle count in a late remission 
distinctly above the level obtained in several earlier ones A few of the patients 
observed for many months before they took the special diet ate, by our advice, 
relatively small amounts of liver two or three times a week, together with other 
food of the sort contained in the special diet Under such a regimen a moderate 
degree of improvement occurred in some, to be followed later by a relapse of their 
case It was rather striking that when the same patients were placed on a diet rich 
m liver they improved markedly This suggests, as do similar observations we made 
some time ago in other cases, that if liver and food like it play a role in improving 
the blood of pernicious anemia, it is desirable for the patients to take such food 
daily and in large amounts 

The spontaneous remissions of pernicious anemia and the bizarre course it often 
runs make it notoriously difficult to determine accurately the effect of any proce- 
dure on the disease All sorts of therapeutic procedures have been advised, many 
because a few cases improved promptly after their trial Waves of enthusiasm for 
certain methods have vamshed soon when it was shown that the earlier reports of 
benefit could be attributed readily to the natural course of the disease There is, 
however, no doubt, as shown by some of the early and more recent investigators, 
that a well balanced, nutritious diet sometimes aids to enhance a remission The 
patient may be helped by numerous other forms of treatment, such as those to 
change the intestinal flora, the injection of protein substances, the taking of ar- 
senic, the transfusion of blood, and splenectomy 

At least one remission, as has been noted by Cabot,®* takes place at some time, but 
at no regular time, in about 80 per cent of pernicious anemia cases Precise data are 
sparse concerning the frequency, degree and rate of remissions in similar groups of 
cases treated in different ways Splenectomy has caused quick and marked improve- 
ment in 64 per cent of the patients undergoing this operation, while about 15 per 
cent more have shown some benefit from the procedure However, the remissions 
that followed have been of no longer duration than those heretofore reported as of 
a spontaneous nature Excluding desperately ill patients, Ivlinot and Lce®‘ noted in 
1917 that about 35 per cent of forty patients treated in no especial manner had a 
moderate or better remission soon after thej w'cre seen Following the transfusion 
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of blood into forty-six similar patients, about 50 per cent continued to have defi- 
nitely improved health for at least many weeks than for some time before the pro- 
cedure Not more than 20 per cent of the ninety-six patients of these two groups 
soon had rapid and marked increase m their red blood cells An analysis of fifty 
other cases observed between 1916 and 19x3 m sequence, except for several in a 
terminal condition, indicates that 45 per cent developed a definite remission soon 
after we saw them These patients were treated in various ways by numerous physi- 
cians, but did not eat large amounts of liver or similar food The remissions were 
seldom of marked degree, with the red blood corpuscles reaching 4,000,000 or more 
per cubic millimeter 

No entirely satisfactory data have been found concerning the frequency of remis- 
sions following the use of a nutritious high caloric diet and such a regimen as that 
prescribed by Barker and Sprunt We have treated in this manner twenty-five par- 
tially selected cases, from which it appears that distinct remissions may follow such 
therapy in about 65 per cent of the instances Even so, apparently the red blood cell 
counts of patients on such a diet and who were improved distinctly at the end of 
one or two months averaged less than for all forty-five who have eaten generously 
of liver for the same amount of time 

The evidence at hand suggests that the dietetic treatment of pernicious anemia 
is of considerable importance It has been possible to demonstrate in forty-five cases 
seen essentially in sequence that following a diet rich in liver and low in fat a dis- 
tinct remission of the anemia occurred rather promptly The promptness and rapid- 
ity with which the red blood corpuscles and hemoglobin increased, coincident 
with at least rather marked subjective improvement in the sense of well being and 
clinical appearance of all the patients and the strikingly better health of many, is at 
least unusual in pernicious anemia It is also not customary for the red blood cell 
counts during remissions o pernicious anemia to be so frequently of the height that 
occurred in these patients We are inclined to believe that something contained in 
the foods rich in complete proteins is particularly responsible for the improvement 
in the state of the blood The low fat content of the diet is assumed to have a less 
important effect than the character and amount of protein, although probably 
excess of mtrogen per se is unimportant If liver and similar food is of value, every 
means must be taken, including the skill of the nurse and cook, to get patients to 
eat daily as much as possible, preferably zoo Gm or more Failure could be attrib- 
uted to taking too little of such food 

There are no data to indicate whether the remissions in these forty-five cases 
will last longer than those of others 

It IS possible that this series of cases eventually may be proved to be unusual in 
that there happened to be treated a group that would have taken a turn for the 
better under other circumstances Also, time may show that the special diet used, 
or liver and similar food, is no more advantageous in the treatment of pernicious 
anemia than any ordinary nutritious diet Let this be as it may, at the present time 
It seems to us, as it has to Gibson and Howard, that it is wise to urge pernicious , 
anemia patients to take a diet of the sort described 
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Summary 

The dietetic treatment of pernicious anemia is of more importance than hitherto 
generally recognized 

Forty-five patients with permcious anemia observed essentially in sequence are 
continuing to take a special diet that they have now been living on for from about 
six weeks to two years but which was temporarily omitted by three This diet is 
composed especially of foods rich in complete proteins and iron — particularly liver 
— and containing an abundance of fruits and fresh vegetables and relatively low in 
fat 

Following the diet, all the patients showed a prompt, rapid and distinct remis- 
sion of their anemia, coincident with at least rather marked symptomatic improve- 
ment, except for pronounced disorders due to spinal cord degeneration Improve- 
ment was often striking, so that where the red blood cell count averaged for all 
before starting the diet 1,470,000 per cubic millimeter, one month afterward it 
averaged 3,400,000, and for the twenty-seven cases observed from four to six 
months after the diet was begun, the average count was 4,500,000 per cubic milli- 
meter 

Patients having had two or more relapses showed on the average slightly lower 
red blood corpuscle counts about one and two months after commencing the diet 
than did those who had started it in their first or second relapse 

Change in the frequency of bowel movements, temporary increase of reticulo- 
cytes in the peripheral blood, and decrease of the icterus index of the blood serum 
were among the earliest signs that heralded the patient’s better health 

All the patients have remained to date in a good state of health except three, who 
discontmued the diet, two rapidly improved on resuming it and the other has just 
commenced it again As the diet was advised for most of the patients less than eight 
months ago, enough time has not yet elapsed to determine whether or not the re- 
missions will last any longer than in other cases 

Subsequent Observations 

Since the data presented in this paper were compiled, the following additional 
information has been obtained The eight patients who had taken the diet for only 
about one month had red blood cell counts at the end of about two months of be- 
tween 3,500,000 and 6,000,000, with an average of 4,400,000 per cubic millimeter 
One of these had but 1,500,000 at the end of one month and now at the end of three 
and a half months has 4,500,000 per cubic millimeter 

The ten patients recorded as having taken the diet for only about two months 
showed in four to six months after starting it as follows Seven had an average red 
blood cell count of 5,100,000 per cubic millimeter One who had had about 5,000,- 
000 had but 3,500,000 per cubic millimeter Another who had x, 5 00,000 per cubic 
millimeter at the end of the second month had the same number two months later, 
although symptomatically he seemed better The tenth patient could not obtain 
the proper diet between the second and fourth month, and had at the latter time 
3)000,000 per cubic millimeter 
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The patients who had the diet from four to six months, or longer, when the data 
were compiled, continued in the next two and a half months to have on the average 
as satisfactory counts, except as noted below The majority of these have shown 
higher counts than formerly Two of the cases have had at three different times red 
blood cell counts of 6,000,000 or more per cubic millimeter Two patients who have 
had the diet for more than six months have recently eaten very little liver, and their 
counts have fallen in two months from about 4,000,000 to about 3,000,000 per cubic 
millimeter The red blood corpuscles of the patient referred to on page 16 as in a 
relapse increased 3,000,000 per cubic millimeter during the first eight weeks after 
the diet was resumed 

Information at hand suggests that some cases in which transfusion is done many 
times before the diet is started may respond but little to it 
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PERNICIOUS ANEMIA FROM ADDISON TO FOLIC ACID* 

By Russell L Haden, M D 

A CONSTANTLY fatal disease unexplained at autopsy is always intriguing 
The mysterious nature of pernicious anemia thus interested Thomas Addi- 
son^ when he described the first group of patients in 1849 He said this is “a re- 
markable form of anemia which has not attracted the attention it really deserves 
The anemia was profound and of unknown origin The patient became progres- 
sively weaker with little wasting and finally died without response to any treat- 
ment A postmortem examination did not aid in explaining the problem No real 
progress was made in solving the puzzle until the discovery of the beneficial effect 
of liver feeding in 1916 by Minot and Murphy- completely altered the outlook of 
the patient Further research is slowly unraveling the mystery Clinicians still 
think, however, of pernicious anemia as a "remarkable form of anemia " 

It IS my purpose to discuss historical highlights of this interesting disease from 
the time of Addison to the discovery of folic acid, and to emphasize some impor- 
tant clinical aspects 

Idiopathic pernicious anemia is a disease of nutrition characterized by macro- 
cytic anemia, histamine-refractory achlorhydria, combined sclerosis of the spinal 
cord, and a specific response to liver and liver substitutes The anemia alone may be 
completely relieved by a single chemical compound, pteroylglutamic acid (folic 
acid) The clinical picture is variable, the anemia may be minimal, only about 
three-fourths of the patients have signs of a cord lesion initially, a loss of vibratory 
sense is usually the earliest and often the only evidence of neurologic involvement, 
achlorhydria is a constant finding 

It IS a disease of older people In 42.7 patients studied at the Cleveland Clinic 
only 5 were less than 30 years of age In a total number of 579 I have seen, the 
anemia began in only i individual less than zo years of age Fifty-two per cent of 
the patients were between 40 and 60 A very large proportion were over 60 when 
the diagnosis was made 

Numerous clinicians, beginning with Combe in iSzz,® reported fatal unexplained 
cases of anemia which we now recognize as permcious anemia Thomas Addison, 
however, first m 1849 and again in 1855^ described it as a clinical entity 

Why was the disease so-called? Addison in his original description speaks of it 
as ‘ a remarkable form of anemia Its approach is first indicated by a certain 
amount of languor and restlessness to which presently succeed a manifest paleness 
of the countenance The symptoms go on increasing the patient experi- 
ences a distressing and increasing sense of helplessness and faintness he dies 
either from sheer exhaustion or death is preceded by signs of passive effusion or 
cerebral oppression ” All patients in this group were not suffering from true 
permcious anemia since z recovered and in 3, disease of the adrenal was found at 
autopsy Addison said in 1855 that he was trying to throw additional light on this 

From the Cleveland Clinic, Cleveland, Ohio 

• Peter T Bohan lecture given at the University of Kansas Medical School, March, 1947 
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condition when he discovered the disease of the adrenal glands known as Addison’s 
disease He again emphasized that there was no “discoverable cause whatever ’’ 
Addison recognized the anemia only by the pallor of the skin and the thinness 
of the blood In 1845, no blood cell counts or hemoglobin estimations had been 
done Vierordt® did the first red cell count in 1851, Funke® discovered hemoglobin 
the same year, and Welcher^ published the first extensive clinical article reporting 
blood counts and hemoglobin estimations in numerous diseases in 1854 Thus, ac- 
curate measurements of the blood came after Addison’s original communication 
Addison’s observations made little impression even in England, and little 
more was heard of this “remarkable anemia” until it was reported independently 
by Biermer® in Switzerland in 1871 At a meeting of the Medical Society in Zurich, 
November 6, 1871, Biermer under the title of Progressive Permcious Anemia 
described 15 cases of severe anemia He used the name only in a symptomatic sense, 
grouping together anemias of widely different etiology He had previously® men- 
tioned sirmlar cases in which he emphasized fatty degeneration of the heart and 
vessels Biermer stressed the role of pregnancy So some cases he described were 
evidently what we know now as the anemia of pregnancy His group has been 
described as a provisional shelter for a multitude of cases ’’^® He did not think of 
pernicious anemia as a single disease He again emphasized the finding at autopsy 
of fatty degeneration of the heart muscle and small vessels 
Biermer’s report was published in i87l in the proceedings of the Medical Society 
in Zurich For some unknown reason it quickly excited the interest of climcians 
everywhere Articles on progressive pernicious anemia began to appear rapidly 
In England, Addison’s original description was not recalled until stimulated by 
Biermer’s work In 1875, William Pepper^^ in Philadelphia wrote an extensive 
article of x6 pages on the disease in the Aimncan Journal of Medtcal Sciences Pepper 
says, “My present purpose is to offer a contribution to this important study by 
calling attention to a peculiar form of anemia of obscure and fatal character which 
has recently been redescribed (1 e by Biermer) as though it were a new affection 
under the name of Progressive Pernicious Anemia ’’ He then emphasizes that 
Addison had previously described the disease as ‘ idiopathic anemia ’’ Peppers 
mam contribution is his discovery of the extreme hyperplasia of the marrow He 
considered pernicious anemia as a primary disease of the bone marrow 
Many papers on the subject were published between 1875 and 1878 In 1878, 
Eichhorst’s extensive monograph^® of 375 pages entitled Progressive Pernicious 
Anemia’’ appeared All cases previously reported were reviewed Eichhorst men- 
tioned Addison s work but gave him little credit “Addison,” he said, “considered 
the anemia due to fatty degeneration of the internal organs while we now know 
that the anemia is primary and the fatty degeneration is secondary ’’ Eichhorst 
described as pernicious anemia cases of anemia which we now exclude The term 
designated only a group of fatal anemias and included such conditions as true aplas- 
tic anemia, leukemia, and other bone marrow diseases as well as severe anemias 
due to infection and toxemia Eichhorst did not have our present concept of 
pernicious anemia as a single specific entity The name he used, however, has per- 
sisted Interest stimulated by these early papers has never abated 
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Pernicious anemia is defined as a macrocytic anemia — the red cells are charac- 
teristically large Eichhorst mentions macrocytosis but reports no measurements 
or even counts in his own cases He does say the number of red cells was about 
one-tenth or one-twcnty-fifth of normal The first blood count in a patient with 
pcrmcious anemia seems to have been done by Sorensen in 1874 when he counted 
the blood with Malasscz’s apparatus and found only 470,000 red cells Sorensen 
also emphasized the large size of the cells The diameter of red cells had been 
measured from the time of Leeuwenhoek *■* A monograph on the dimensions of 
red blood corpuscles by Manassein'^ had appeared in 1872. Eichhorst concluded 
that the diameter of the cells is almost always increased Laache in his book on 
the anemias^2 published in 1883 has a long discussion of pernicious anemia and 
emphasizes the large size of the red cells and the increased color index The de- 
crease in number of red cells, the increase in size, and the increase in hemoglobin 
content were thus established very early as characteristic findings 

Earlier workers used the red cell diameter as a measure of size With the develop- 
ment of the hematocrit the cell volume was found increased also and a more sensi- 
tive indicator of macrocytosis Capps, in his work on volume index, found this 
always increased in pernicious anemia In our scries of 579 patients all showed a 
macrocytosis if untreated except in the rare instance with a coincident iron de- 
ficiency Other clinical conditions will also produce a macrocytosis but seldom so 
marked as in a pernicious anemia Examples arc liver disease, intestinal obstruction 
and nutritional deficiency such as sprue Ehrlich considered the presence of megalo- 
blasts in the peripheral blood as diagnostic of pernicious anemia He insisted that 
these were pathologic nucleated red ceUs and not simply very young cells Al- 
though Ehrlich and others believed that the diagnosis of pernicious anemia should 
not be made without the finding of megaloblasts in the blood, this view is no 
longer held A diagnosis should never be made of untreated idiopathic permcious 
anemia in the absence of a macrocytosis of the red cells 

The presence of an achlorhydria refractory to histamine stimulation is an es- 
sential finding All clinicians now accept the fact that idiopathic pernicious anemia 
should never be diagnosed if free hydrochloric acid be present on gastric analysis * 
The achlorhydria has been a most important factor in the final solution of the 
origin of the disease Addison and Biermer knew nothing about achlorhydria 

How did It become recognized that this was a necessary part of the symptom 
complex? Test meals were not done until relatively late in clinical medicine Cahn 
'and von Mering^® first studied the acid in healthy and diseased stomachs in 1886 
During the next ten years many articles on the subject appeared in England, on the 
continent, and in this country It was soon noted by numerous investigators that 
when no free hydrochloric acid was found the patients were frequently anemic, and 
that the anemia belonged in the group already designated as pernicious As late 
as 1900, however, Faber and Bloch*® could collect only 33 cases of pernicious ane- 
mia on whom a test meal had been done Martius and von Lubarsch,*^ in the first 
monograph on achylia gastrica in 1897, reported both pernicious anemia and 

* Wilkinson and Israels, Waldenstrom and others report that achlorhydria occurs in approximately 
I case of 100 EJj 
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secondary anemia associated with achlorhydna Achlorhydria was not then con- 
sidered as a necessary part of the chmeal picture The first large group of patients 
with pemiaous anemia on whom test meals had been done were reported by Levine 
and Ladd^* in 192.1 In 107 patients only 3 were found to have free acid In x of these 
3 patients the diagnosis was questioned In the light of present day knowledge 
all would be questioned One, for instance, had had several operations and a 
persistent diarrhea following an intestinal resection This patient probably had a 
symptomless obstruction of the small bowel with a macrocytic anerma Recently 
Goldhamer,^^ in a report on the gastric acidity during remission in pernicious 
anemia, mentions 1000 patients at the Simpson Memorial Institute as having had a 
test meal without finding free hydrochlonc acid in a single one In our series of 575 
patients a test meal was done in 546 Free acid was found but once This patient 
had a typical clinical and blood picture of pernicious anerma vsnth subacute com- 
bined sclerosis A technical error was not excluded The test meal was not repeated 
because the patient died soon after the original exatmnation No special studies 
were done to exclude other causes for a macrocytic anemia Recently we have 
studied i patients with a macrocytic anemia and a normal gastnc analysis Both 
were found to have a benign chronic intestinal obstruction These a patients also 
had signs of a subacute combined sclerosis 
A possible relation of the stomach to pernicious anemia through impaired nu- 
trition was recognized long before test meals were done Immerman^'’ in 1877 de- 
senbed permcious anemia as a disease of nutrition due to faulty absorption of food 
Austin Flint^^ in i860 said, ‘ 'Nor is it difficult to see how fatal anemia must follow 
an amount of degenerative disease reducing the amount of gastric juice so that the 
assimilation of food is rendered wholly inadequate to the wants of the body ” 
The English physician, Samuel Fenwick, especially emphasized this point of view 
His book, “Atrophy of the Stomach, was published in 1880 Here he recogmzed 
severe anemia as occurring with atrophy of the stomach In Chapter 3 on The 
Relation of Gastric Atrophy to Other Forms of Idiopathic Anemia” he remarked 
that the cases of atrophy of the stomach with anemia reported by him were identi- 
cal with those described by Addison as idiopathic or permcious anemia He quoted 
Addison’s description to emphasize the sirmlanty Fenwick thought, however, 
that the anemia was produced by interference with nutrition He pointed out that 
the digestive powers of the stomach were so impaired that the usual postmortem 
digestion solution of the gastric mucosa did not even take place unless acid were 
added, and the gastnc contents would not digest egg albumin These observations 
of Fenvnek ate most important m the light of present knowledge of the relation 
of the stomach to permcious anemia This atrophic condition of the gastnc mu- 
cosa in pernicious anemia can now be verified in life by gastroscopy 
William Hunter^® loiig emphasized the relation of the digestive tract to perni- 
cious anemia He considered the gastric atrophy as resulting from a gastritis due 
to swallowing bactena, and the characterisnc glossitis to be produced by a speci- 
fic micro-organism He believed that a toxin of bacterial ongin in the intestinal 
tract was absorbed into the portal blood and destroyed red cells 
The earlier students of permcious anemia did not recognize central nervous 
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system involvement In 1887, Lichthcim'^ described 3 patients with severe anemia 
and involvement of the central nervous system Lichtenstein-* in 1884 had pre- 
viously described cases of pernicious anemia with findings suggesting tabes dor- 
salis We now think these patients had pernicious anemia with subacute combined 
sclerosis In i8^z, Minnich-® described z patients with pernicious anemia who had 
serious cord involvement and studied the cord at autopsy He found changes espe- 
cially in the posterior columns of the spinal cord In this country Dana*® in 1891, 
in a discussion of degenerative diseases of the spinal cord, described a case with 
extreme anemia and diarrhea which was evidently pernicious anemia with cord 
involvement In the same year Putnam'** described 8 patients with combined sclero- 
sis which we recognize as having pernicious anemia from the characteristic anemia 
and other symptoms It is interesting that few of the early observers did blood 
counts on their patients, so the anemia was evidently quite extreme to be recog- 
nized only by pallor or weakness These observers continually emphasized that 
the nerve involvement is due to poor nutrition resulting from the anemia After 
1890, following such early reports numerous articles appeared describing cord le- 
sions In iqox, McCrae*' reported 50 patients with pernicious anemia from the 
Johns Hopkins Hospital and found neurologic manifestations in zo of these In 
1900, Frank Billings** took as his subject for the Shattuck Lecture in Boston, ‘ The 
Changes in the Spinal Cord and Medulla in Pernicious Anemia ” He emphasized 
the now well established relation of diffuse cord degeneration and pernicious 
anemia He thought the anemia and cord changes resulted from a simple toxin 
which was probably of intestinal origin His article is illustrated with many 
sections of spinal cord obtained at autopsy 

Russell, Batten, and Collier*^ in 1900 in discussing subacute combined degenera- 
tion of spinal cord described this condition as occurring in patients with severe 
anemia which was evidently pernicious anemia They thought there was no 
etiologic relation of the anemia to cord changes In the earlier articles there is 
necessarily much confusion since the criteria for the diagnosis were not clear 
Many diagnoses were missed and often cases of severe anemia due to other causes 
were called pernicious anemia 

The central nervous system is affected in 80-85 per cent of cases of true pernicious 
anemia The most common evidence of cord involvement is a diminution of vibra- 
tory sense The cord lesion may be the only significant manifestation of the disease. 
It may be more serious than the anemia There is no parallel between the degree 
of anemia and involvement of central nervous system Subacute combined sclerosis 
may arise from other causes The cord lesions usually respond, at least partially, 
to liver therapy Sometimes the damage to the central nervous system is beyond 
repair, so neurologic symptoms and signs may persist when the anemia is entirely 
relieved 

The proof of the relation of the stomach to the origin of pernicious anemia is a 
most important discovery It is easy to see how the stomach was early incriminated 
since the anemia had been conceived of as a wasting disease due to impaired nutri- 
tion This was well expressed by Austin Flint*^ in i860, as already quoted Immer- 
man’s classification of pernicious anemia as a disease of nutrition, and Fenwick’s 
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work, begun in 1871, on gastric atrophy as a cause of anemia, have already been 
mentioned Henry and Osler^® in 1886 described a case of pernicious anemia as due 
to gastric atrophy Numerous other clinicians made similar reports Pepper,” 
in his very complete article, however, lays no emphasis on changes in the stomach 
Then, as gastric analyses were more widely employed, came the discovery that 
patients with permcious anemia had an achlorhydria, and finally the conclusion of 
all clinicians that achlorhydria is invariable in the idiopathic form of the disease 
Achlorhydria usually, if not always, precedes the development of the anemia by 
many years, and persists even in complete remissions Free hydrochloric acid is 
not only absent in idiopathic pernicious anemia but the amount of gastric secre- 
tion is greatly decreased Askey^® has recently reviewed 47 cases of pernicious 
anemia reported as showing free hydrochloric acid on gastric analysis He em- 
phasized that none can be considered true Addisonian pernicious anemia by present 
day criteria 

What IS the relation of achlorhydria to the causation of pernicious anemia? 
We are indebted to Castle*'’ for the proof that achylia gastrica is a necessary 
link in the development of the nutritional deficiency producing the disease He 
showed that a patient fails to secrete in the stomach some unknown substance, 
probably a ferment, which acts on the food to produce a substance or substances 
necessary for the maturation of the red cells in the bone marrow and for the normal 
metabolism of nervous tissue The proof is simple Ground beef partially digested 
in the stomach of a normal man with normal gastric secretion when fed to a pa- 
tient with active pernicious anemia initiates a remission, and causes active blood 
formation as shown by a rise in reticulocytes and increase in red cells and hemo- 
globin Similar preparations exposed to digestion in the stomach of a person with 
pernicious anemia cause no rcticulocytosis or erythrocytosis in other patients 
suffering from pernicious anemia to whom the material is fed Such observations 
proved that a substance supplied by gastric mucosa is a necessary link in the pro- 
tection against pernicious anemia It was also shown that the achlorhydna by 
Itself IS not a factor but the ferment is never absent if free hydrochloric acid is 
present On the other hand the specific ferment may be present if free hydrochloric 
acid be absent Castle’s work furnished the final proof that pernicious anemia is a 
deficiency dependent primarily on a gastric defect Many workers, such as Austin 
Flint, were right in considering the absence of normal gastric digestion as a cause 
of anemia though they never thought of such specific action as that demonstrated 
by Castle Pernicious anemia may follow total gastrectomy Meulcngracht®® 
thinks Brunner’s glands in the duodenum supply the specific ferment also If true, 
this explains normal blood formation after some cases of gastrectomy 

Castle’s work disproved other theories of pernicious anemia Gastrointestinal 
toxemia, infection, and other possible causes arc no longer mentioned The disease 
becomes a negative one due to the lack of something, and not a hemolytic one, due 
to the action of some positive toxic agent * 

The discovery of a specific treatment for pernicious anemia is the most dramatic 
episode in the long history of this serious disease Many different methods of 

* However, a hemolytic component, causation obscure, is usually present Eds 
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treatment had been used prior to 19x6 — iron, hydrochloric acid, arsenic, trans- 
fusion, splenectomy, removal of infection, special diets, and drainage of the in- 
testinal tract At times any method of treatment seemed to produce a remission 
Sometimes the effect of transfusion was lifesaving by initiating a remission No 
treatment, however, could be depended on to stay permanently the course of the 
anemia It was almost always progressive, and usually ended in death from anemia 
unless some intercurrent fatal disease developed 

In igLo, Whipple^® and his associates had begun a systematic study of the effect 
of different methods of treatment, especially food and drugs, on experimental 
hemorrhagic anemia in the dog They found that the most valuable agent in 
ameliorating the anemia was whole liver Other foods, such as red meat, had a 
similar effect to a varying degree but the effect was not so striking as with liver 
While Whipple was working with hemorrhagic anemia he emphasized in 1^15'*^ 
that “even in complex anemia such as pernicious anemia, anemia with nephritis, 
and cancer cachexia food factors deserve serious consideration in the clinical manage- 
ment of the blood conditions “ Whipple did not apply his discoveries to clinical 
medicine, however It remained for Minot and Murphy^ to 6nd in a routine trial 
of liver in various types of anemias, that the response in pernicious anemia was 
strikingly different from that in other types of anemia They were helped by the 
knowledge that the level of reticulocytes is an ideal method of gaging response to 
treatment Minot and Murphy’s discovery was first announced in 19x6 and was 
rapidly verified by clinicians everywhere 

Liver and liver extracts affect the stroma of erythrocytes only This verified 
Whipple’s idea expressed in that there is a scarcity of stroma-building ma- 

terial in pernicious anemia With adequate liver therapy the blood of a patient 
about to die rapidly responds and returns completely to normal The glossitis 
and other gastrointestinal symptoms disappear entirely The neurologic symptoms 
become improved or do not progress, at times they disappear entirely There is 
nothing more dramatic in medicine than the effect of liver therapy on a patient 
with pernicious anemia Only the use of sulfa drugs and other antibiotics such as 
peniallin afford such brilliant results 

It was soon found that a liver extract acted just as well as whole liver Extracts 
have been improved until now these arc almost perfect in their action A monthly 
injection of a potent extract will keep the blood normal and prevent the develop- 
ment of a neurologic lesion An extract of normal gastric mucosa has a similar 
action as one would expect from Castle’s discovery 

Many attempts have been made to isolate from liver and liver extract a single 
speafic substance responsible for the beneficial effect While highly concentrated 
preparations have been made no single substance has been isolated In the mean- 
time, a single chemical substance has been found which gives a specific blood re- 
sponse in pernicious anemia and related macrocytic anemias Folic acid, a substance 
found in liver, yeast, spinach, and grasses, has proved to be necessary for the 
growth of certain bacteria and to rehevc the anemia developing in certain vitamin 
deficient diets This substance was found to be effective in macrocytic anemias due 
to a deficiency such as sprue, and other related conditions 
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Folic acid IS a single chemical compound (pteroylglutamic acid) which causes 
a specific response also in pernicious anemia It matures the megaloblasts of the 
bone marrow so that the blood returns to normal It probably has little effect on 
the cord lesion The latest reports indicate a cord lesion may even develop while 
the anemia is disappeanng and the blood count is normal 

With folic acid the reticulocyte response is not so pronounced as with a potent 
liver extract but the full effect is excellent and the blood will return to normal 
No secondary reticulocytosis occurs in a patient treated with folic acid when liver 
extract is added The question is still unsettled whether liver extract and folic 
acid give a better result than liver extract alone Folic acid alone should never be 
used m the treatment of permcious anemia since it is not the antineuritic factor 
It fails to prevent the development or progression of neurologic symptoms indica- 
tive of subacute combined sclerosis 

The anemia of pernicious anemia is due to the lack of a specific red cell maturat- 
ing factor necessary for the normal development of the erythrocyte This may well 
be folic acid since the response of the anemia with adequate amounts of folic acid is 
complete The relation of liver extract to folic acid is now being investigated Liver 
extract contains small amounts of folic acid but not enough to explain its anti- 
anemic action Liver extract has a widespread effect on the individual needing it, 
possibly through its action on cellular metabolism, as shown by the feeling of 
well-being exhibited by a person with pernicious anemia after the treatment for a 
few days with liver extract The rapid clinical improvement is not due to a relief 
of the anemia It has been suggested that liver extract restores normal pteroyl- 
glutamic acid metabolism possibly by freeing it from its conjugate form in which 
It normally occurs in foodstuffs According to this concept folic acid is related to 
the blood lesion only Further research may well show that other specific sub- 
stances necessary for normal metabolism of nerve tissue are activated by liver ex- 
tract Liver extract thus acts as an activator of cellular metabolism'*^ rather than 
as furnishing specific substances preventing or relieving pernicious anemia This 
work suggests that a complex type of cellular enzyme disturbance exists in perm- 
cious anemia The action of liver principle in restoring normal pteroylglutamic 
metabolism probably constitutes only one of its therapeutic effects 

Summary 

I have tried to review and clarify steps leading to our present knowledge of 
pernicious aneima as a chnical and etiologic entity The early history is most 
illuminating The development of the present concept of this compheated disease 
IS a triumph of medical research Many great names both in clinical and research 
fields are associated with the advance in knowledge of pernicious anemia Further 
research will almost certainly clarify problems still unsolved 
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TWENTY YEARS OF LIVER THERAPY 


By William P Mukphy, M D. 

A PERIOD of slightly mote than twenty years has elapsed since the introduction 
of the use of liver for the treatment of the patient with pernicious anemia 
It may be of interest and instructive to consider how well the early predictions 
in regard to the effects of this treatment have been substantiated and to summarize 
briefly the progress which has been made during this twenty year period 
The intensive and controlled study of the use of liver in the treatment of per- 
nicious anemia which demonstrated its efficacy and assured its general acceptance 
was begun in the spring of 1915 The results of these studies as carried out on 45 
patients were published in August of the following year ' Although diets, some 
including liver, had been previously tried, it remained for this study to establish 
liver therapy on a quantitative basis as indicated by the following quotation from 
this first paper “If liver and similar food is of value, every means must be taken 
to get patients to eat daily as much as possible, preferably ioo Gm or more 
Failure could be attributed to taking too little of such food “ 

At the end of another year and after observation of the effect of therapy m 105 
patients, it was possible to predict with greater confidence “Successful therapy 
of pernicious anemia depends on the treatment being properly carried out for a 
correctly diagnosed case With these conditions established, we believe that es- 
sentially all patients with pernicious anemia can be benefited, and usually markedly 
and promptly 

Even though the method of treatment has been greatly changed and simplified 
since the two statements quoted above were written, the predicted beneficial effect 
of liver (or its extracts) has been confirmed and the advice contained in them rela- 
tive to treatment has been found to be as important now with the simplified meth- 
ods of treatment as it was when whole liver was used Failure to obtain the best 
results possible are all too frequently the result of the use of insufficient amounts 
of anti-pemicious anemia substances or to their use onl) after irreparable damage 
has been done — too little, too late 

The stages in the progress of treatment from whole liver to an extract of liver 
for peroral and finally parenteral administration during this twenty year period are 
so well known that they need not be here repeated Although several patients have 
been well maintained for years entirely with the use of whole liver or extracts for 
peroral use, the treatment of choice for the great majority of patients is with liver 
extracts for parenteral administration These extracts are now fairly well standard- 
ized and their potency controlled so that the physician has access to highly potent 
and refined ones which produce a maximal response with a minimum of inconveni- 
ence and discomfort to the patient 

The most rapid and in most instances the most satisfactory response to treatment 
during relapse has been found to follow the injection of large doses of extract 
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supplying a high content of anti-pernicious anemia substances as elsewhere out- 
lined ® ^ Thereafter maintenance treatment must be individualized, determined 
on the basis of its effect on the blood levels and on the neural disturbances if these 
are present The amount of liver extract necessary to maintaiu the best possible 
state of health varies greatly from one patient to another The need for adequate 
therapy cannot be too greatly stressed In his Nobel lecture made after nearly ten 
years of experience with liver therapy, Minot® made the following statement 
“The grave error in treatment is to prescribe too little liver extract or potent sub- 
stitute Where there is doubt, more rather than less should be given It is essential 
that the individual receive into his body indefinitely and with regularity enough 
potent material for his given case ” Little need be added to this statement in order 
to condemn an effort to standardize maintenance therapy It has been demonstrated 
that the amount of liver extract needed to maintain a satisfactory state of health 
as determined from observation of a fairly large group of patients® is that which 
supplies 15 units about every three and one-half weeks The actual intervals varied, 
however, in this group of patients from one to six weeks It is obvious from this 
that one cannot produce the best results if the same dose of extract is given to all 
patients at the same interval 

The more highly concentrated and refined extracts insure the most satisfactory 
response with the least inconvenience and expense because of the need for less 
frequent injections There is no valid argument for the use of so-called ' crude” 
extracts in the treatment of pernicious anemia even though disturbances resulting 
from sclerosis of the central nervous system are present There is much evidence 
available to confirm the beneficial effect of the concentrated extracts on all of the 
disturbances characteristic of pernicious anemia including those due to neural 
damage No evidence has been presented to show that “crude” extracts are more 
beneficial in any respect Furthermore, their use necessitates greater frequency of 
injection and they are often distinctly more irritating with greater discomfort for 
the patient The ‘ crude” extracts contain a greater amount of solids than do the 
refined which are probably inert, the content of vitamins and other substances 
which might add to their value has not been found to be greater and some of those 
used as ‘ crude” extracts are merely dilutions of the refined 

The superiority of parenteral extracts over other forms of therapy is in part due 
to the careful follow-up control of the patient, made possible by his return for 
injections at regular intervals The pernicious anemia patient is subject to the same 
weaknesses of the flesh as are we all As his condition improves with peroral 
therapy there is a great temptation to neglect treatment and the check-up visit 
to his physician, the result in too many instances is hematologic and neurologic 
relapse The relatively frequent visits for injection have improved the physician- 
patient relationship so essential to the most satisfactory control The importance 
of this IS emphasized by Minot,® also in his Nobel lecture when he cautions The 
physician, however, must do more for his patient than prescribe a proper amount 
of liver, stomach, or the like, he should attend to all aspects of the case and not 
neglect attention to the individual’s problems of thought and action 

Were it possible for all patients with pernicious anemia to receive treatment 
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sudiciently early m the course of their disease and in accordance with the principles 
demonstrated to be most effective, the cause of death would rarely be recorded as 
that of pernicious anemia The causes of death have changed somewhat in respect 
to frequency of occurrence as the average age of the patient has increased in conse- 
quence of the liver treatment Hypertensive cardiovascular disease and malignanc) 
account for a rather high percentage of deaths as might be expected in a control 
group of comparable age 

The incidence of malignant disease in patients with pernicious anemia is not 
known In the author’s^ series of 578 cases followed during the first twelve years of 
liver therapy, instances of malignancy involving some part of the body were 
observed, an incidence of 5 per cent During that same period malignancy of the 
stomach caused death in only 4 cases Two more involving the esophagus were 
noted During the twenty year period 50 instances of malignant disease have been 
observed Twenty of these involved the stomach and in all but i, still living, was 
the cause of death Whether or not this indicates a higher incidence of gastric 
carcinoma than occurs in a group of patients of comparable age without pernicious 
anemia has not been determined It is quite likely that this is not the case 

The recent synthesis of folic acid® and its demonstrated beneficial e/Tcct on the 
blood levels in pernicious anemia'’ has stimulated renewed interest in the therapy 
of the disease Although this new development may be an important step toward 
solving several questions concerned with the mode of action of liver or its extracts 
and although the preliminary reports of its use in the treatment of pernicious 
anemia are encouraging, it must be remembered that its use is still in the experi- 
mental stage Many of its possible effects are yet to be determined, as for example, 
the amount necessary to initiate a satisfactory remission during relapse, the amount 
needed to maintain over a period of years normal blood levels and whether or not 
that IS possible m all patients Its possible toxic effects are not known and its 
value in preventing or bringing about improvement of the neural disturbances 
remains to be seen Evidence has already appeared to indicate that it does not 
control these and that it is not a complete substitute for liver or its extracts in the 
management of pernicious anemia It is' to be hoped that the medical profession 
will not be stampeded into the use of folic acid as a substitute for liver substances 
by glowing reports of its value made, particularly in the lay press, by irresponsible 
writers who do not have at heart the best interests of the patient with pernicious 
anemia 

Much more study is needed before folic acid can be accepted as a safe and effec- 
tive substitute for liver and liver extracts Efforts to side-step a definite decision in 
this regard by combining folic acid with liver extract merely increase the cost of 
treatment without definitely adding to its effectiveness One may confidently say 
in the light of our present knowledge that liver will do everything that folic acid 
will do and more for the patient with pernicious anemia 

Finally it may be stated with confidence that results of the use of liver or its 
extracts in the treatment of pernicious anemia during the twenty years justify the 
early optimism in regard to its value 

Some of the patients included among the first group of 45 treated and more of 
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those who were included in the group of 105 reported the following year are alive 
and well insofar as their pernicious anemia is concerned Except for the complica- 
tions which have appeared as the result of increasing age and not related to the 
anemic state, many more of these original groups would now be living Few of 
those who partook of sufficient liver to bring about a satisfactory remission have 
died from pernicious anemia either as the direct or indirect cause 
Not only have these persons been kept alive but they have been maintained in 
such good physical condition that it has been possible for them to carry on their 
normal occupations as housewives, merchants, teachers, lawyers, physicians, etc 
The distressing, and often incapacitating, disturbances resulting from damage to 
the central nervous system have been controlled or completely avoided 
Before the introduction of the liver treatment, the number of deaths from per- 
nicious anemia in the United States alone had risen to about 10,000 per year It 
may, therefore, be estimated that xoo,ooo persons with this disease in this country 
alone have had their life span increased by at least ten years and that there are 
100,000 persons now living with this disease who would not be except for their 
use of liver or its extracts 

In closing this brief resume of the experiences in the treatment of pernicious 
anemia with liver and its extracts during this first twenty year period one cannot 
better express the outlook for the future than did Minot® in the closing words of 
his Nobel address ‘ ‘It seems to me that one may expect in the future more informa- 
tion to be obtained which, directly or indirectly, will follow as the result of these 
observations Thus, upon the foundations laid by previous investigators, do medi- 
cal art and science build a structure which will in its turn be the foundation of 
future knowledge 
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PERNICIOUS ANEMIA, NUTRITIONAL MACROCYTIC ANEMIA, AND 

TROPICAL SPRUE 

A Discussion 

\ 

By Lucy Wills, MA,MB,BS,MRCS,LRCP 

T he brilliant work of Minot and Murphy (1916 and 1917) on the 
curative action of liver in Addisonian pernicious anemia and the subsequent 
work of Castle and his colleagues (19x9, 1930, 1931, 1936) on the mechanism of the 
formation of the liver principle opened up a vast field of research into the nature 
and the mode of action of this principle in pernicious anemia It was a natural 
development to extend this field to include a study of other macrocytic megaloblas- 
tic anemias and that an explanation of the etiology of all these should be sought 
on the basis of Castle s theory of an extrinsic-intrinsic factor reaction leading to 
the formation of the liver principle Much experimental and clinical work was 
carried out on these lines, but the concentration on this one aspect of these diseases 
and recently on the effect of folic acid in the same anemias has, by thus limiting the 
field, led to a neglect of the study of the general pathology and the natural history 
of these conditions and perhaps to a too limited view of their etiology In per- 
nicious anemia, nutritional macrocytic anemia and tropical sprue, to limit the dis- 
cussion to the three principle macrocytic anemias, anemia is only one aspect of each 
disease complex and the fundamental differences between the three disease entities 
have been overlooked in the light of the spectacular success of treatment with liver 
extracts and folic acid It was attractive to fit these three diseases, or rather the 
anemia in each' case, into the framework of Castle’s theory, according to which all 
three are due ultimately to a deficiency of the liver principle Pernicious anemia 
thus would arise through a deficiency of the liver principle due to an absence from 
the stomach of the intrinsic factor, nutritional anemia to the same anemia arising 
from a lack of the extrinsic factor in the diet and the macrocytic anemia of sprue 
to a failure of absorption of the liver principle, in some cases associated with a 
reduction or absence of the intrinsic factor Even had such an explanation in its 
simple form withstood the test of clinical trials and experimental work, it would 
not have explained the etiology of the pathologic change in the gastric mucosa 
in pernicious aneima, to which the absence of the intrinsic factor is attributed, 
nor that of the functional changes in the intestinal mucosa which lead to the 
failure of absorption in sprue This is not to question the validity and applicability 
of Castle s work, his experimental results belong to the group of “obstinate facts” 
that have to be reckoned with, but the simple explanation of the causes of the 
postulated deficiency in ‘the liver principle" in these diseases must be revised in 
view of certain experimental and clinical findings Undoubted cases of macrocytic 
anemia due to a deficiency of the extrinsic factor do exist and respond to treatment 
with this factor (Moore et al , 1944, Watson and Castle, 1946) On the other hand 
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in many areas where nutritional macrocytic anemia is endemic it has been shown 
that the anemia does not respond to treatment with purified liver extracts known 
to be active curatively in pernicious anemia even when these are given in doses 
equivalent to or much larger than those effective in pernicious anemia However, 
in other areas cases have been shown to respond to enormous doses of purified 
extracts, when the question of traces of other factors possibly present in the ex- 
tracts has to be considered (for review of literature see Watson and Castle, 1946) 
Animal experiments have also confirmed the inactivity of highly purified extracts 
in nutritional macrocytic anemia (Wills et al , 1937) and now modern work on the 
therapeutic activity of folic acid in macrocytic anemias has to be fitted into the 
picture 

A consideration of these findings necessitates a reorientation of our mode of 
approach to the study of these three diseases which does not imply a neglect of 
the study of the pharmacologic and physiologic action of the elusive liver factor 
or of that pleasantly concrete substance folic acid But the approach should be 
widened to include the natural history of these conditions and a study of their 
general pathology In these studies certain considerations should be borne in mind 
It should be remembered that the response of the body to any one factor or de- 
ficiency vanes with the past and present environmental condition, race, family, 
sex, climate, diet, illnesses, etc , all of which will have determined the physiologic 
and anatomic state of the body at any one moment of time The presence or absence 
of one factor may condition the mode of action of another factor, starving animals 
on a rachitogenic diet fail to develop rickets Metabolism proceeds by a series of 
chain reactions, this is beautifully seen in cellular metabolism where the members 
of the vitamin B2 complex play such an important role in the chain of oxidation 
reduction reactions The hnks in these chains may be broken at many points, but 
the breakdowns thus produced may result in very similar pathologic states It 
should also be stressed that a single symptom complex, such as that of a macrocytic 
hyperchromic anemia may be a part of many different disease entities Much con- 
fusion has arisen for example by the attempt to bnng all nutritional macrocytic 
anemias into one etiological group or to differentiate types on the basis of the 
serum bilirubin without due consideration of complicating factors With these 
considerations in view an attempt will be made to review the natural history and 
to study the pathogenesis and interrelationships of these three clinical entities In 
each case the discussion will be limited to the classic type of each disease, though 
niention will be made to the large group of ill defined and at present not worked 
out conditions which have many of the signs and symptoms of the clinical entities 
under consideration 


Geographic Distribution 

The distribution of the three diseases varies widely Pernicious anemia is mainly 
a disease of the temperate zones, the highest incidence being in the Nordic coun- 
tties, the British Isles, Canada, and the northern portion of the United States of 
America Nutritional macrocytic anemia in its endemic form is, broadly speaking, 
disease of tropical and subtropical lands Originally described as pernicious ane- 
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mia of pregnancy’* in India (Balfour, 192.7, McSwccncy, 192.7, Wills and Mehta, 
1930), It was later reported from British Guiana (Giglioli, 1934), East and West 
Africa, (Trowell, 1943), and probably from Puerto Rico, for though Castle and 
co-workers (1935) have described the cases of macrocytic anemia they studied there 
as sprue, it is probable that British workers would consider some, at least, of their 
cases as nutritional macrocytic anemia Rodiguez-Molina (1939) has described 
typical cases of nutritional macrocytic anemia from the same island A similar 
anemia, which will be discussed later, has been reported from Macedonia by 
Fairley and his colleagues (Fairley et al , 1938, Foy and Kondi, 1939) Sporadic 
cases, particularly among pregnant women, have been reported by many workers 
from Europe and America, but the relation of these cases to the endemic diseases 
IS uncertain Tropical sprue, as its name implies, occurs mainly in the tropics It 
was first described in 1759 ^7 HiH^fy in the West Indies and then rediscovered in 
the Far East (Manson, 1879-80), and has since been recognized in many parts of 
the world Further, it has long been observ^ed that certain districts and even 
houses in endemic areas have a high sprue incidence (Leishman, 1945, Keele, 1946) 

Seasonal Incidence 

Pernicious anemia is not a seasonal disease The highest incidence of nutritional 
macrocytic anemia in Bombay is during the winter months and the lowest during 
the monsoon (Balfour, 1917) This variation may be related to humidity, tempera- 
ture or changes in the small additions to the diet, which are of such importance 
in very deficient and monotonous diets Marriage customs may also influence the 
incidence, as they give rise to a seasonal variation in the number of pregnant women 
in the community and thus to the number of cases of nutritional macrocytic anemia, 
as this IS very prevalent among such women Hare (1946) reports that in Assam the 
maximal incidence of anemia, including macrocytic anemia in pregnant women, is 
in the third quarter of the year, which is the rainy season there At this time fresh 
green vegetables are not available and the home pounded rice normally eaten is 
replaced by milled rice Napier (1941), in Calcutta found that the highest incidence 
in pregnant women occurred in the second half of the year, in which, owing to the 
hot weather and monsoon, less fresh vegetables and fish are taken The onset of 
diarrhea in sprue is often associated with the hot weather, when in India the 
barometric pressure is lowest, but new cases arise at all times of the year 

Populations Affected 

A consideration of the racial and social groups who suffer from these three dis- 
eases is of considerable interest as they vary widely Pernicious anemia appears to 
be par excellence a disease of people of European descent, particularly of the Nordic 
races, and is rare in Asiatic or Negro peoples (Fnedlander, 1934) Within the racial 
group affected the disease is no respecter of persons, occurring in men and women 
of all social strata but showing a marked familial incidence The individuals 
affected are characterized by or give a history in other members of the family of a 
fair complexion and hair and light colored eyes The other two diseases are, how- 
ever, class conscious Endemic nutritional macrocytic anemia occurs in certain ill- 
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nourished populations, particularly among vegetarians (Taylor and Chhutani, 
1545, Walters, 1947), the poverty-stricken poorer inhabitants of Indian cities 
(Wills and Mehta, 1930, Mudaliar, i93x, Napier, 1941) the East Indian laborer 
in Central America (Giglioli, 1934}, Indian troops on active service (Marriott, 
1945) or the returned Indian prisoner of war (Walters et al , 1947) Pregnant wo- 
men are especially liable to develop the disease Napier (1941) in Calcutta found 
that in pregnant women suffering from anemia there is a significant correlation be- 
tween severe anemia and poverty but that the correlation between macrocytosis 
and poverty, though very suggestive is not statistically significant His results 
also suggested a correlation between vegetarianism and macrocytic anemia, but this 
finding was partly invalidated by the fact of a high positive correlation between 
vegetarianism and high economic status in the cases studied 
Tropical sprue, as originally described by Hillary (1759) m Barbados and as seen 
in India and the Dutch East Indies is, in contrast, not a disease of the ill-fed native 
resident, but of the relatively well-fed European or Anglo-Indian resident A dis- 
tinction must be made here apparently between sprue as originally described and 
seen typically in India and the Far East, and “sprue as seen in Puerto Rico In 
India, as mentioned above, the disease affects well-fed Europeans, in Puerto Rico 
the cases are reported (Castle et al , 1935, Rodriguez-Molina, 1939) as having sub- 
sisted for years on a very deficient diet, the intake of good biologic protein being 
particularly low This is not to imply that in the established syndrome the 
diet is anything but deficient, for in the untreated cases it most certainly is, the 
patients limiting their own diets, but the disease originates in well-fed individuals 
In this respect an outbreak of ‘ acute” sprue that occurred among “the Chindits” 
in the Burma campaign is of considerable interest These men, picked British troops, 
existed for weeks on a ration that was only meant for use in a short emergency 
After a very short time, a matter of days, many of the men developed nausea and 
vomiting and practically all complete loathing of the ration and in a large propor- 
tion of the men the picture of advanced sprue developed in a matter of eight weeks 
(Keele and Bound, 1946) This history differs markedly from the usual one in a case 
of sprue and further work is necessary to fit these cases into the sprue picture 
Many other cases were also reported from East Asia Command by these and other 
workers 


Clinical Features 

It is not proposed to discuss these in detail but merely to point out the striking 
differences in the three conditions A long experience of numerous cases of per- 
nicious anemia, nutritional macrocytic anemia and tropical sprue as seen in India, 
niakes it difficult to consider the three conditions as variants of the same disease 
entity As already mentioned however, it must be borne in mind that the same 
pathogenic agent produces widely differing clinical pictures in individuals whose 
genetic makeup varies, who live under diverse conditions of climate, diet, housing, 
etc , and who have suffered from different stresses and strains all their lives The 
disease entities may on the other hand be deceptively similar when one particular 
symptom, for example anemia, dominates the picture Disregarding for the moment 
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the atypical eases, which may perhaps be the clue to the interrelationship of this 
group of clinical entities, let us consider typical examples of each disease and com- 
pare them one with another 

In pernicious anemia the patient usually presents as a well-covered, slightly 
lemon yellow colored, middle-aged or old individual of European descent, often 
already showing signs that the nervous system is involved Very different is the 
picture in nutritional macrocytic anemia The age of the patient vanes from the 
late teens to relative old age, in India I never saw a case in a young child, but 
Giglioli (1934) reports 6 cases out of 51 cases below the age of li years, the young- 
est being II months old The patient is commonly emaciated but in British Guiana, 
Macedonia and Calcutta, all areas where this anemia occurs in a population which 
has a high malaria rate, emaciation is not such a marked feature Some degree of 
edema is common as in all severe anermas but it is sometimes extreme, occasionally 
from associated ben ben or hunger edema As far as a dark skin will permit one to 
judge, the patient is not jaundiced, has clear conjunctivac and, with the exception 
of the prisoners of war, has no signs of associated disease of the central nervous 
system In Bombay, where the nutritional anemia is extremely common, an occa- 
sional case may be frankly jaundiced but nearly always this was found to be asso- 
ciated with syphilis or malaria In highly malarious areas such jaundiced cases are 
frequent The sprue case, generally of European descent and frequently a middle- 
aged individual, is emaciated but with a distended abdomen often with visible 
peristalsis, the skin is greyish or a dirty yellow color The signs and symptoms of 
other defiaencies such as tetany or purpuric manifestations may be present 

One sign which, together with the anemia, has been taken to indicate a close 
relationship between these conditions is diarrhea This may occur in pernicious 
anemia, but is not a very constant finding and is often controlled by hydrochloric 
acid alone In nu jtritiOQ al macrocytic anemia the occurrence of diarrhea is of con- 
siderable interest In certain years in Bombay it was not a common complication 
though severe cases of nutritional macrocytic anemia occurred, in other years it 
was noted that diarrhea, often associated with a typhoid or hectic temperature 
which led to the isolation of the patient, was a very frequent complication No 
specific organism could be isolated from the stool and the whole syndrome cleared 
on marmite or a crude liver extract and did not tend to relapse (Wills, unpublished) 
Giglioli (1934) reported diarrhea in only a few cases, whereas Napier (1941) re- 
ported a sigmficant positive correlation between macrocytic anemia and diarrhea, 
an incidence of 41 per cent in 45 pregnant cases A very similar sequence of events 
IS seen in monkeys rendered anemic by faulty feeding, the anemia which is ap- 
parently the counterpart of the human condition might develop to an extreme de- 
gree without intestinal symptoms appearing or another time it might be associated 
with severe diarrhea which, with the anemia, improved immediately, as in the 
human cases, on treatment with active preparations of liver or yeast In the animal 
cases too no specific organism could be isolated from the stools (Wills, unpub- 
lished) In returned Indian prisoners of war with a high incidence of nutritional 
macrocytic anemia, diarrhea was rarely complained of and was present in only 5 
per cent of those requiring hospital treatment (Walters et al , 1947) In sprue. 
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which commonly develops insidiously but may develop suddenly, sore tongue and 
diarrhea dominate the clinical picture The type of stool is characteristically bulky, 
greasy, frothy and pale, differing from that seen in the diarrhea complicating 
nutritional macrocytic anemia of men and monkeys, where it is usually more 
watery and neither so pale or so frothy But atypical enteric stools may occur in 
the acute phases of sprue The sore tongue, which also occurs in pernicious anemia 
and nutritional macrocytic anemia is a far more constant feature in sprue 

Nervous lesions other than signs of neuritis are lacking in both nutritional 
macrocytic anemia and tropical sprue In Bombay in several hundred cases signs or 
symptoms of subacute combined degeneration were absent and Fairley (1936) re- 
ports the same absence in 450 cases of sprue seen by him personally Ashford (1932.) 
in a review of 3,000 cases of sprue does not mention any signs or symptoms of this 
complication (quoted by Fairley, 1936) 

Pathology and Biochemical Findings 

Since the introduction of liver therapy the uncomplicated case of pernicious 
anemia seldom comes to postmortem, but such was not the case previously and 
both the older pathologists and the older literature can give a detailed account 
of the findings Details of the pathology of nutritional macrocytic anemia are not 
available owing to the difficulty of obtaining permission for postmortems in such 
cases It IS also regrettable that most of the little material that is available came 
from cases living in areas where malaria is endemic and which were all examples 
of so-called “hemolytic nutritional macrocytic anemia” (Fairley, 1938), these 
cases differ in important respects from uncomplicated ones, which for clarity will 
be referred to as nonhemolytic nutritional macrocytic anemia 

At postmortem the body in a case of pernicious anemia is usually that of a well- 
nourished, middle-aged or elderly man or woman, the skin and sclerotics and 
particularly all the fatty tissues are a bright lemon yellow color and there is an 
excess of fat in and around the organs In contrast in nonhemolytic nutritional 
macrocytic anemia and in sprue the body is usually emaciated, fat being conspicu- 
ously absent from all the organs and the characteristic lemon yellow color of 
pernicious anemia is also missing, all the organs are extremely pale A further 
feature of these two diseases is the great reduction in the size and weight of the 
organs, especially the heart and liver, which is in contrast to the findings in per- 
nicious anemia where the organ weight is not reduced and may be increased 
Fairley (1930) thinks this decrease in organ weight may be of diagnostic signifi- 
cance At the postmortem of a case of nonhemolytic nutritional macrocytic anemia, 
a male of about 13 years of age, the body weight was found to be under 6 stone, 
though he was of average height for an Indian and the heart weight was only 
240 grams (Wills, unpublished) Mackie and Fairley (19x9) report a heart weigh- 
ing only 50 grams in a case of sprue that came to postmortem In contrast are the 
findings in the hemolytic type of nutritional macrocytic anemia, in two incomplete 
postmortem examinations, on a pregnant woman and on a woman who had just 
been delivered respectively, (Fairley et al , 1938), the bodies were relatively well- 
nourished, subcutaneous fat was plentiful and of the same bright lemon yello\% 
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color as is seen in pernicious anemia The organs, particularly the liver and spleen 
were enlarged and the heart, examined only in one case, showed some fatty de- 
generation 

The hemopoietic organs and the blood picture arc of particular interest m the 
three diseases The classic picture of a panhcmopoictic dystrophy characterized 
by a megaloblastic erythropoiesis, a similar disturbance in the myeloid senes with 
pathologic macro-mycloid cells and a reduction in number and abnormality in 
type of the thrombocytes, is present m all three conditions and the general opinion 
IS that the changes in the cells in marrow and blood arc identical in the three dis- 
eases But both in sprue (Mackic and Fairley, 192-9) and in nutritional macrocytic 
anemia (Balfour, 1917, Mitra, 1931, Wills, unpublished) examination of the tibia 
may show an aplastic marrow with a curious gelatinous appearance in the shaft, 
though in other cases the red marrow may extend from end to end of the bone 
In nutritional macrocytic anemia in monkeys the tibial bone marrow may show 
similar red and gelatinous changes with a megaloblastic hyperplasia (Wills and 
Stewart, 1935) The detailed picture in the bone marrow revealed by sternal punc- 
ture preparations varies from case to case with the seventy of the anemia and with 
complicating factors, but the essential pathology is the same and the changes re- 
sulting from adequate treatment with liver or folic acid arc also the same But 
there is a remarkable difference in the blood condition which has not been ade- 
quately stressed In true pernicious anemia in relapse there is some factor constantly 
present which causes an increase in the scrum bilirubin which gives rise to the 
characteristic coloring of the skin, sclerotics and of the body fat and also to an 
increased output of urobilin or urobilinogen in the urine and feces Fairley (1941) 
has also shown the presence of methemalbumen in the plasma, which is taken as 
evidence of intravascular hemolysis In uncomplicated cases of tropical nutritional 
macrocytic anemia in relatively nonmalarious areas and in uncomplicated cases 
of sprue the findings are in marked contrast to those in pernicious anemia in relapse 
and in the hemolytic type of nutritional macrocytic anemia as shown in table i 

Earlier figures, lost during the blitz, from a larger series of cases of nonhemolytic 
nutritional macrocytic anemia gave similar findings, the mean figure for 50 cases 
being o 33 mg per 100 ml Only i in 36 cases had urobilin or urobilinogen in 
excess in the urine In the hemolytic type of nutritional macrocytic anemia seen 
in Macedonia the serum bilirubin in the cases reported by Fairley and colleagues 
(1938) was markedly raised, the mean figure being approximately double that of 
the author s series of untreated cases of pernicious anemia (see table i) In an 
earlier series of 48 cases of sprue seen in Bombay by Fairley only 3 had bilirubin 
values above o 6 mg per 100 ml In a senes of cases of ‘sprue” seen in Puerto Rico 
(Castle et al , 1932.) the icterus index was determined in 89 individuals, in X4 it was 
above 6 units, which was almost as great an incidence of a raised value as in the 
same authors’ series of cases of pernicious anemia It is difficult to assess these 
figures as Puerto Rico is a malarious area The difference in the figures for serum 
bilirubin and urinary urobilin or urobilinogen in the different clinical entities 
suggests that in untreated pernicious anemia and in the hemolytic type of nutri- 
tional macrocytic anemia there is a hemolytic factor which is absent in uncom- 
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plicated nutritional macrocytic anemia and sprue The postmortem findings, though 
these are scanty in nutritional macrocytic anemia, are of interest in this connection 
The characteristic deposits of iron found in the liver, spleen, bone marrow and 
kidneys in pernicious anemia are not considered by most recent workers to be an 
index of increased hemolysis but rather of an inability of the blood forming organs 
to deal with the iron liberated by normal blood destruction (Minot and Strauss, 
1943) But the iron in the kidneys is deposited within the cells of the excreting 
tubules, particularly in the proximal tubules, the glomeruli containing no iron 
pigment Muir and Young (1941) have shown that large amounts of hemosiderin 
may be deposited in the cells of the tubules as a result of a hemolysis insufficient 
in degree to cause hemoglobinuria, and they suggest that these deposits in the 
kidney in pernicious anemia are due to such a hemolysis Evidence in support of 
this view IS the presence of methemalbumen in the plasma (Fairley, 1941) There 
are insufficient adequate postmortem studies to compare the hemosiderin deposits 


Table i — Strum Btltrubtn Values 


Group 

Sex 

No 

Mean mg per 

100 ml 

S D 

C V 

Range 
mg per 
100 ml 

Normal* 

M & F 

ICO 

0 539 ± 0 02.47 

0 147 

45 9 

0 z-i 7 

Pernicious anemia in rclapscf 
Nutritional macrocytic anemia 

M & F 

1-7 

I 059 ± 0 1336 

0 694 

65 47 

0 4-2. 5 

untreated! 

M & F 

41- 

0 516 ± 0 0375 

0 2^3 

47 I 

0 i-i 0 

Hemolytic N M A § 

F pregnant 

37 

X 0 



07-41 

Tropical sprue || 

M &. F 

xo 

0 37 





* Vaughan, J M and Haslcwood, G A D Lancet / 133,1938 

t Wills, L iy consecutive cases seen at the Royal Free Hospital (unpublished) 

I Wills, L , and Evans, B Forty-two cases seen in Bombay, 1937-8 (unpublished) 

§Fairlej, N H et al 1938 Consecutive cases of Nutritional Macrocytic Anem a (hemoljtic 
t}pc)in pregnant women seen in Macedonia 

II Fairley, N H 1930 Tropical sprue 

SD = Standard deviation C V = Co-efficient of v ariation 

m complicated nutritional macrocytic anemia and sprue with those in pernicious 
anemia The size of the liver and spleen are of some interest in this connection 
In pernicious anemia both organs are commonly moderately enlarged and show the 
characteristic deposits of hemosiderin and may show areas of extra medullary 
blood formation, fatty changes are very marked in the liver In nutritional macro- 
cytic anemia the size of the liver and spleen appears to vary with the geographic 
locality and the malarial infection rate In Bombay, particularly in the male cases, 
these organs were rarely palpable and in the 2. postmortems the size of the organs 
was reduced, in one case the liver weighed only 630 grams and the spleen izo 
grams, both organs gave a positive Prussion blue reaction In some of the female 
patients both organs were )ust palpable In Calcutta, British Guiana and Mace- 
donia, all highly malarious areas, the findings differ markedly Napier (1941) using 
pregnant cases, reports “a very marked association ’ between splenomegaly and 
severe macrocytic anemia, and in 6 out of 44 cases the spleen was below the na\cl 
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In most of the eases with enlarged spleens the liver was also enlarged and there 
was a definite correlation between a raised Van den Bergh and enlargement of these 
organs There was also a strong suggestion that there is some association between 
a positive Wassermann reaction and a macrocytic anemia Giglioli (1934) found 
the spleen enlarged, generally to below the umbilicus, in 94 per cent of his cases of 
macrocytic anemia and associated in the majority of cases with a raised serum 
urobilin There was a marked positive correlation between the spleen and parasite 
rate and the incidence of the anemia, which suggests, he thinks, that chronic 
malarial infection is ' a factor of very considerable importance” in the etiology of 
nutritional macrocytic anemia In Macedonia the vast majority of the cases had 
grossly enlarged spleens 

In 7. cases of nutritional macrocytic anemia dying after parturition, postmortem 
examination (Balfour, 1917) showed very slightly enlarged spleens which, with 
the livers, gave a positive Prussian blue reaction In the x cases of hemolytic nutri- 
tional macrocytic anemia in pregnant women examined postmortem by Fairley 
and colleagues the liver was very enlarged in i case with nutmeg changes from 
heart failure, and moderately enlarged in the other, both livers showed marked 
hypertrophy of the reticulo-endothelial cells with swollen Kupffer cells, phagocy- 
tosis and proliferation in the sinusoidal system Malarial pigment was present in 
some of the Kupffer cells and hemosiderin in the liver cells, particularly in the 
outer zone of the lobules The spleen was enlarged and hard in both cases (xj and 
XX 7 ounces respectively) and showed a hyperactive reticulo-endothelial system 
with some malarial pigment in the cells and a reduction in the lymphoid tissue, 
the hemosiderin was less than in the liver The kidneys gave a negative Prussian 
blue reaction Mitra (1931) found similar changes in material from cases in Calcutta 
which were probably hemolytic, but in his cases there was a fatty degeneration of 
the central part of the lobule with extravasation of blood 

The other systems of particular interest arc the alimentary and nervous systems 
In all three conditions the tongue may show characteristic changes but these may 
be absent and are not specific, as very similar changes occur in microcytic anemia 
and in pellagra Abnormalities of the stomach and intestines may be present in all 
three diseases and are of fundamental importance in pernicious anemia Many 
workers, particularly Castle et al , (1935) have compared the gut changes in 
pernicious anemia and sprue” with those seen in pellagra and have stressed the 
atrophic tongue changes and the diarrhea, and the similar effect of treatment on 
these states in all three conditions The dramatic effect of folic acid on the in- 
testinal symptoms in pernicious anemia, nutritional macrocytic anemia and sprue 
also suggests that the lesions of the alimentary tract are similar in all three condi- 
tions But though this may be true of the final state of the fully developed disease, 
the basic pathology would appear to be different in the three entities The classic 
work of Magnus (1938) and Meulengracht (1939) has shown that the fundamental 
change in pernicious anemia is an atrophy, possibly genetic, of the mucosa of the 
fundus of the stomach and it is this lesion which appears to lead, by the production 
of an abnormal gastric juice, to a failure in the supplies of the liver factor or factors 
necessary for proper hemopoiesis and for the good health of the central nervous 
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system Jacobson (1939) would correlate the presence of similar hemopoietic 
properties to those of liver in dessicated stomach and small intestine to the presence 
of argentaffin cells, which are markedly reduced in pernicious anemia, both in the 
atrophic gastric mucosa and in the intestine The characteristic changes in the 
gastric mucosa seen in all true cases of pernicious anemia are absent from the gastric 
mucosa of monkeys suffering from nutritional macrocytic anemia (Magnus — from 
a study of our material — unpublished) so presumably they are also absent from the 
stomach in human nutritional macrocytic anemia The presence of free hydro- 
chloric acid in normal amounts would also suggest that the mucosa is undamaged 
Suitable material for the study of possible changes in the gut in nutritional macro- 
cytic anemia is not available but from analogy with animal material there is 
probably a thinning of the gut wall due to the general emaciation and little else 
in the small intestine Nonspecific ulceration of the large intestine was seen in one 
tropical case that came to postmortem (Wills, unpublished) The importance, in 
the examination of the intestines, of fixation immediately after death is well il- 
lustrated in the postmortem reports on cases of sprue In 192.9 Mackie and Fairley 
reported changes in the small intestine which they considered “begin as an in- 
flammation but pass on to degenerative changes” (Fairley, 1930) More recent work 
(Mackie and Fairley, 1934) on material fixed immediately after death has failed to 
reveal any pathologic change except slight congestion of the margins of the val- 
vulae connivents and these authorities consider that the changes in the gut which 
result in such profound metabolic disturbances are functional and not pathologic 
Hanes (1941) confirmed this absence of pathologic change, except extreme emacia- 
tion, in 4 fatal cases of sprue Koppisch (Suarez et al , 1947) reported the post- 
mortem findings in 16 cases of “sprue ’ in Puerto Rico He found evidence, but it 
may have been a postmortem artifact, of chronic gastritis in all but 3 cases and 
moderate atrophy of the gastric mucosa in half the cases Gastroscopic examination 
confirmed the presence of atrophy of the gastric mucosa (Rodnguez-Olleros, 1938, 
Hernandez- Morales, 1944), but Rodnguez-Olleros considers that this atrophy 
results from the disease and does not precede it, as the atrophy was only found in 
fully developed cases Hernandez-Morales found that after treatment the mucosa 
m many cases became normal again Koppisch also reported a definite shortening 
and blunting of the villi of the small intestines, with an associated increase in the 
number of plasma cells in the tunica propria in half the cases examined As in 
nutritional macrocytic anemia in monkeys and man, inflammation and nonspecific 
ulceration were found in the colon of the majority of the cases 

The nervous lesions of subacute combined degeneration of ihe cord, so char- 
acteristic of pernicious anemia, are rarely, if ever, seen in true tropical sprue or 
nutritional macrocytic anemia Peripheral neuritis may occur in all three conditions 
but is an inconstant finding due to an associated dietary deficiency in the vitamin 
B complex in the nutritional cases and probably to conditioned deficiency in the 
case of sprue 

Chemical examination of the gastric juice in the three conditions shows a com- 
plete and persistent histamine resistant achlorhydria associated with ach)lia and 
absence of the intrinsic factor in true pernicious anemia, in nutritional macrocytic 
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anemia and sprue the gastric acid vanes from hypcrchlorhydna to hypochlorhydria 
and achlorhydria, the last being more frequent in cases of sprue than in eases of 
nutritional macrocytic anemia The amount of intrinsic factor present in the gasttic 
juice of such eases is also variable, being absent in some cases of sprue (Castle et al , 
1935) and in certain cases of nutritional macrocytic anemia associated with pellagra 
(Moore et al , 1944) It has not been possible to test the gastric juice of cases of 
uncomplicated tropical nutritional macrocytic anemia, as no cases of true perni- 
cious anemia were available in Bombay for test purposes 

Various biochemical tests are now used for the diagnosis of sprue, the most 
important being the fat content of the stool, the fat absorption test and blood 
lipid curves and the oral glucose tolerance test It is doubtful whether any of these 
can be considered to give specific diagnostic results as similar findings to those 
usually obtained in sprue cases are also found in other conditions, such as multiple 
vitamin B complex deficiencies, but in conjunction with a typical history and 
clinical picture these tests can confirm the diagnosis In sprue the stools are typi- 
cally bulky, pale and fermenting, the color being commonly pale but dark colored 
stools being not uncommon (Black, 1945) The stools contain an excess of fat, the 
greater part of which is split Fat balance experiments show a decreased absorption 
and though after treatment the diarrhea may be controlled and the percentage of 
fat in the stools decreased, fat absorption is still defective and it may be some con- 
siderable time before it improves (Black et al , 1946, Davidson et al , 1947) In 
nutritional macrocytic anemia the stools frequently appear normal (Wills, un- 
published, Walters et al , 1947) Fairley and colleagues (1938) give figures showing 
a low fat content with normal ratio of split to unsplit fat Such values would be 
expected in most of the cases as poverty limits the fat intake A dietetic survey in 
Bombay among the families of patients with nutritional macrocytic anemia showed 
that the average daily consumption per adult was 45 Gm , of which w Gm was 
animal fat (Wills and Talpade, 1930) Cook (1944) and Chandhuri (1944) have 
described a spruelike condition in the civil population in India associated with 
macrocytic anemia and diarrhea but the diarrhea was watery and not fatty in both 
series Walters (1947) and Girdwood (Davidson et al , 1947) however, describe a 
steatorrhea in a deficiency syndrome resembling sprue in Indian soldiers In certain 
of these cases the diarrhea improved with nicotinic acid and in many sulphaguan- 
idine controlled it, suggesting an underlying infective condition (Marriott, 1945, 
Chandhuri and Chandhuri, 1944) 

The typical flat oral glucose curves that occur in sprue are not found in the un- 
complicated case of nutritional macrocytic anemia (Fairley et al , 1938) but in 
those cases associated with a spruelike syndrome flat curves are found in a few 
instances (Chandhuri and Chandhuri, 1944) 

Treatment 

Since the epoch making discovery of Minot and Murphy of the therapeutic 
activity of liver in pernicious anemia, treatment of this and other allied macrocytic 
anemias has involved the use of different liver extracts, with stomach preparations, 
and in the nutntional cases with various so-called sources of Castle s extrinsic 



LUCY WILI^ 


47 


factor But until recently, when the discovery of the hemopoietic activity of folic 
acid and its conjugated forms at last gave workers a chemically pure active sub- 
stance, no pure substance with similar activity was available, the various factors 
postulated in Castle s theory of the formation of the liver principle and the prin- 
ciple Itself having remained elusive This fact makes the interpretation of the 
activity or inactivity of different so-called purified preparations difficult, as varying 
doses mean varying amounts of substances other than the liver principle which, 
when massive doses are given, may be present in large enough amounts to be active 
This may explain certain of the contradictory results reported in the treatment of 
nutritional macrocytic anemia with some of the more highly purified extracts 

It IS not proposed to go into the vast literature on the therapeutic use of liver 
and stomach extracts and of folic acid but only to deal with those aspects of this 
work which have a bearing on the etiology of the three conditions under consider- 
ation In the early days of crude extracts, pernicious anemia, nutritional macrocytic 
anemia and the macrocytic anemia of sprue all responded well to liver preparations 
It was originally thought that nutritional macrocytic anemia was due to a lack 
of Castle’s ‘extrinsic” factor but doubt was thrown on this explanation when it 
was found that relatively purified extracts, known to be potent in cases of perni- 
cious anemia in relapse, were completely inactive in the same or larger doses in 
the nutritional macrocytic anemia of monkeys, though campolon, a very crude 
liver extract was active curatively in relatively small doses (Wills et al , 1937) 
This work was confirmed by the same authors (1938) in a series of cases of nutri- 
tional macrocytic anemia in Bombay, by Napier (1939) in Calcutta, though he 
found that large doses of the same “purified” extract as that used by Wills and co- 
workers was active curatively in a few cases, and by Giglioh in Central America 
(personal communication) Various workers in different parts of the world have 
shown that purified” extracts may be active in certain types of nutritional macro- 
cytic anemia, as for example that occurring as a complication of pellagra (Moore 
et al , 1944) and in enormous doses in the hemolytic type in women, particularly 
in pregnant women in Macedonia but not in men in the same area (Fairley et al , 
1938, Foy, 1939) Cases of nutritional macrocytic anemia also respond to marmite 
(autolysed yeast) and other so-called good sources of the extrinsic factor when 
given by mouth Recently Castle and co-workers (Watson and Castle, 1946) have 
shown that more than one type of nutritional macrocytic anemia occurs one that 
responds as pernicious anemia does to the highly purified liver extracts given 
parcnterally in normal doses, another that responds to an unknown factor, “Wills 
factor” as Castle calls it, present in crude liver extracts and yeast, given either 
orally or parenterally, but not to purified liver extracts given parenterally, and 
finally one that responds to purified liver extracts given parenterally when the 
dose is increased tenfold Such an enormous dose might contain sufficient Wills 
factor to produce a remission 

In spine the macrocytic anemia has been shown to respond to marmite by mouth, 
to crude liver extracts by mouth and parenterally and also in many cases to purified 
hvcr extracts parenterally A high protein diet increases the hemopoietic effect 

Finally folic acid has been shown to produce remarkable hemopoietic responses 
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in all three diseases In pernicious anemia folic acid, either parenterally or orally, 
induces in the vast majority of cases a maximal reticulocyte response followed by 
an immediate rise in the red and white cell counts The dose necessary to produce 
this effect is 5 to 10 mg daily or a single dose of 100 mg Jacobson (1947) by in- 
cubating folic acid with the enzyme xanthoptcrase, has thereby enormously en- 
hanced the hemopoietic activity of the folic acid, and he suggests that by this 
means folic acid has either been converted into Castle liver principle itself or into 
another compound with great hemopoietic activity It is of interest in this con- 
nection to note that both the cases of pernicious anemia treated with the incubated 
material showed a steady rise in the red cell count and hemoglobin percentage to 
normal levels, the count reaching the 5 o million level and the hemoglobin a 
corresponding one This is in contrast to most workers’ experience with folic 
acid, they find that often, after an excellent initial response, it is impossible, even 
with increasing doses, to get or maintain the blood at really optimal levels (Wil- 
kinson, 1947, Davidson and Girdwood, 1947, Goldsmith, 1947, Meyer, 1947) 
Folic acid produces in all three of the anemias under consideration an immediate 
sense of well-being, of the same order as that produced by an active liver extract 
But again in the treatment of nutritional macrocytic anemia the blood fails to 
reach normal values and macrocytosis persists, this is particularly so in cases of 
nutritional macrocytic anemia with diarrhea and also in cases of sprue, though 
the general clinical improvement is remarkable (Davidson ct al , 1947, Morrison 
and Johnston, 1947, Suarez et al , 1947) It also has a miraculous effect in control- 
ling the diarrhea of sprue and nutritional macrocytic anemia, though analyses 
have shown that in spite of the steatorrhea being decreased there is no immediate 
alteration in fat absorption (Suarez, Spies and Suarez, 1947, Davidson et al , 1947, 
personal cases) 

In contrast to the general dramatic improvement is the complete ineffectiveness 
of folic acid treatment in arresting or preventing the development of symptoms 
of subacute combined degeneration (Spies and Stone, 1947, Wilkinson, 1947) The 
significance of these findings will be reviewed in the discussion on etiology of 
these three diseases 

In brief It can be said that pernicious anemia, including the symptoms of subacute 
combined degeneration can be successfully treated and health maintained with 
crude or purified liver extracts given parenterally or orally and proteolysed liver 
extract by mouth, by different preparations of hog’s stomach by mouth and by 
digests of beef muscle or autolysed yeast with normal human gastric juice Folic 
acid and its conjugated forms (Spies et al , 1947) produces a remission, which is 
often suboptimal, of the hematologic symptoms, an immediate sense of well-being 
but no effect on the nervous symptoms, the hematologic effect is said to be enhanced 
by incubation with xanthoptcrase 

Nutritional macrocytic anemia, both the nonhemolytic and hemolytic types 
seen in endemic form in many tropical countries, responds to crude liver extracts 
parenterally or by mouth and to autolysed yeast extracts (Wills, 1938, Napier, 
1939) Relapses do not take place after cessation of treatment if the diet is im- 
proved Folic acid has, in the few cases reported, the same action as in pernicious 
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anemia (das Gupta and Chatterjee, 1946) * The hemolytic type seen m Macedonia 
IS very resistant to treatment but some cases respond to enormous doses of both 
etude and purified liver extracts and to very large oral doses of marmite (Fairley 
et al , 1938, Foy and Kondi, 1939) 

The treatment of sprue has been studied by Fairley (1936) in cases largely from 
India and the Far East, by a group of workers in Cuba and Puerto Rico (Spies 
et al , 1946-47) and by the service authorities in India and the Far East where the 
disease was of relatively rapid onset (Lcishman, 1945, Maegraith et al , 1945, 
Keele and Bound, 1946) All agree that for optimal improvement a high protein 
diet with liver extract or folic acid arc required In the critically ill, blood trans- 
fusion may be necessary and in the service cases sulphaguanidine often controlled 
the diarrhea The high protein diet leads to an improved nutrition, as the absorp- 
tion of protein docs not appear to be affected 

Pathogenesis and Discussion 

Our present knowledge of the three clinical entities described supports, in the 
author’s opinion, the view that they are three distinct separate diseases, with 
essentially different natural histones and pathological pictures It is now proposed 
to discuss the evidence for this belief in the light of the facts set out in the previous 
paragraphs Authorities will not be quoted when they have already been given 
It is proposed to limit this discussion to the classic conditions as generally under- 
stood Pernicious anemia is a well recognized disease in which a persistent achylia 
gastrica is a diagnostic feature The title nutritional macrocytic anemia is limited 
to the disease as seen in endemic areas but will include sporadic cases occurring in 
other parts of the world, but to simplify the discussion the sporadic cases of ‘ ‘perni- 
cious” or ‘macrocytic” anemia of pregnancy will not be considered, as it is felt 
that this group probably includes several different entities Tropical sprue is less 
well defined and recent experience in the services has led to the inclusion under 
this title of certain relatively acute conditions closely resembling sprue, but not 
yet sufficiently worked out to be definitely included under the title of tropical 
sprue,” which for the purposes of this discussion will be limited to the classic 
disease as described by workers from Hillary in 1759 to Fairley in 1938 The service 
cases and ‘sprue” as seen in Puerto Rico will be discussed in relation to the classic 
picture 

A consideration of the geographic, ethnic, and social distribution of these three 
diseases leads to the conclusion that they are three separate entities Pernicious 
anemia is afamihal disease of persons of European descent, with certain very defimte 
genetic characteristics, the distribution of the disease corresponding to that of the 
racial' groups affected, chiefly fair and Nordic peoples Individuals of all classes 
are affected In marked contrast is the distribution of nutritional macrocytic 
anemia This disease occurs mainly in tropical and subtropical lands, but the 

Since the writing of this paper, Kemp CLancct a 351, 1947) has reported 3 cases of nutritional macro 
cytic anemia who showed remarkable improvement with folic acid but were not studied long enough 
to show whether the blood level would have reached completely normal values and whether the macro- 
cytosis, still present with red cell counts at the 4 million level, would have disappeared 
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distribution is associated with poverty, a low calory, largely or entirely vegetarian 
diet, with pregnancy and lactation and also with certain diseases such as syphilis 
and particularly chronic malaria, which result in a hypertrophied reticulo-endo- 
thelial system It also occurred in vegetarian Indian troops under the stress of 
service conditions and in Indian prisoners of war An anemia considered the animal 
counterpart of the human disease can be produced in monkeys by feeding with a 
diet based on one in common use among sufferers from this disease Pregnancy and 
lactation arc known to increase the maternal requirements and these conditions 
will convert a latent deficiency into an overt one The relation of chronic malaria 
to this anemia will be discussed later These findings strongly suggest a direct 
nutritional origin, in other words that this anemia is an unconditioned deficiency 
state The fact that this anemic syndrome is often associated with other symptoms 
including diarrhea, often watery but sometimes fatty, referable to a vitamin B: 
deficiency supports the view that the anemia is a deficiency state The geographic, 
ethnic, and social distribution of tropical sprue presents a much more difficult 
problem Classic sprue has generally a gradual onset and is associated with resi- 
dence in a warm climate but affects Europeans rather than pure Indians or Negroes 
The nature of the illness, which is generally afebrile throughout, throws little 
light on the etiology but the result of treatment suggests a deficiency state Though 
this certainly exists in the fully developed syndrome there is little evidence for a 
nutritional origin for the altered intestinal absorption which conditions the 
deficiency A more detailed examination of the distribution of the condition, the 
heavy incidence in certain areas in the large endemic zones and even in certain 
houses, combined with the fact that very many sprue patients come from the ranks 
of the well-fed, suggests a possible infective agent as the primary cause but this is 
purely conjectural A consideration of the outbreaks of acute sprue in the service 
IS of interest in this connection, though further study is necessary before these can 
be definitely considered the same clinical entity as classic tropical’ sprue Sprue 
in service personnel showed the same concentration in certain districts and some- 
times in certain camps, explosive outbreaks which assumed epidemic proportions 
in certain areas also occurred Leishman (1945) reports from Chittagong that nine 
separate units were affected, some with a 50 per cent attack rate and one RAF 
unit had 10 per cent of its personnel down with diarrhea three weeks after its 
arrival in India, which diarrhea rapidly turned to the sprue syndrome These 
findings are very strongly suggestive of an infective origin for this type of sprue 
A study of the pathologic and biochemical findings in these diseases supports 
this idea of their essential individuality The pertinent findings in pernicious 
anemia are the atrophic changes in the fundus and cardia of the stomach, with its 
associated achylia gastrica, the increased plasma bilirubin, the presence of methe- 
malbumen in the plasma, the distribution of iron in the tissues and other evidence 
of a hemolytic factor in the anemia and the changes in the central nervous system 
characteristic of subacute combined degeneration of the cord The atrophy of the 
gastric mucosa would appear to be the basic defect, it involves all the coats of the 
stomach wall and results in a complete histamine resistant achlorhydria and an 
associated achylia There is no evidence of preceding inflammatory processes and 
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Magnus (1938) thinks the evidence points to the change being the final stage of an 
atrophic process, the cause of which is unknown but might be ‘ the end result of 
some endocrine or nutritional deficiency or might even be congenital in origin ” 
The evidence for the genetic factor is the familial and racial incidence and the lack 
of any indications of an infective, nutritional or endocrine origin Idiopathic hypo- 
chromic anemia, an iron deficiency anemia associated with achylia gastrica also 
occurs in families subject to pernicious anemia (^Wintrobe and Beebe, 1933) In 
sprue an atrophy of the gastric mucosa has been reported by the Puerto Rico 
workers but the evidence points to it being secondary to the disease, as it occurs 
only in the fully developed syndrome Mackie and Fairley, from a study of specially 
fixed material, report a normal mucosa In the nutritional macrocytic anemia of 
monkeys there is no significant change in the gastric mucosa and presumably the 
mucosa is normal in the corresponding human conditions Test meal findings con- 
firm the essential normality of the gastric mucosa in most cases of sprue and nutri- 
tional macrocytic anemia The defect in the gastric mucosa seen in pernicious 
anemia according to Castle's w'ell known theory produces a lack of his intrinsic 
factor, a substance with enzymic properties, and it is this deficiency that leads to 
the failure of the formation of the liver principle Castle’s work has shown the 
mode of action of this intrinsic factor, but neither it nor the extrinsic factor have 
been isolated, any more than the liver principle itself 
This defect in the gastric secretion, with its interference with the formation of 
the liver principle and possibly with another principle essential for the proper 
functioning of the nervous sy^stem, appears to be the basic lesion in pernicious 
anemia, but unless we accept the view that a certain variable time is necessary for 
the postulated genetic factor to bring about this gastric atrophy it is necessary to 
look further for a factor producing this atrophy, from the evidence it seems that 
there is little to suggest an inflammatory one This same time factor in the develop- 
ment of the symptoms of pernicious anemia appears to operate in those cases which 
develop the disease after total gastrectomy, a period as long as ten to fifteen years 
occurring between the time of operation and the time of development of symptoms 
(Meyer et al , 1941) This time lag is also unexplained In this connection Rhoads’s 
C^933) experiments on the production of a syndrome resembling pernicious anemia 
m hogs by feeding modified black tongue diets are of interest The deficiency not 
only produced tongue changes, a macrocytic anemia and nerve lesions, but a 
histamine resistant achlorhydria, this syndrome, though it resembled that of 
pernicious anemia, differs from it in that the gastric changes are reversible and the 
condition could be cured, whereas in true pernicious anemia replacement therapy 
IS always necessary, the primary lesion being irreversible 
Another experiment of interest in this connection is that of Petri (1944) and 
co-workers, these authors have shown in experiments on dogs and swine that 
total gastrectomy produces signs of pellagra, due apparently to interference with 
absorption of nicotinic acid Furthermore the livers from such pigs were ineffective 
in the treatment of pernicious anemia However, nicotinic acid by the parenteral 
route compensated in these animals for the absence of gastric secretion, the livers 
from gastrectomized pigs receiving parenteral mcotimc acid being fully effective 
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m pernicious anemia in relapse This experiment indicates one of the factors that 
may influence the formation of the liver principle and may explain the pathogenesis 
of those macrocytic anemias which respond to nicotinic acid (Cook, 1944) 

The hemolytic process seen in pernicious anemia is of great importance both in 
a consideration of the essential pathology of the disease and in considering its 
relationship to nutritional macrocytic anemia and sprue There is little to explain 
the increased serum bilirubin and other evidence of increased red cell destruction 
except that it ceases under appropriate treatment with liver, hog’s stomach or 
folic acid and might, therefore, be thought to be due to the nature of the macro- 
cytes There is, however, no increased fragility of the red cells and no hemolysis 
has been demonstrated in the blood stream but there is evidence of active phago- 
cytosis of the red cells in the rcticulo-cndothelial cells of the bone marrow, liver 
and spleen, which might account for some of the increased bilirubin in the circula- 
tion But the presence of mcthemalbuminemia and a positive Schumm test would 
suggest some additional intravascular hemolysis (Fairley, 1941) With certain 
exceptions already mentioned, there is no evidence of hemolysis in either nutri- 
tional macrocytic anemia or sprue and as the megaloblastic reaction is generally 
considered identical in all these anemias, it is unlikely that the hemolysis in 
pernicious anemia is due entirely to the nature of the cell It would appear more 
likely that it is due to an association of an overactive reticulo-cndothelial system 
with abnormal cells, though the cause of this hypothetical increased activity is 
unknown The evidence of increased hemolysis seen in cases of nutritional macro- 
cytic anemia occurring in areas of endemic malaria supports this view 
Tropical sprue is a dramatic disease in which spectacular pathologic changes in 
the tissues might be expected but postmortem examinations have failed to reveal 
any anatomic changes except those in the bone marrow and those of extreme inani- 
tion, the loss of fat and shrunken organs There are no lesions of the nervous 
system as in pernicious anemia Histologic examination of material from the 
gastrointestinal tract fixed immediately after death has shown essentially normal 
structures The changes in the gut are functional and not anatomic In a brilliant 
review of recent work Stannus (i94z) has marshalled the evidence for a failure of 
phosphorylation of fatty acids, glycerol and glucose being the basic lesion, the 
point of functional breakdown There is much evidence in support of this view 
Maegraith and colleagues (1945) have shown in cases of spruelike conditions that 
in the active phase the absorption of glucose is grossly impaired though that of 
fructose is not, suggesting that there is an impairment of phosphorylation of 
glucose, although the diffusion of sugars across the membrane is unaffected Leish- 
man (1945) suggests that the vitamins riboflavin and nicotinic acid are concerned 
m this process of phosphorylation, in their phosphorylated forms as co-enzyme I 
and yellow oxidase they take part in cellular metabolism, acting as H acceptors or 
rejectors and Lcishman thinks it is possible that they may catalyse the process of 
phosphorylation It is possible that some other member of the vitamin Bz complex 
takes part in this process But if the failure in phosphorylation is due to deficiency 
of any B vitamin how does this deficiency arise in well-fed people and why did it 
not occur among prisoners of war in Japanese hands, who suffered so badly from 
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deficiencies of these vitamins Lcishman points out in this connection that the B 
vitamins are synthesized in very appreciable amounts in the gut, and that a change 
of diet or dysentery might alter the balance of the intestinal flora and hence of 
vitamin synthesis Work along these lines might be illuminating 

Pathologic and biochemical observations throw little light on the essential 
pathology in nutritional macrocytic anemia As in pernicious anemia and sprue 
the hemopoietic organs show the changes characteristic of a macrocytic anemia 
but both in nutritional macrocytic anemia and in sprue the bone marrow from the 
tibia (the bone examined) may show gelatinous changes as well as the extension 
of the red marrow characteristic of pernicious anemia Beyond these changes and 
those due to inanition there are no obvious pathologic lesions Magnus has shown 
the presence of a normal gastric mucosa in material from monkeys suffering from 
nutritional macrocytic anemia In man the gastric acidity and the blood sugar levels 
after oral glucose fall within normal limits There is no evidence of increased 
hemolysis, except in areas with a high incidence of malaria Fairley and Foy have 
given detailed accounts of this type in which the increased serum bilirubin values, 
a positive Schumm test, the increased urobilin output, the yellow color of skin 
and body fat arc all indications of an increased hemolysis The spleen is enormously 
increased in size, frequently the liver also and postmortem material has shown a 
hyperactive reticulo-endothclial system Fairley sums up the picture thus “A 
reticulo-endothelial system irritated, activated and hypertrophied as a result of 
repeated malarial infections, phagocytoses these non-parasitized, abnormal cor- 
puscles in considerable numbers, producing a haemolytic anaemia ” The corpuscles 
are abnormal macrocytes, the result apparently of a marrow rendered megaloblastic 
by a deficiency of the same nature as chat operation in uncomplicated nutritional 
macrocytic anenua 

It has been suggested in the preceding paragraphs that these three diseases all 
exhibiting an apparently identical panhemopoietic dystrophy are distinct clinical 
entities It can be postulated that this dyshemopoietic anemia probably results 
from the breakdown of some intracellular enzyme system in which the liver prin- 
ciple plays an important part The relation of folic acid to this system still awaits 
solution but the fact that it has such remarkable, if limited, hemopoietic activity 
in all three conditions, as well as a dramatic effect on the well-being of the patient 
and on diarrhea if present, shows that it plays an all important role in rectifying 
the faulty cellular metabolism The liver principle is active curatively in pernicious 
anemia but does not seem to be the missing factor in nutritional macrocytic anemia 
as It has been shown to be inactive in this anemia in man and monkeys in doses 
equivalent to or greater than those giving maximal responses in cases of pernicious 
anemia with similar initial blood levels That this factor, ‘ Wills’ factor ’ as 
Castle calls it, is not Castle s extrinsic factor follows from the fact that the liver 
principle” in purified preparations is inactive m nutritional macrocytic anenua 
Recent work on the relationship of folic acid to vitanun M deficiency in monkeys 
(Day, et al , 1945 and 1946, Wilson, et al , 1946) suggests that possibly folic acid 
IS the missing factor It is possible that ‘ Wills’ factor” is an activator or co- 
enzyme in an enzyme system m which the liver principle plays the important part 
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Other factors may also be concerned and a dehcicnc) in any one of these might 
produce a similar failure in the function of the liver principle 

Finally it is intere-sting to consider these three entities from the point of view 
of preventive medicine If a genetic defect is the ultimate cause of pernicious 
anemia then only selective breeding, at present a Utopian and risky measure, can 
eradicate it If, as seems highly probable, nutritional macrocytic anemia is a 
dcficicnc) disease due to a lack in the diet of some factor associated with good 
biologic protein, then improved economic conditions with the improved diet that 
always goes with them should eradicate the disease, except in those cases where 
religion limits the diet when only a new revelation can assist But the problem 
of sprue awaits further work, as until we know the nature of the original cause of 
the intestinal breakdown it is impossible to take prevent! v'e measures 

Summary 

The following tentative conclusions as to the relationship of pernicious anemia, 
nutritional macrocytic anemia and tropical sprue to one another and their patho- 
genesis are drawn from a study of the literature and from unpublished work 

I That these three clinical conditions are three distinct entities possessing a 
common characteristic in the presence of a panhcmopoietic dystrophy characterized 
by a megaloblastic erythropoicsis and corresponding changes in the myeloid cells 
and platelets 

7 . That this panhcmopoietic dystrophy possibly results from the breakdown of 
an intracellular enzyme system but that the deficiencies causing the breakdown 
differ, in pernicious anemia the liver principle is apparently at fault, in endemic 
nutritional macrocytic anemia another unidentified factor is missing, in sprue 
either or both may be at fault 

3 Folic acid is active therapeutically in all three diseases, but in all it generally 
fails to restore completely normal blood levels 

4 Pernicious anemia is probably due to a genetic defect which produces an 
atrophy of the gastric mucosa As a consequence of this interference with gastric 
function there is a failure in the formation or absorption of the liver factor and 
possibly of another neurotrophic factor, which failure results in the development 
of a macrocytic megaloblastic anemia and the characteristic changes in the nervous 
system Indefinite replacement therapy is necessary as the changes in the gastric 
mucosa are irreversible The cause of the increased hemolysis is unknown 

5 Endermc nutritional macrocytic anemia is an unconditioned food deficiency, 
the deficiency being in a factor other than the liver principle, possibly a co-enzyme 
present in or associated with good biologic protein and the vitamin Bz complex 
There are no characteristic pathologic changes except those of the hemopoietic 
organs which are not specific to the disease A hemolytic type of the disease occurs 
in areas of high malarial incidence After successful treatment the disease does not 
relapse if the diet is satisfactory Pregnant women are particularly liable to develop 
the disease 

6 Tropical sprue is due to a functional disorder of the intestine, possibly pri- 
marily a failure in phosphorylation of fatty acids, glycerol and glucose Diarrhea 
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With characteristic stools and a macrocytic anemia are characteristic findings The 
macrocytic anemia may be due to a failure m absorption of one or more essential 
hemopoietic factors or to a lack of Castle’s intrinsic factor The cause of the func- 
tional breakdown is unknown Treatment is with a high protein diet and liver 
extracts Relapses are common 

My thanks are due to my colleagues for carrying on my work while I wrote 
this paper 
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THE RELATION OF THERAPY IN PERNICIOUS ANEMIA TO CHANGES 
IN THE NERVOUS SYSTEM EARLY AND LATE RESULTS IN A 
SERIES OF CASES OBSERVED FOR PERIODS OF NOT LESS 
THAN TEN YEARS, AND EARLY RESULTS OF 
TREATMENT WITH FOLIC ACID 

By Frank H Bethell, M D , and Cyrus C Sturgis, M D 

T he FREQUENT occurrence of nervous system involvement in pernicious 
anemia, the characteristic localization of the lesions in the spinal cord, and 
the extension of the process before specific treatment became available, suggested 
to early observers a common cause of, or a cause and effect relationship between, 
the hematologic and neurologic manifestations of this disease However, the 
absence of combined system degeneration or even peripheral neuropathy in many 
cases of pernicious anemia and the complete dissociation of the severity of the 
neurologic and hematologic features are not satisfactorily explained by these 
concepts With the general acceptance of Castle’s hypothesis of a conditioned 
metabolic deficiency as the basic mechanism responsible for the pernicious anemia 
syndrome the view was often expressed that the changes in the hematopoietic 
and nervous systems resulted from distinct deficiencies which, in turn, probably 
depended upon a primary defect in gastric function Evidence for the existence of 
such separate deficiencies was difficult to obtain because of the lack of exact in- 
formation pertaining to any of the metabolic factors involved 
When effective treatment of pernicious anemia was introduced by Minot and 
Murphy, the importance of evaluating the new therapy in the control of combined 
system degeneration was at once recognized Over the past two decades many 
clinical reports bearing on this problem have been published, and an extensive 
review of the literature is not pertinent to the present communication The diver- 
sity of results and conflict of opinions which characterized the earlier experiences 
with liver and stomach therapy have been largely explained as due to differences 
m the conditions of observation and in the amount and potency of the medications 
employed and the modes of their administration It is now the concensus of most 
observers that with individualized optimal therapy the progress of disease of the 
spinal cord can be arrested in every patient with pernicious anemia unless serious 
complications are present, that the probability of improvement of the neurologic 
status and the extent of the benefit which may be expected are inversely related 
to the duration of the process at the time of institution of therapy, that the period 
during which improvement may be anticipated is largely limited to the first few 
months after commencement of intensive treatment 
The regular administration by the intramuscular route of potent liver extract in 
doses adjusted to the needs of the individual, controlled by periodic clinical and 
hematologic evaluation, is almost a guarantee against further nervous system 

From the Thomas Henry Simpson Memorial Institute for Medical Research, and the Department of 
fnternal Medicine, University of Michigan, Ann Arbor, Michigan 
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damage Such an ideal therapeutic regimen, however, is not employed m the 
actual management of many cases of pernicious anemia Particularly is this true 
of those patients who live at a distance from their physicians, those who change 
physicians, and those who are seriously influenced by economic considerations 
It therefore becomes important to evaluate the results of therapy over a long 
period of time in a senes of eases presenting varied manifestations of the disease 
and differing with respect to type and amount of therapy received It is well recog- 
nized that patients with previously active neuropathies who discontinue treat- 
ment, or those whose therapy becomes so inadequate as to permit development of 
pronounced anemia, almost invariably suffer reactivation of their neurologic 
process It is also true, although less commonly observed, that patients without 
previous evidence of nervous system involvement may acquire neurologic manifest- 
ations after omission or gross inadequacy of anti-pernicious anemia therapy It 
may not be so easy, however, to demonstrate a close relationship in all cases 
between the progress of disease of the nervous system and continued or recurrent 
suboptimal therapy, as evidenced by relativ'cly slight disturbances of erythrocyte 
values 

The 70 patients comprising the first senes to be reported have all been under 
observation at the Simpson Memorial Institute for ten years or longer When seen 
initially they were in hematologic relapse and had received no effective antianemia 
therapy for at least several months prior to their first examination Fifty-eight of 
the patients were previously undiagnosed and untreated The diagnosis was 
established by the clinical and hematologic features characteristic of pernicious 
anemia, by the absence of other demonstrable conditions associated with macro- 
cytic anemia, by the invariable presence of histamine refractory achlorhydria, and 
by the therapeutic response in every instance to the administration of potent anti- 
pernicious anemia medication The neurologic status was evaluated and the cases 
were classified on the basis of objective as well as subjective evidence of involve- 
ment of the peripheral nerves and posterior columns, or of the posterior and lateral 
columns, of the spinal cord Although the distinction between evidence of peri- 
pheral neuropathy, posterior column disease only, and combined system degenera- 
tion IS useful as an indication of the severity of the process and in the interpretation 
of therapeutic results, such a separation is by no means an exact one The extent 
of the process in each patient was graded primarily on the basis of peripheral 
nerve and posterior column involvement as one plus to four plus, indicating, in 
order of increasing severity i plus, diminution of vibratory sense and altered 
reflexes in the lower extremities with paresthesia, but without significant dis- 
ability, 7. plus, loss of vibratory sense and impairment of sense of motion and 
position in the distal portions of the lower extremities, with mild ataxia, 3 plus, 
complete loss of vibratory sense in the lower extremities with moderate to severe 
ataxia, 4 plus, ataxic or spastic paraplegia with inability to stand unassisted, 
sometimes associated with sphincter disturbances Evidences of improvement were 
likewise graded arbitrarily on a plus basis, according to which 4 plus signifies 
complete disappearance of all subjective and objective manifestations Evaluation 
of degrees of improvement less than complete recovery is dependent upon the 
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extent of the pre-existing disease and so cannot be defined in terms applicable to 
all patients In general, improvement of 3 plus indicates freedom from serious 
disability with persistence of some paresthesia, and with slight to moderate ataxia 
in patients who had had the more severe forms of neural involvement Much of 
the improvement of these patients may be attributed to recovery from peripheral 
neuropathy, with education of new muscle groups and adaptation to altered pro- 
prioceptive pathways playing important parts However, the greatly superior 
results of therapy in patients, often with extensive disease, whose neurologic 
manifestations were of short duration, suggests that in the early stages of spinal 
cord involvement, nerve recovery may occur ' 

The demonstration of unequivocal peripheral nerve changes in pernicious ane- 
mia-“^ explains the transient and fluctuating paresthesias which occur so fre- 
quently in this condition Peripheral neuritis is probably always present during the 
active periods of combined system disease and it may occur in the absence of con- 
vincing evidence of spinal cord involvement Patients whose sole neurologic 
complaint was variable paresthesia or tenderness in the extremities without 
demonstrable deep sensory disturbances were not considered to suffer from signifi- 
cant disease of the nervous system Evidence of some degree of cerebral involvement 
was fairly common among the members of this series Yet the multiplicity of 
factors which may have contributed to the production of mental changes in these 
patients, including anemia, malnutrition, and degenerative vascular disease, and 
the difficulties involved in comparative measurements on a group of advancing 
age, render the precise consideration of the mental status of doubtful significance 
in the evaluation of long-term therapeutic results 
Several types of therapy were employed in the initial management of these 
patients Some of them were among the first cases of pernicious anemia to receive 
the benefits of the liver diet A considerable number were seen before parenteral 
liver extracts became available During the years there has been a tendency to 
substitute refined and concentrated preparations of liver extract for the cruder less 
potent parenteral extracts and for oral products Nevertheless, a number of pa- 
tients, largely for reasons of personal choice, have continued to take oral liver 
extract or desiccated stomach or the cruder parenteral liver extracts It thus be- 
comes possible to compare the effects of different kinds of therapy with respect 
both to initial responses and to the neurologic status after a long period of time 
Moreover, the information afforded by this analysis may be used in the evaluation 
of results obtained with new types of antianemia medication In this connection, 
a small series of patients treated with folic acid will be reported with particular 
reference to changes in the nervous system 
Of the 70 cases under observation for ten years or longer, there were 45 males and 
2-5 females, giving percentages, respectively, of 64 3 and 357 This is a somewhat 
higher proportion of males than is found in our entire series of over 1,000 cases of 
peinicious anemia seen at the Simpson Memorial Institute, in which the percentage 
of males IS approximately 55 The average age of the patients at the time of diag- 
nosis of their disease was 538 years, and the age distribution for the two sexes was 
approximately the same The youngest member of the series was 35 and the oldest 
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was 68 The lower age range of these patients as compared to that generally re- 
ported for pernicious anemia is, of course, explained by the fact that they were all 
followed for at least ten years after the diagnosis was made The average length 
of the observation period in the c isc of the males was 134 years and for the females 
was 13 3 years 

Objective manifestations of disease of the nervous system were present in 67 i 
per cent of the patients in this group Serious disability on a neurogenic basis was 
present in 15 7 per cent, but only 4 patients, or 5 7 per cent, were unable to stand 
or walk without assistance It should be pointed out that the low incidence of 
extremely severe central nervous system disease in this senes may be accounted for 
by the fact that the commonest causes of death in pernicious anemia arc the com- 
plications of spinal cord involvement ^ It is of interest, however, that, in some 
cases, such fatal complications maybe prevented for an apparently indefinite period, 
even though serious disability has been present for a relatively long time before 
treatment is instituted Although the incidence of neuropathy is approximately the 


Table i — Extent oj Henrologtc Mantfestattons when First Seen 



Number of cases 


XIales 

Females 

Total, both seics 

None ( 0 ) 


1 

9 

3-3 

Slight C+) 

10 

I 

i 

Moderate C+d") 

17 

8 

' 3.5 

Severe (-b-b-b) 

3 

4 

7 

Very severe (-b + + 4-) 

1 

3 

4 

Total 

45 

3-5 

70 


same for the men and women of this senes, the latter tended to have manifestations 
of more severe involvement when first seen (table i) Nevertheless, the differences 
are not sufficiently great and the number of cases is too small to warrant separate 
consideration of the sexes with respect to the long term course of their disease 

The changes in the neurologic status may be correlated with the duration of 
symptoms referable to the nervous system before institution of therapy (table x) 
and with the type of treatment given (table 3) Of special significance for the 
purposes of this study is the correlation of the long term results with the adequacy 
of therapy (table 4) 

The better outlook for improvement in neural manifestations when these arc of 
short duration was first pointed out by Unglcy and Suzman in 19x9,^ has been noted 
by numerous observers, and recently was re-emphasized by Rundles ® The results 
of treatment of the patients in this series fully support this view, but in addition 
they indicate that even when symptoms have been present for longer than twelve 
months a considerable degree of improvement will occur in most cases (table x) 

Improvement in the neurologic status was essentially limited, in all cases, to the 
first year of treatment, and in fact most functional recovery took place during the 
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Tadle X — Tic Maximum Extent of Cltntcal Improvement in Neurologic Manifestations During Period of 
Adequate Therapy Related to the Duration of Neurologic Symptoms Before Treatment Was Begun 


Degree of improscmcnt 

Number of cases 

Symptoms present 
for less than 

3 months 

Symptoms present 
for 3 to 12 months 

Symptoms present 
for longer than 

12 months 

Extent of neuropath\ 

+ to ++ 

+++ to 
++++ 

+ to ++ 

+++ to 
++++ 

+ to -(-+ 

+4-+ to 
++++ 

None(o) 

0 

0 

I 

0 

I 

0 

Slight (+) 

0 

I 

0 

I 

' I 

0 

Moderate (+ + ) 

0 

0 

4 

3 

4 

6 

Marked 

II 

z 

6 

0 

z 

0 

Complete recovery C+ + + + ) 

3 

0 

I 

0 

0 

0 


Table 3 — The Maximum Extent oj Clinical Improvement in Neurologic Manifestations Related to the Type 
of Therapy Employed During Period in Which Improvement Occurred 


Degree of improiement 

1 

Number of cases 

Desiccated 

stomach 

i Oral whole liver 

1 and Iner extract 

Parenteral crude 
li\er extract 

Parenteral refined 
liver extract 

Extent of neuropath\ 

+ to 

+4-+ 1 
to 1 

++++ 

+ to 
+4* 

1 

to 1 

++++ 

+ to 
++ 

+++ 

to 

++++ 

4" to 
4-4- 

+++ 

to 

++++ 

None ( 0 ) 

I 

0 

0 1 

0 

I 

0 

0 

0 

Slight (+) 

0 

I 

I 

0 

1 

0 

0 

0 

Moderate C+ + ) 

4 

z 

I 

z 

4 

4 

0 

0 

Marked (+4- + ) 

5 

0 

4 

0 

9 

z 

z 

0 

Complete recovery C+ + + + ) 

I 

0 

1 

0 

I 

0 

0 

0 


Table 4 — The Neurologic Status After not Less then Ten Years of Observation and Therapy The Long Term 
Results Related to the Initial Severity of the Neuropathy and the Adequacy of Treatment as Measured by the 

Maintenance of Normal Hematologic Values 


Number of cases 


Extent of neuropathy 

Optimal therapy 

Suboptimal therapy 
without definite relapses I 

Clinical and hematologic 
relapses 

Q 

Ah 


+ 

++ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

P 

0 

+ 

++ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

P 

Ad 

0 

+ 

++^ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

None 

0 

1 

10 





0 

6 






4 

7 



— 

— 

— 

Slight and Moderate 




1 









1 






(+to+ + ) 

0 

I 

I 

5 

8 

I 

0 

I 

I 1 

I 1 

4 

I 

I 

I 

0 

z 

3 

I 

Severe and very severe 



















C+++ to + + ++) 

0 

0 

I 

7 

z 

0 

0 

i 

0 

0 

I 

0 

0 

0 

0 

0 

0 

0 

0 


^ D signifies neurologic manifestations progressed in severity or developed during observation 
° Signifies neurologic status remained essentially unchanged 

signifies absence of ncuropathi , hence, no room for improvement in the disease process 
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first SIX months The results are about equal for the different types of therapy 
employed, including desiccated stomach, whole cooked liver or oral liver extract, 
and parenteral crude liver extract, usually given intravenously (table 3) Because 
the more refined and concentrated liver extracts were not available when most of 
the patients were first seen, only x cases treated initially with such preparations 
are included in this scries However, for the past decade, refined liver extract 
given intramuscularly has been employed in the management of most of our new 
cases of pernicious anemia, and the results have been fully equal to those obtained 
with oral preparations and parentcrally administered crude extracts Some of 
these eases have been included in previous reports ^ No patients who received 
optimal therapy, regardless of type, suffered exacerbation of their neurologic mani- 
festations 

In this senes, there was no apparent difference over a long period of time, with 
respect to changes in the neurologic status, between those patients who received 
the recommended amount of therapy and whose blood values were consistently 
within normal limits, and those in whom treatment was irregular or was inade- 
quate as judged by variations in erythrocyte count or morphology (table 4) In 
neither group was development of nervous system disease observed in patients who 
presented no manifestations of neurologic involvement when therapy was first 
instituted The incidence and degree of improvement was about the same in the 
two groups However, these observations require comment, and the conclusion 
that irregular or suboptimal therapy provides a safeguard against development of 
nervous system disease is not justifiable In the first place, all of the patients re- 
ceived intensive initial therapy with apparent complete arrest of spinal cord de- 
generation In the second, the fact that these patients returned frequently over a 
period of many years is evidence that they were cognizant of the importance of 
adequate follow-up examination and treatment, even though they at times neg- 
lected It Recurrence of paresthesia or of mild symptoms of anemia was a warning 
to them to resume active therapy In the third place, the seventy of the neurologic 
process in the two groups is not comparable Of the ii patients with evidences of 
extensive spinal cord involvement, 10 are included in the optimal therapy group, 
justifying the inference that irregular or inadequate treatment seriously affects the 
chances for long time survival of patients with severe nervous system disease On 
the other hand, it is worthy of note that no patients in the inadequately treated 
group with the milder degrees of involvement showed more than transient exacerba- 
tions of their neurologic mamfestations 

The patients in this series who suffered definite hematologic relapse, as indicated 
by an erythrocyte count of less than 3,000,000 per cu mm with macrocytosis did 
not fare as badly as might have been expected Eleven of this group were free of 
evidence of neural involvement when first seen, and only 4 of these developed neu- 
rologic manifestations during subsequent relapses In each instance the lesion was 
classified as moderately severe (+-|-), and was arrested with good functional im- 
provement when intensive therapy was resumed Of 8 patients presenting symp- 
toms and signs of mild or moderate degree, only one suffered irreversible progres- 
sion of spinal cord damage during hematologic relapse Here also, it should be 
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emphasized that the relapses suffered by these patients were generally of short dura- 
tion, that the senes includes only those patients who were willing and able to re- 
turn, and that no patient with pre-existing severe central nervous system disease 
who suffered hematologic relapse has been followed for as long as ten years 

Experiences with Folic Acid 

Since January, 1946, 15 patients with pernicious anemia have been treated with 
synthetic folic acid (pteroylglutamic acid) for sufficiently long periods to permit 
an evaluation of the early therapeutic results obtained with this material and a 
comparison of the results with those secured with other forms of treatment Nine 
members of the group were males, 6, or 40 per cent, were without evidence of neuro- 
pathy, 5 had previously been under treatment for pernicious anemia, but only i had 
normal blood values at the time folic acid treatment was begun The 6 patients 
without nervous system disease have all maintained normal blood values for one 
year or longer, while receiving 5 mg of folic acid by mouth daily, and none have 
developed neurologic manifestations * 

REPORT OF CASES 

One patient (H W ) a man of 64, had paresthesias of the extremities, diminished knee and ankle 
jerks and impaired vibratory sense in the lower extremities when folic acid, 10 mg orally each day, was 
started during hematologic relapse Within three months, coincident with restoration of blood values to 
normal, paresthesias had disappeared, and the patient had no complaints A woman (T K ), aged 69, 
had evidences of presumptive peripheral nerve and posterior column involvement with slight ataxia and 
impairment of sense of motion and position when the diagnosis of pernicious anemia was first made 
during hematologic relapse On folic acid, 10 mg daily by mouth, there was significant functional and 
symptomatic improvement of moderate degree observed over a period of eight months A man (C N ), 
76. had moderate involvement of the nervous system when first seen in 1938 He was treated with 
refined liver extract by intramuscular injection with marked (+ + +) improvement in his neurologic 
sutus In April, 1946, his blood values were slightly abnormal, presumably due to too long intervals 
between treatments, and therapy was changed to folic acid, 10 mg daily by mouth, later reduced to 5 
mg There was no reactivation of the neurologic process at the time of institution of folic acid therapy, 
and none has occurred over a period of fourteen months A woman (E C ), 70 years old, was found to 
have pernicious anemia in 1938, with a moderately severe neural lesion While under treatment with 
desiccated stomach, there was marked (-f- + +) improvement in the neurologic manifestations In May, 
1946, treatment was changed to folic acid, 10 mg orally each day After six months, there was no exa- 
cerbation of the neurologic process, but the erythrocyte level had declined to 3,600,000 per cu mm with 
a mean corpuscular volume of 105 cubic microns Desiccated stomach, xo Gm daily, was substituted for 
the folic acid and the blood values were rapidly restored to normal 

The 4 remaining piatients with pernicious anemia in our folic acid treated senes may be said to have 
had unsatisfactory results with respect to their neurologic status In x of these, the adverse changes were 
slight and may have been equivocal, or the dosage, for these individuals, may have been too small A 
physician (W F ) was first found to have pernicious anemia in April 1946 and was treated initially with 
folic acid, 15 mg daily by intramuscular injection His erythrocyte count was x, 600,000 per cu mm , and 
the maximum reticulocyte percentage, reached on the eighth day, was 15 6 He had troublesome pares- 
thesia, especially m the toes, mild ataxia, impaired vibratory sense distal to the mid-tibiac, and swaying 
in the Romberg position After one month on the parenteral 15 mg dosage, the patient felt much stronger, 

IS appetite had improved, and he had gained weight, but there was no change in his neurogenic symp- 

Since this report was submitted, one of the piatients developied severe piaraplegia while receiving 
10 mg of fohe acid daily 
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toms The erythrocyte count uas^, 300,000 per CII mm and slight macroc) tosis was still present At this 
time the dosage of folic acid was reduced to 5 mg orallj each da) Two months later the neurologic 
manifestations and the blood aalucs were unchanged He was then giaen refined Iner extract, 15 units 
intramuscularl) , ever) three weeks, together with the daiU oral dose of folic acid, 5 mg All neurogenic 
symptoms, except occasional slight tingling in the toes, disappeared within two months time, and the 
blood \alues ha\e been entirel) normal for one )ear A woman (D C), aged 51, was first seen and dug 
nosed as pernicious anemia in September, 19^6 Anemia was minimal, the cr)throc)te count being 
3,900,000, but characteristic morphologic changes were present, and achlorh)dna persisted after hista 
mine injection There were manifestations of actne, moderatel) scsere, neurologic disease, chicll) 
paresthesia, ataxia, and deep sensor) disturbances Folic acid oralis, 10 mg daiK, ssas gisen for two 
months There was no change in the blood \alucs, and the patient stated that numbness and tingling had 
become more sesere, although there was no demonstrable alteration in the neujologic signs Folic acid 
was discontinued, and refined Iner extract, 15 units, was gnen intramuscular!) , at first twice and later 
once weekl) The blood values were entirel) normal, and there was a moderate degree of relief of neuro- 
genic s)mptoms one month later 

In the other x remaining cases, there can be no doubt that spinal cord disease progressed actnch 
while the patients were reccning reasonabl) large doses of folic acid One of these f J N ) a man of 51 
years, was found to ha\e histamine refractor) achlorh)dria and atrophic gastritis b) gastroscopic ex- 
amination four years before the diagnosis of pernicious anemia was made At the earlier examination his 
complaints were limited to gastrointestinal disturbances, he had no glossitis, no anemia, and no symptoms 
referable to the nersous system In April 1946 he was admitted to another hospital where the diagnosis 
of pernicious anemia was made Symptoms of increasing fatigabilit) , paresthesia of the hands and feet, 
and ataxia had been present for about six months Shortl) before his admission, he dc\ eloped pronounced 
mental changes characterized b) depression, feelings of guilt, and religious preoccupation Details of the 
hematologic and neurologic examinations at the time of admission arc not available, but it is know n that 
the anemia was of moderate degree with an erythrocyte count of approximately 3,000,000 per cu mm 
The patient was able to walk unassisted, and there were no sphincter disturbances He recened one or 
two injections of liver extract, and then was treated exclusively with folic acid, 10 mg by mouth daily 
There was symptomatic improvement with clarification of the mental status, and he was discharged after 
about one month in the hospital, in May, 1946 He continued to take folic acid in the above dosage at 
home, and the fact that he actually received the medication is attested by his wife who is an entirely 
reliable person, well known to us On June 14, 1946, he was first seen in the out-pitient department of 
the Simpson Memorial Institute He walked alone, but with considerable ataxia, was oriented and re- 
sponsive, and had no specific complaints other than paresthesia His erythrocyte count was 3,400,000 
per cu mm , hemoglobin ii 9 grams per loocc , and hematocrit 35 per cent He was adv iscd to continue 
taking folic acid, xo mg daily On the morning of June xo he w'as unable to leave his bed, and during 
the next two days he rapidly developed the signs of extremely severe spastic ataxic paraplegia with loss 
of sphincter control On June xi he was admitted to the Simpson Memorial Institute Knee and ankle 
jerks were not obtained Plantar stimulation gave an extensor response bilaterally Vibratory sense was 
completely lost over the bones of the lower extremities and the crests of the ilium Sense of motion and 
position of the toes was absent The patient was unable to bear any weight on his legs and had no sense 
of floor resistance Folic acid was discontinued, and refined liver extract, 15 units, was given daily by 
intramuscular injection This dosage was continued until August 5, when it was reduced to 15 units, 
three times a week, until December ix, when it was changed to 15 units twice weekly Improvement of 
the neurologic status was slow but definite After six weeks he was able to use a walking device, and 
sphincter control had returned In four months he could get about with crutches, and nine months after 
the institution of liver extract therapy he discarded the crutches for canes At that time, March, 1947. 
the knee and ankle jerks had returned, the Babinski sign was no longer obtained, and vibratory sense was 
present, although diminished as far distal as the mid-tibiac Hematologic values were restored to normal 
within a few weeks after beginning liver therapy 

The last case to be reported is that of a man (S K ) of 55 years who was admitted to our scrvucc on 
July 11, 1946 His earliest symptom was impaired sense of taste (? olfactory disturbance) and anorexia 
which developed eleven months before his admission One month later he first noted numbness and tin 
gling of the extremities and difficulty in walking His symptoms were very slowly progressive, and he 
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continued with his occupation as a merchant until his hospital admission The initial red blood cell count 
was 3,600,000 per cu mm , hemoglobin ix x grams per 100 cc , hematocrit 36 per cent Histamine refrac- 
tory achlorhydria was present The gait was ataxic, Romberg and Babinski signs were present, knee and 
ankle )erks were hyperactive bilaterally, vibratory sense was impaired to absent over the lower extremi- 
ties, and sense of motion and position of the toes was disturbed but not completely lost A diagnosis of 
pernicious anemia with moderately advanced postero-lateral column degeneration was made, and the 
patient was treated with folic acid, 10 mg intramuscularly daily After ten days the oral route was sub- 
stituted for the intramuscular mode of administration The patient was discharged on July i8 and walked 
out of the hospital unassisted He returned eleven days later, on August 9, unable to stand or walk alone 
and with complete loss of vibration and position sense in the lower extremities The erythrocyte count at 
this time was 3,900,000 per cu mm , hemoglobin 14 6 grams per 100 cc , hematocrit 39 per cent In place 
of folic acid he was given refined liver extract, 15 units intramuscularly daily for one week, then 15 units 
three umes a week He returned four weeks later, on September 9, showing some improvement, but un- 
able to walk without assistance At his next visit, after another interval of four weeks, he walked alone 
with the aid of a cane On June 17, 1947, after ten months ot liver extract therapy, he felt quite well and 
walked with only a slightly hesitant gait V ibratory sense was apparently normal over the right lower 
extremity, but was diminished, although nowhere absent, over the left There was return of sense of 
motion and position of the toes 


Discussion 

Experience in the management of cases of pernicious anemia during the early 
period of their treatment and over a number of years indicates that administration 
of sufficient amounts of desiccated stomach, whole liver, oral liver extract, and 
crude or refined liver extracts by parenteral routes, if accompanied by a hematologic 
response, will invariably lead to the arrest of the neurologic degenerative process 
and will usually be followed by a significant degree of symptomatic and functional 
improvement Furthermore, if adequate treatment, as judged by consistently nor- 
nal erythrocyte values, is taken continuously, exacerbation of nervous system dis- 
ease will not occur Even if treatment is irregular and suboptimal, provided there 
arc no long periods of relapse, patients with less severe degrees of neurologic in- 
volvement will rarely suffer irreversible progression of their neural lesion These 
statements are apparently not valid in the case of folic acid therapy The occur- 
rence and progression of combined system degeneration in patients with pernicious 
anemia under treatment with folic acid was first reported by Vilter, Vilter and 
Spies*® and by Meyer ** The phenomenon has also been noted by Heinle and 
Welsh*2 and by Hall and Watlans In some of the cases reported, the activity 

of the process was not arrested when the dosage of folic acid was increased many 
times 

The failure of folic acid to control spinal cord disease in some cases may be taken 
^ evidence that this vitamin corrects only a specific deficiency responsible for the 
hematopoietic disturbances occurring in pernicious anemia This hypothesis, 
however, does not satisfactorily explain two types of observations which have 
been nude by ourselves, as well as by others, namely, first, the fact that not all pa- 
tients with pernicious anemia, in the absence of important complications, respond 
to fohe acid by restoration of fully normal hematologic values, even when large 
doses of the vitamin are given by both oral and parenteral routes, and second, some 
patients experience definite relief of neurogenic symptoms while receiving folic 
2cid This improvement may be due primarily or entirely to peripheral nerve 
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recovery, but even so it may be said that such patients, over a period of many 
months, show no evidence of progress of nervous system involvement 
The fairly uniform and predictable results of liver and stomach therapy in perni- 
cious anemia and the variability of the responses of persons with this disease to 
administration of synthetic folic acid suggest that there is in pernicious anemia a 
widespread metabolic defect in which a number of interrelated factors or processes 
are involved, one of these being the ability to convert the naturally occurring con- 
jugated form of folic acid to the free vitamin However, defective utilization 
of folic acid IS not the only cause either of the hematopoietic or the neural distur- 
bances It appears, with some supportive evidence,” that among the therapeutic 
properties of stomach and liver is included a corrective effect on the disordered 
metabolism of folic acid which is responsible, in part, for the manifestations of 
pernicious anemia 


Summary and Conclusions 

Seventy patients with pernicious anemia have been observed for periods of not 
less than ten years The clinical course in these cases has been analyzed 
with particular reference to changes in the neurologic status 

Most of the patients, whether treated with oral preparations of stomach or liver, 
or parenteral crude or refined liver extracts, showed significant improvement of 
' their neurologic manifestations The period of improvement was limited, essen- 
tially, to the first year of therapy 

Thirty-six members of the series received treatment regularly and were 
maintained consistently in complete hematologic remission Fifteen of the pa- 
tients did not adhere to an optimal therapeutic regimen, and their blood values 
were frequently abnormal, although definite relapses did not occur In the former 
group there were no instances of development or progression of neural lesions In 
the latter such adverse changes as did occur were transient and reversible on re- 
sumption of adequate therapy Nineteen patients in the series suffered clinical and 
hematologic relapses after their initial response to intensive therapy The end re- 
sults in this group were not so favorable, but nevertheless serious progression of 
spinal cord involvement was rarely observed The apparent infrequent occurrence 
of pronounced changes is attributed to the short duration of the relapses and to the 
relatively mild degree of nervous system involvement present when the diagnosis of 
permcious anemia was made It may be assumed that patients with more extensive 
neural disease who suffered relapses, progressed to a fatal termination 
The observations reported in no way justify the conclusion that irregular or sub- 
optimal therapy is without serious risk They are presented in order to indicate 
what the long-term clinical results may be in the case of patients with pernicious 
anemia, who frequently fail to adhere to an ideal therapeutic regimen 
The early results of treatment with synthetic folic acid, as observed in a senes of 
15 patients, indicate that both the hematologic and neurologic response to this- 
form of therapy is much less predictable than is the case with stomach or liver pre- 
parations It IS suggested that disturbance of folic acid metabolism is not the sole 
cause of either the hematologic or the neurologic manifestations of piernicious 
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anemia, but that inability to utilize folic acid effectively may play a part in the 
development of both myeloid and neural abnormalities 
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THE DEVELOPMENT AND PROGRESSION OF SUBACUTE COMBINED 
DEGENERATION OF THE SPINAL CORD IN PATIENTS WITH PERNI- 
CIOUS ANEMIA TREATED WITH SYNTHETIC PTEROYLGLUTAMIC 

(FOLIC) ACID 

Bjy J F Ross, M D *, H Bllding, M D , and B L Paeghl, M D 

T he ISOLATION, jdcntification and synthesis of folic acid (ptcroylglutamic 
acid) have provided an extremely potent hematopoietic agent ' Unqucstion- 
ablv folic acid induces hematologic remissions in patients with pernicious anemia 
Evidence is accumulating that indicates its inc/Tectiveness in preventing the de- 
velopment or progression of subacute combined degeneration of the spinal cord 
Furthermore, it is not certain that normal blood levels can be maintained for pro- 
longed periods of time in patients treated with folic acid alone 
During the last seventeen months we have substituted synthetic folic acidf for 
liver extract in the treatment of iz patients with pernicious anemia These cases 
have been observed with extreme care for evidences of development or progression 
of neurologic complications and for changes in hematologic or clinical status 
During this brief period of time significant changes have developed in many of these 
patients that make advisable a report of our observations at the present time 

Method of Study 

CLINICAL MATERIAL 

The diagnosis in each case was csrablishcd by the demonstration of a macrocj tic h) perchromic anemin 
with an associated leucopcnia and thrombocytopenia, a histamine-refractory gastric achlorhydria and a 
response to liver extract or to folic acid with reticulocytosis and restoration of normal blood values In 
many cases a megaloblastic bone marrow typical of pernicious anemia was demonstrated before treatment 
was started Four patients were in hematologic relapse and were hospitalized during the initial period of 
study Two of these patients previously had been seen in hematologic relapse, and remission had been 
induced with liver extract It has been possible to compare their responses to folic acid with those pre- 
viously obtained with liver extract One patient in relapse had severe actn e subacute combined degenera- 
tion of the spinal cord 

The patients in remission had been known to have pernicious anemia for periods ranging from one to 
nineteen years and had been treated with liver extract in the Outpatient Department of the Massachusetts 
Memorial Hospitals before the beginning of this study Six of these patients had evidence of subacute 
combined degeneration as manifested by paresthesias, diminution of vibration sense or reflex changes at 
the beginning of the study, but in all these cases the disease had been arrested and the signs had been un- 
changed for several years Liver extract therapy was stopped at the beginning of this study There was no 
restriction o/diet, which was considered to be adequate in all patients Eleven patients were taking sup- 
plementary vitamins or yeast, and these were allowed to continue this medication during the period of 
study Folic acid was administered orally in i6 cases in doses ranging from i 2.5 to 15 o mg daily Six 
patients received 30 to 100 mg by intramuscular injection once every four weeks 

From the Evans Memorial, Massachusetts Memorial Hospitals, and the Department of Medicine, 
Boston University School of Medicine, Boston 

* Formerly Welch Fellow in Internal Medicine of the National Research Council A portion of this 
investigation was carried out while under tenure of the Welch Fellowship 

t The synthetic folic acid (ptcroylglutamic acid) used in this study was kindly furnished by Dr 
Stanton M Hard) of the Lcdcrlc Laboratories, Inc , Pearl River, N Y 
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All the patients \%ere seen at least monthly m the Outpatient Department of the Massachusetts Me- 
morial Hospitals and when it became evident that neurologic symptoms were developing they were seen 
at weekly or semineekly inter\als Careful neurologic and hematologic studies were performed at each 
visit 

TECHNICAL METHODS 

Blood studies t\erc performed on venous blood placed in mixed ammonium and potassium oxalate ’ 
Hemoglobin determinations were done on photoelectric colorimeters by the oxyhemoglobin method ^ 
Hematocrits were determined with Wintrobe tubes, with centrifuging for one hour at a relative cen- 
trifugal force of 1800 Erythrocyte and leucocyte counts were made in duplicate and averaged Eryth- 
rocyte indices were calculated by the method of Wintrobe Direct platelet counts were made with Rees- 
Eckcr diluting fluid Reticulocyte counts were made on blood films prepared from a mixture of venous 
blood with o 3 per cent cresyl blue and o 6 per cent solution of sodium chloride Films of bone marrow 
obtained by sternal aspiration were stained with Wright s and Giemsa s stain 

Observations 

PERNICIOUS ANEMIA IN RELAPSE 

Four patients were in severe hematologic relapse when folic acid therapy was 
started Of these, l had never before had antianemia therapy, i was in relapse 
subsequent to three years without liver extract therapy, and i was in relapse 
following a low maintenance dose of folic acid The courses of these 4 patients are 
typical of the responses that may be produced with folic acid, and brief case his- 
tones are presented 


CASE I ' 

Pmuctous anemta tn severe hematologic relapse Kemtsston induced with orally administered 
folic acid Gradual development of anemia and subacute combined degeneration of the 
spinal cord after one year of maintenance on folic acid 

J B , a 65 year old white man, was admitted to the hospital in May, 1946, with a history of easy 
htigabdity for two years and marked weakness and anorexia for two weeks Physical examination re- 
vealed pallor of the skin and mucous membranes, a red tongue with atrophy of the lateral papillae, 
bjpoactive deep tendon reflexes in the lower extremities and slightly diminished vibration sense in the 
feet Blood studies showed a severe macrocytic anemia, Icucopenia and thrombocytopenia (table i and 
' fig 0 . and the sternal bone marrow was characteristic of pernicious anemia in relapse There was hista- 
niine refractory gastric achlorhydria Folic acid therapy, 15 mg daily by mouth, was started at this time 
Weakness and anorexia were noticeably lessened on the second day of therapy and the patient was com- 
pletely asymptomatic at the end of the second week In one month s time the physical findings were nor- 
mal and there was full recovery of vibration sensation A maximum reticulocyte response of 19 per cent 
'vas reached on the eighth day of therapy Just prior to the rise in reticulocytes a substantial increase in the 
white cell and platelet counts was noted A steady increase in the red cell count and hemoglobin began 
^fter the fourth day Normal blood levels and red cell indices were present by the third month and were 
niamtamed until the eighth month, when the red cell count, hematocrit and hemoglobin began to fall 
the twelfth month the patient showed a definite anemia 

With the exception of occasional slight glossitis the patient remained asymptomatic during the first 
eleven months of folic acid therapy Beginning with the seventh month there was gradually progressing 
diminution in vibration sense, although position sense and motion sense were normal and Romberg s sign 
Was negative In the twelfth month the patient began to experience stiffness of the feet and numbness of 
the fingers His gait became unsteady, particularly in the evening, and he staggered when he attempted 
10 Walk in the dark Knee and ankle jerks were markedly hypoactite at this time, Mbration sense was 
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impaired below the knee';, and motion ';cnse was diminished in the toes The patient swayed slightly in 
the Romberg position and staggered when he tried to walk with his eyes closed 

Cojnmtnt This previously untreated case of pernicious anemia showed early and 
rapid clinical and hematologic improvement in response to 15 mg of folic acid 
given daily bv mouth The reticulocytosis of per cent in response to folic acid 
therapy was slightly less than the 37 per cent expected optimum response to liver 
extract, but the rate of regeneration of erythrocytes, leucocytes and platelets was 
fully as rapid as would have been expected with liver extract therapy The blood 
remained normal for eight months but subsequently fell to anemic levels Defimtc 
subjective and objective signs of subacute combined degeneration appeared during 
the twelfth month of folic acid therapy 




1 • 

I 

< 

3 

• 

1 

t 

\ 

0 

K 

er 

4 

V* 

?! 

*- 4 
0 

Z 

I, 

ft 

j 

at 3 

i 




WBC * io3 

52 106 68 88 97 155 89 

!e-| a 

“• . 

a li 

1-1" 

cc 0 


PARESTHESIAS 
DECR VlfiRATORr 
SENSE 
DECR POSITION 
SENSE 

0 0 000 

F 0 (-f) (-f.) 4 

0 0 000 

FOLIC ACID 

MOM /DAY 




Fig I (Case 1) Previously untreated pernicious anemia in relapse Remission induced vsith orallv ad- 
ministered folic acid Gradually developing anemia and subacute combined degeneration after 7 months 
of folic acid therapy 


CASE Z 

Pemtetous anemia with mild anemia but severe subacute combined degeneration No im- 
provement in neurologic status after twenty-five days of orally administered folic acid 

A W , a 60 year old white woman, was admitted to the hospital with a history of increasing par- 
esthesias in all extremities, weakness, anorexia and weight loss of one year s duration The significant 
physical findings were slight atrophy of the lateral lingual papillae, hyperactive deep tendon reflexes, 
a positive Romberg s sign, a slightly ataxic, spastic wide-based gait, marked diminution of vibration 
sense in the knees, ankles, toes and fingers and some impairment of position sense m the fingers The red 
cell count was 3,000,000, the hemoglobin ix 8 Gm per 100 cc ,thc mean corpuscular volume 1x2. cubic 
micra, and the white cell count 5700 There was histammc-rcfractory gastric achlorhydria Folic acid was 
administered orally in a daily dose of 15 mg throughout the twenty days of hospitalization The retic- 
ulocytes rose from z i to 5 8 per cent on the seventh day At discharge the red cell count was 3,410,000, 
the hemoglobin 13 9 Gm per 100 cc , and the white cell count 8x75 After one week during which the 
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folic acid dosage was increased to 45 mg daih the red cell count was 3,540,000 and the hemoglobin 14 
Gm per 100 cc 

After twenty-eight da\s of folic acid therap) paresthesias and weakness persisted unchanged, and 
there was no improvement in the signs of subacute combined degeneration of the spinal cord Daily intra- 
muscular injections of 15 units of purified liver extract were begun and continued during the next five 
weeks Subjective improvement and a decrease in paresthesias occurred in response to this therapy, but 
further neurologic examinations could not be performed A blood study performed after two months of 
folic acid therapy and thirty -eight days of liver extract therapy showed a normal hemoglobin and 
hematocrit but persistent marked macrocy tosis (table i) 

Comment This previously untreated patient had a moderate, although markedly 
macrocytic, anemia but severe subacute combined degeneration of the spinal cord 
She had a submaximal reticulocyte response to folic acid (only 5 8 per cent as com- 
pared with an anticipated ix o per cent), and the blood levels rose very slowly even 
after liver extract therapy was given in addition to an increased dosage of folic acid 
There was no subjective or objective evidence of improvement of the subacute 
combined degeneration during twenty-eight days of folic acid treatment, and it 
was not possible to follow the patient adequately for a longer period of time 

CASE 3 

Pernicious anemia tn relapse, remission induced with orally administered foltc aetd Subacute 
combined degeneration and mild anemta developing after sixteen months of maintenance 
therapy with folic acid Progression of subacute combined degeneration after institution of 
liver extract therapy while folic acid was continued 

H C , a 59 year old white woman, was first admitted to the hospital in December, 1940, with weak- 
ness, glossitis, anorexia and weight loss of two years duration Physical examination revealed marked 
pallor of the skin and mucous membranes, atrophy of the lingual papillae, moderate glossitis, a palpable 
lucr and diminished vibration sense below the knees There was a severe macrocytic anemia and a megalo- 
blastic bone marrow (table i and fig ■ 2 .') Histamine-refractory gastric achlorhydria was present In re- 
sponse to 15 units of liver extract administered intramuscularly daily, there was a rise in reticulocvtes to 
14 6 per cent After one month of therapy the red cell count was 4,330,000 and red cell indices were 
essentially normal Therapy was gradually reduced to 15 units of liver extract a month Blood \ alues con- 
tinued to rise and throughout the ensuing seventeen months were optimal 

Except for the occasional ingestion of cooked liver the patient lapsed in therapy from September, 1941, 
to January, 1946, when she was readmitted to the hospital with recurrence of the original symptoms and 
paresthesias of the hands and feet The significant physical findings were pallor of the skin and mucous 
membranes, atrophy of the lateral lingual papillae, a slightly unsteady gait, hyperactive knee jerks, 
absent ankle jerks and a moderate decrease in vibration sense below the knees The blood and bone 
marrow were characteristic of pernicious anemia in relapse (table r and fig i) The patient was gi'cn 15 
mg of folic acid by mouth daily, and a maximum reticulocyte response of ii 8 per cent was obtained on 
the sixth day of therapy She rapidly became asymptomatic, and after one month of treatment the red cell 
count and hemoglobin had risen to moderate levels with a decrease in macrocytosis There was no change 
m neurologic status at that time Folic acid therapy (15 mg by mouth daily) was continued after dis- 
charge m February, 1946 One month later the patient was readmitted for treatment of a myocardial 
infarction and pyelitis Vibration sense in the ankles and toes was diminished The blood \ alues were 
unchanged The dosage of folic acid was increased to 100 mg dailv, by mouth for fixe days and then 
mtraxenously for the next ten days This increased dose produced no improxement in the blood picture, 
und the original dosage of 15 mg daily by mouth was resumed Nineteen da\ s later this was supplemented 
b\ dail\ intramuscular injections of 15 units of liver extract for twcKc day s This resulted in sy mptomacic 
improxement, relief of the glossitis and improxement in vibration sense in the ankles and toes, but no 
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furtlicr hcrmtologic rcspon'ic During tlic sub-.cqiicnt two month'; on folic icid therapy alone the red cell 
count and hemoglobin rose to fairlj satisfactor) Icscls and the red cell indices became normal Vibration 
sense was fully rccoscrcd During the ensuing ten months there was a gradual decrease of the red cell and 
hemoglobin levels and a return of macr(K)tosis 

In the sixteenth month of folic acid treatment and twelve months after the last injection of liver ex 
tract, the patient complained of stcadil) increasing numbness of the hands, forearms and feet Her family 
stated that she became extrcmcl} forgetful and irritable There was a rapid and progressive loss of vibra 
non sense in the lower extremities and impairment of position and motion sense in the toes and fingers 
Liver extract thcrapj was started, 75 units being given first semiweebly and then weckl), and folic acid 
medication was continued In spite of the injection of z 6 o units of liver extract during the next six weeks 
the symptoms and signs of subacute combined degeneration of the spinal cord progressed At the end of 
this period folic acid therapy was discontinued 
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Fio 2- (Case 3) Pernicious anemia with comparable remissions induced on different occasions with 
liver extract and with folic acid Suboptimal rcsfxmse to oral folic acid not improved by large doses of 
folic acid administered intravenously or by liver extract Progression of subacute combined degeneration 
12. months after last injection of liver extract 

Comment This case provides an interesting comparison of the relative effectiveness 
of folic acid and liver extract in inducing remission in pernicious anemia Sympto- 
matic improvement occurred earlier and was more marked with liver extract than 
with folic acid therapy The reticulocyte response to both liver extract and folic 
acid was submaximal The rate of increase in the red cell count in response to folic 
acid was slower than had occurred previously with liver extract, but the hemato- 
logic response probably was hampered by the complicating myocardial infarction 
and pvelitis In the face of these complications neither an increase in the dosage of 
folic acid nor a course of liver extract therapy was effective in improving the blood 
picture Following recovery from these illnesses the blood levels temporarily rose 
to normal The optimal levels previously maintained with liver extract therapy 
never were observed during folic acid treatment, and a gradual diminution of blood 
levels occurred during the last ten months of therapy Subacute combined dc- 
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generation became apparent in the sixteenth month of folic acid therapy, twelve 
months after the last injection of liver extract, and neurologic disease progressed 
during the next six weeks in spite of the injection of z6o units of liver extract 

CASE iZ 

Hematologic relapse on ;o mg of foltc acid administered once monthly by injection Remission 
on ij mg of folic acid daily by mouth Subsequent explosive development of severe subacute 
combined degeneration of the spinal cord 

J S , a 69 year old white man, had been treated for pernicious anemia with liver extract by a private 
physician in 1938, and was first admitted to the hospital in 1939 with a history of weakness and anorexia 
following a SIX months lapse in therapy Blood studies showed a severe macrocytic anemia (table i and 



Fig 3 (Case Zi) Relapse of piernicious anemia while receiving 30 units of folic acid by intramuscular 
in)ection once each month Remission induced with 15 mg of folic acid daily by mouth comparable with 
remission induced with liver extract on previous occasions Rapid development and progression of sub- 
acute combined degeneration on folic acid maintenance therapy while blood was normal 


fig 3) The patient responded to liver extract therapy with a reticulocyte response of zo 9 per cent on the 
sixth day of therapy, and normal blood levels were attained by the third month In 194Z the patient again 
lapsed in therapy and underwent a second hematologic relapse He again showed an adequate response to 
liver extract Since 1943 adequate blood levels were maintamed with intramuscular injection of 30 units of 
iver extract monthly The patient ingested daily 10-15 yeast during the entire period of the 

subsequent study, a fact that should exclude vitamin deficiency as a contributing factor Folic acid was 
substituted for liver extract in June, 1946, and 30 mg of folic acid once each month was gi'cn by intra- 
niuscular injection At this time the patient was completely asymptomatic, physical examination was 
essentially negative, and neurologic examination was entirely negative The blood levels were sub- 
optimal, with a moderate degree of macrocytosis (table 1 and fig 3) There was a persistent drop in the 
fiemoglobin levels, and by the fifth month the patient showed a marked macrocy tic anemia 
c* ness and dyspnea appeared during the third month, but the only abnormal phy steal finding v as 
inarked pallor of the skin and mucous membranes Neurologic examination was completely negatise At 
IS time therapy was changed to a daily oral dose of 5 mg of folic acid Symptoms of anemia increased. 
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nnd there tv is n further detrcise in blood letch during tlic next week The dosage of folic acid was m 
creased to 15 mg a daj b) mouth Rapid sjmptomatic and hematologic improvement followed, and in 
two months the red cell count returned to its original prc-folic acid level A reticulocyte response of 6 3 
per cent was noted on the seventh dav , but since these counts v ere performed onl) at weekly intervals 
the maMmum rcticuloc) tosis probabl) was not detected Neurologic examination at this time was 
negative 

Eight and onc-half months after folic acid had been siibstmitcd for liver extract, three months after the 
Starr of oral folic acid therapy and one month after restoration of normal blood levels, the patient com 
plained of hcav mess in the soles of his feet and stated that he felt muscle-bound in the calves and thighs 
The onl) neurologic abnormalit) at this time was slightl) diminished vibration sensation in thetoes 
One week later his hands and feet felt like blocks of wood ‘ and there were periodic episodes of a burning 
sensation from rhe toes to the hips At this time the patient began to need assistance in maintaining his 
balance, and soon be was unable to walk witboiit considerable aid Within another two weeks he was 
nnable to stand or walk and could not feed himself because of incoordination of the hands 

On admission to the hospital the general ph) steal examination, complete blood studies and sternal 
bone marrow examination ) iclded normal findings The patient s mental status and speech were normal 
Examination of the cranial nerves showed impairment in the first (inabilit) to recognize the smell of 
coffee, vanilla or vvintergreen) and the second (moderate bilateral diminution in visual acuit) and mod 
erate constriction of visual fields), although the optic fundi were not remarkable The remaining cranial 
nerves were intact There was no gross inequalit) in muscular volume or power, but there was a definite 
increase in muscle tone, spastic in t) pc, of the arms and legs Coordination was cxtrcmcl) poor, and the 
patient was unable to hold objects or to feed himself There w as astcreognosis, even for large objects, and 
marked past pointing in both arms The hcel-to shin test was poorl) done Romberg s sign was positive, 
and the gait, even vv ith assistance, was spastic, slapping and staggering Deep tendon reflexes in the lower 
extremities were markcdl) hvpcractivc, more so on the left than on the right The Babinski response was 
present on the left and there was no response to plantar stimulation on the right Abdominal and crem 
astcnc reflexes were absent Vibration sense was cntircl) absent below the tenth thoracic segment and in 
both hands, wrists and elbows Position and motion sense were impaired gcncrall) , most markcdl) in the 
fingers, toes and ankles There was loss of light-touch sensation over the ulnar side of both hands and on 
the medial aspect of the right foot There was irregular patch) diminution of pain and temperature sensa- 
tion in both arms and both legs, and decrease in sweating of both lower extremities and complete absence 
of sweating from the level of the knees downward There was no interference with bladder or bowel 
function, however, and no change in sexual function (the patient had been impotent for 10 \ears) A 
lumbar puncture yielded normal spinal fluid 

Injection of 105 units of concentrated liver extract (15 units per cubic centimeter) was given intra- 
muscularly daily for the next five weeks, and the administration of 15 mg of folic acid daily b) mouth was 
continued During this period there was gradual subjective improvement, bcginningon the eleventh day 
The patient gradually regained the coordinated use of his hands and feet, and after three weeks of liver 
extract therapy he was able to feed himself and to walk unacsistcd and w ithout staggering, although the 
gait was still spastic and slapping He was discharged from the hospital at the end of five weeks, at which 
time he felt well except for some residual numbness of the hands and feet and stiffness of the knees Co- 
ordination of movement was normal, but the gait showed slight slapping During the period of hos- 
pitalization the pattern of neurologic improvement was striking First there was a decrease in the signs 
of lateral column disease muscle tone returned to normal, deep tendon reflexes became less hyperactive, 
the plantar responses became flexor, and there was a gain in strength With this improvement the patient 
was able to walk and to feed himself, even though the posterior column signs still persisted Position sense 
was slightly improved in the fifth week of liver extract therapy, but there w as no return of vibration sense 

Following discharge the patient was given 75 units of liver e:^tract intramuscularly once a week and 
the dosage of 15 mg of folic acid daily was continued There was only slight improvement in position 
sense during the next three weeks, no improvement in vibration sense, and persistence of paresthesias 
Folic acid was discontinued after two months of liver extract therapy Two weeks later position sense 
was practically normal, vibration sense perception began to return, and the hands and feet felt much less 
numb and ncarl) normal 
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Comment This patient gradually developed a hematologic relapse over a six 
month period during which treatment consisted of 30 mg of folic acid by injection 
once a month The rate of development and the severity of the hematologic relapse 
were comparable to two previous relapses that occurred following omission of liver 
extract This indicates that folic acid in the amount given had no effect in main- 
taining remission The hematologic response to 15 mg of folic acid taken orally 
each day was excellent and was comparable with the response obtained on two 
previous occasions with liver extract 

The most striking features of this case were the explosive development of ex- 
tremely severe subacute combined degeneration after nine months of folic acid 
therapy and its appearance at a time when the peripheral blood picture and bone 
marrow were normal Improvement of symptoms and signs of lateral column 
disease occurred gradually following the addition of liver extract therapy, but vi- 
bration sense and numbness of the hands and feet improved only after discontinu- 
ation of folic acid 

The climcal and hematologic responses of 3 cases to folic acid therapy were ex- 
cellent and quite comparable to those that would have been expected with optimum 
liver extract therapy Indeed, in Case xx the rate of blood regeneration under folic 
acid therapy almost exactly paralleled that previously obtained with liver extract 
(fig 3) The reticulocyte responses were slightly less than would have been ex- 
pected with liver extract, but were quite adequate in all 3 cases Increases in white 
cell and platelet counts were marked and rapid In Case x the degree of anemia was 
not severe, and consequently the rate of blood regeneration was not rapid The 
suboptimal blood levels eventually obtained in Case 3 were not improved by addi- 
tional hver extract therapy and probably are a reflection of the complicating cardiac 
disease and pyelonephritis 

Cases I, 3 and xx showed improvement in the sense of well-being on the third or 
fourth day following the beginning of folic acid therapy This improvement was 
neither so striking nor so marked as that usually seen following the exhibition of 
liver extract Glossitis was present in Cases i, 3 and xx and improved very slowly 
under folic acid treatment In Case i it occasionally recurred during the period of 
maintenance therapy 

The extremely marked signs of subacute combined degeneration in Case x showed 
no improvement during the twenty-eight days of folic acid therapy, but they did 
not progress The numbness and slight diminution of vibration sense initially pres- 
ent in Cases 1 and 3 gradually improved over a period of several months with folic 
3 cid therapy but recurred again after a year’s treatment Case xx showed no neuro- 
logic abnormality at the time of hematologic relapse, and it was not until three 
months later, at a time when the blood picture was normal, that the patient de- 
veloped extremely severe and rapidly progressive subacute combined degeneration 
of the spinal cord 

Maintenance Therapy of Pernicious Anemia in Remission 

Twenty-one patients with pernicious anemia in remission have been maintained 
on folic acid therapy for periods ranging from eight to seventeen months In 15 
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SPINAL CORD DEGENERATION AND TOLIC ACID 


table I, ADDITIONAL REMARKS 

Case I Rapid remission induced Maximum rcticulocytosis of on 8th day Blood declined to sub- 
normal levels after 6th month Probable development of mild S C D beginning in 7th month 

Case z Mild anemia but marked macroc) tosis Maximum reticulocy tosis of 5 8% on 7th day Slight 
imrpovemcnt in blood during i8 days of folic acid therapj Normal hemoglobin level but persistent 
macrocytosis following liver extract therapy No improvement in S C D with folic acid therapy 
Case 3 Respon'c to folic acid comparable with response to liver extract 5 years pre\ lously Maximum 
reticulocy tosis 11 8% on 6th day Suboptimal blood let els, not improved with liver extract, probably 
because of complicating disease Ev idence of S C D at 16 months Rapid progression of S C D in spite of 
institution of liver extract therapy during continuation of folic acid 

Case 4 Blood levels higher and macrocytosis less than when under liver extract therapy SCD 
beginning in iith month and progressing rapidly in spite of liver extract therapy while folic acid 
continued 

Case s For 8 months blood levels much higher than with liver extract therapy Moderate decrease 
after 8th month No definite ev idence of S C D 

Case 6 Blood levels decreased at 8 months NocvidcnceofS C D 

Cose 7 Blood levels improved initially Subsequently decreased and fluctuated in fashion similar to 
that observed during liver extract therapy No evidence of S C D 

Case i Blood levels same as with liver extract therapy Probable development of early SCD 
Case p For 8 months blood levels much higher than with liver extract Then gradual decrease to 
initial levels No evidence of S C D 

Cose JO Blood levels initially higher than with liver extract, subsequent decrease Definite devcloj> 
ment of S C D 

Case SI Blood levels same as with liver extract No change in S C D 

Case iz Blood levels better than those maintained with liver extract Progression of S C D 
Caseij Blood improved initially, but decreased topreyiouslevels in loth month Definite progression 
of S C D in ixth month 

Case 14 Blood levels unchanged even after increase in folic acid dosage SCD dcvelopicd at 
months Progressed rapidly when folic acid dosage increased to 15 mg Continued progression of S C D 
after institution of liver extract while folic acid continued 

Case 1$ Blood unchanged Signs of S C D appeared in 7th month and progressed in spite of increased 
folic acid dose 

Case 16 Blood unchanged No evidence of S C D 

Case 17 Decrease in blood levels during period of monthly injections Slight improvement on daily 
oral dose of folic acid Evidence of S C D appeared in uid month and progressed in spite of increased dose 
of folic acid 

Case iS Temporary decrease in macrocytosis No ev idence of S C D in spite of very low dose of folic 
acid 

Case Transient increase in blood levels NocvidcnceofS C D Died of heart failure in nth month 
Case zo Blood levels comparable with those maintained with liver extract Patient required n months 
to relapse after omission of liver extract on a previous occasion No S C D 

Case zi Blood levels comparable with those maintained with liver extract therapy Impiovcd with 
oral folic acid therapy No S C D 

Case zz Hematologic relapse during monthly injections Remission induced with oral folic acid 
Rapid onset and progression of S C D when blood was normal Very gradual and incomplete improve- 
ment with liver extract therapy while folic acid continued More rapid improvement after omission of 
folic acid 

patients (including Case li, previously described) the clinical and hematologic 
aspects of the disease had been well controlled with liver extract for from one to 
nineteen years prior to the substitution of folic acid therapy In 7. patients (Cases i 
and 3) folic acid-induced remissions preceded maintenance therapy This group has 
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been subdivided according to the maintenance dose of folic acid administered (table 
z) An increase in dosage was made in 8 patients during the latter half of the period 
of observation, and specific reference to these changes will be made The hemato- 


Table 2 — Results of Maintenance Therapy vnth Synthetic Folic Acid 
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f^igures preceded by # are numbers of cases listed in Table 1 


logic and clinical data before and during folic acid therapy arc presented in tables 
I and z 

Oral matnttnanct dose of ij mg daily Five patients (Cases 1,3,4, 5 and 6) were 
given a daily oral maintenance dose of 15 mg of folic acid With the exception of r 
patient (Case 6) who was treated for only eight months, these patients remained on 
the same dosage schedule for twelve months Satisfactory blood levels were ob- 
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served carJy in the course of treatment in aJl 5 patients, and i patient (Case 4) con- 
sistently maintained higher levels with folic acid than he did with liver extract 
A decline in the red cell count and hemoglobin to suboptimal levels began after the 
fourth and sixth month, respectively, in z patients (Cases i and 3) in whom re- 
mission had been induced with folic acid A similar drop in blood levels was not 
observed in the ocher z patients (Cases 5 and 6) until the eighth month In i pa- 
tient (Case 3) a significant macrocytosis developed concomitantly with the decline 
in blood levels 

All 5 patients felt extremely well and were asymptomatic during the first eight to 
eleven months of treatment In the twelfth month of therapy definite signs of neuro- 
logic disease appeared in Case i (see case report) In Case 3, in the sixteenth month 
of folic acid therapy and twelve months after the completion of a supplementary 
course of liver extract therapy, the patient developed the symptoms and signs of 
neurologic disease (see case report) 

In Case 4 there had been mild but quiescent subacute combined degeneration for 
at least eight years, and there was no change in this condition during the first ten 
months of folic acid therapy Beginning in the eleventh month, however, the pa- 
tient developed paresthesias of the hands and feet and weakness and stiffness of the 
legs His family stated that he became very irritable and occasionally wept because 
of anger By the twelfth month these symptoms were worse and there was un- 
steadiness of gait and difficulty in walking Knee jerks were increased, and vibration 
sense was decreased at and below the iliac crests Liver extract was started in addi- 
tion to continuation of folic acid, but in spite of the injection of z6o units in the 
next three weeks there was rapid progression of neural disease By the end of this 
time the patient was unable to walk because of weakness of the legs and unsteadi- 
ness of gait He complained of warmness of the hands and feet He showed increased 
muscle tone in the legs, markedly hyperactive knee jerks, absent left ankle jerk and 
decreased right ankle jerk, a positive Babinski sign on the left and normal plantar 
response on the right Position and motion sense of the toes was poor The heel-to- 
knee test was poorly performed Vibration sense was absent below the iliac crest 
Romberg’s sign was markedly positive Folic acid was discontinued and the patient 
was hospitalized A lumbar puncture yielded normal fluid 

This patient developed progression of subacute combined degeneration during 
folic acid therapy, which proceeded rapidly in spite of parenteral injection of large 
amounts of liver 

Ora/ tnatntenance dose of 10 mg daily Two patients (Cases 7 and 8) were given 10 
mg of folic acid daily for a period of twelve months Case 8 maintained constant 
blood levels Case 7 showed an initial improvement in red cell count and hemo- 
globin but a persistent macrocytosis, and the blood subsequently returned to levels 
essentially similar to those observed during liver extract treatment 

In Case 8 progressive diminution of vibration sense in the lower extremities and 
fingers appeared during the eleventh month, and in the twelfth month Romberg s 
sign became positive 

Oral maintenance dose of j mg daily Two patients (Cases 9 and 10) were maintained 
on 5 mg of oral fohe acid daily for twelve months In both patients there was an 



J F ROSS, H BELDING AND B L. PAEGEL 


83 


initial increase in the red cells and hemoglobin and a decrease in macrocytosis, but 
in the eleventh and twelfth months the red cell count and hemoglobin returned to 
pre-folic acid values, and in Case 9 the're was recurrence of macrocytosis 
Subjective improvement and an increase in appetite were noted by each patient 
with beginning of folic acid therapy, and these continued throughout the period of 
observation Case 9 remained asymptomatic and maintained a normal neurologic 
system during the period of observation Paresthesias and diminution in vibration 
sense appeared in Case 10 in the eleventh month By the twelfth month there was 
marked diminution of vibration sense in the toes and ankles, a positive Romberg’s 
sign, a slightly unsteady gait, hypoactive knee and ankle jerks and a positive 
Babinski’s sign 

Oral maintenance dose of 2 5 mg daily Only one patient (Case ii) was given a daily 
oral dose of x 5 mg of folic acid This patient maintained as high blood levels 
throughout the eleven months of treatment as she had previously done with large 
doses of liver extract She remained asymptomatic and showed no change in her 
neurologic signs of minimal subacute combined degeneration of the spinal cord 
Oral maintenance dose of i ay mg daily Five patients (Cases ix-i6) were given 
daily doses of i X5 mg of folic acid by mouth This dosage was increased to 15 mg 
daily m 3 patients (Cases 13, 14 and 15) in approximately the tenth month of treat- 
ment With the exception of Case 16, who was observed for only eight months, the 
members of this group remained on folic acid for eleven, twelve or thirteen months 
The blood picture of 3 of these patients was comparable to that previously main- 
tained by them on liver extract In Case ix the blood levels were better, and in Case 
13 there was a temporary increase in red cells and hemoglobin and a decrease in 
macrocytosis, which persisted for eight months and then returned to the levels 
previously maintained with liver extract 
Two of these patients (Cases ix and 13) had subacute combined degeneration of 
the spinal cord at the time folic acid therapy was started, but in both the disease 
had remained stationary for several years under liver extract therapy In Case ix 
progression of neural disease was shown during the twelfth month of folic acid 
therapy. Weakness and stiffness of the legs, numbness of the feet, unsteadiness in 
gait and swaying on Romberg’s test became definitely severer at this time and led 
to institution of liver extract therapy In Case 13 the patient complained of a 
squeezing sensation in the feet and calves, and there was a definite decrease in 
vibration sense below the level of the iliac crests and a markedly positive Rom- 
berg’s sign during the twelfth month of therapy 
After nine and one-half months of folic acid treatment the patient in Case 14 
showed development of subacute combined degeneration The dosage of folic acid 
was increased to 15 mg daily by mouth for the next six wmeks, but the signs of 
neurologic disease progressed even more rapidly By the eleventh month of mainte- 
nance therapy the patient exhibited weakness of the entire body and a numbness 
and tingling of the hands and feet Knee and ankle jerks were extremely hyper- 
active, vibration sense was markedly impaired below the iliac crests and was en- 
tirely absent in the left leg An injection of 75 units of liver extract was given, 
which produced only minimal improvement in one week s time Folic acid was 
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omitted and 45 units oflivcr extract were given each week for the ensuing two 
weeks Two weeks after discontinuance of folic acid there was marked subjective 
improvement, Romberg’s sign was negative, and vibration sense was improved 
There was strikingly rapid progression of neural disease during folic acid treatment, 
and significant improvement did not occur in spite of liver extract therapy until 
folic acid was discontinued 

Of the 7. other patients without subacute combined degeneration at the be- 
ginning of folic acid therapy, Case j 6 remained asymptomatic and developed no 
abnormal neurologic signs during the eight months that she was observed Case 15, 
however, showed progressive diminution of vibration sense from the seventh to 
twelfth month An increase in folic acid to 1 5 mg daily at nine and one-half months 
failed to prevent progressive diminution of vibration sense or the development of 
hypoactive knee jerks 

Maintenance therapy with monthly intramuscular injections The remaining 6 pa- 
tients (Cases ly-xi) were given intramuscular injections of folic acid once a month 
None of these patients had evidence of subacute combined degeneration at the time 
folic acid therapy was started The doses administered were ico mg (Cases 17, 18 
and 19), 40 mg (Case xo) and 30 mg (Cases xi and xx) With one exception (Case 
19), oral folic acid therapy (i X5 to 15 o mg daily) was substituted for injected 
folic acid in these patients between the fifth and ninth month of observation The 
members of this group remained on folic acid for periods of ten to twelve months 

Of the 3 patients receiving 100 mg of folic acid monthly, x (Cases 18 and 19) 
showed an initial rise in blood levels with a subsequent decrease to the original 
levels The blood levels of the other patient (Case 17) dropped slightly, but re- 
turned to the original suboptimal levels after substitution of a daily oral dose of 
15 mg of folic acid 

This latter patient began to show paresthesias and diminution of vibration sense 
after the second month of therapy The paresthesias decreased slightly following 
the administration, from the fifth month onward, of 15 Gm of Brewers yeast 
dally Daily oral doses of i X5 mg of folic acid were substituted for the monthly 
intramuscular injections in the sixth month, and this dosage was increased to 15 
mg daily in the tenth month All these measures failed to halt progressive diminu- 
tion of vibration sense By the eleventh month there was marked diminution of 
vibration sense in both lower extremities Motion and position sense were im- 
paired in the toes, and Romberg s sign was positive Case 18 remained asympto- 
matic and was placed on a daily oral dose of i X5 mg of folic acid in the ninth 
month In Case 19 there was no evidence of neurologic disease, but the patient died 
of congestive heart failure during the eleventh month 

One of the 3 patients on maintenance therapy of 30-40 mg monthly (Case xx) 
experienced a hematologic relapse within six months (see case report) A satis- 
factory hematologic remission was produced when orally administered folic acid 
was substituted for the monthly injections The other x patients showed persistent 
macrocytosis, although their blood levels were comparable with those previously 
maintained with liver extract therapy A moderate improvement in blood levels 
and a decrease in macrocytosis was observed in Case xi after the substitution of a 
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daily oral dose of i 15 mg of folic acid, but no change in the blood picture in Case 
xo followed such substitution 

In Cases 10 and zi the patients remained asymptomatic and showed no evidence 
of neurologic damage throughout the period of folic acid therapy As described 
previously, the patient in Case zz exhibited an explosive development of spinal 
cord disease during the eighth month of observation, despite a normal blood and 
bone marrow 

Discussion 

HEMATOLOGIC ASPECTS 

Induction of Remission Orally administered folic acid induced hematologic re- 
missions that were comparable in race and completeness with those that would 
have been predicted in response to liver extract therapy Reticulocyte responses to 
folic acid were less marked and subjective improvement was not so sudden in onset 
or so marked as usually follows exhibition of liver extract Glossitis was not so 
rapidly or so completely relieved, and tended to recur in mild form during folic 
acid therapy 

Maintenance Therapy When folic acid was substituted for liver extract the ma- 
jority of the patients showed a transitory but sigmficant increase in blood levels 
and a decrease in mean corpuscular volume This initial but unsustained improve- 
ment may have been due to the combined effect of folic acid and liver extract, since 
the latter is stored in the body and may continue to exert its hematopoietic effect 
for many months after its injection ^ 

These observations might be taken to suggest that the patients had not re- 
ceived optimal doses of liver extract before substitution of folic acid, but most of 
them had been given large doses of liver extract without improvement in the 
blood picture It seems unlikely that the improvement in response to folic acid 
occurred spontaneously, as a result of a nonspecific effect of folic acid or as a 
manifestation of the cyclic variations observed in pernicious anemia ® 

With continuation of folic acid therapy alone there was usually a gradual fall in 
blood levels and the appearance of slight macrocytosis This decrease usually be- 
came apparent after six to eight months of therapy, but in several cases it did not 
appear until the twelfth or fourteenth month of therapy In most cases the blood 
returned to levels similar to those previously maintained with liver extract alone, 
but in several patients moderately anemic levels with definite macrocytosis 
appeared 

These findings may indicate that some factor in addition to folic acid is necessary 
for maintenance of a completely normal blood picture, and they suggest the pos- 
sibility that a combination of orally administered folic acid and parenterally 
mjected liver extract may be more effective than either substance alone 

Dosage All patients receiving folic acid in daily oral doses maintained blood 
levels at least comparable with those previously achieved with liver extract Dur- 
ing the period of our observations a daily oral dose of 1 15 mg of folic acid was as 
effective as a 15 mg dose in controlling hematologic manifestations The patients 
who received the larger doses more frequently showed an initial improvement in 
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blood levels (table i), but these higher levels were not better maintained with the 
larger than with the smaller doses 

The injection of folic acid at monthly intervals did not maintain normal blood 
values The rate of relapse in a patient who received injections of 30 mg once a 
month indicated that this amount of folic acid had no effect in maintaining re- 
mission The simplicity and greater cffeccivcness of orally administered folic acid 
indicates that the oral route is the rational method of employing the substance 

NEUROLOGIC ASPECTS 

Folic acid docs not prevent the development or progression of subacute combined 
degeneration of the spinal cord in patients with pernicious anemia In this senes of 
zi patients treated with folic acid, 7 (Cases i, 8, 10, 14, 15, 17 and zx) developed 
neurologic relapse, 4 (Cases 3, 4, iz and 13) showed progression of subacute com- 
bined degeneration, and 1 previously untreated ease of severe subacute combined 
degeneration (Case z) failed to improve during twenty-eight days of folic acid 
therapy The blood levels were maintained within the range of normality in all 
but I (Case i) of the patients who developed neurologic relapse, emphasizing the 
dissociation of the hematologic and neurologic aspects of the disease, and indi- 
cating that the effective hematopoietic factor is distinct from the factor necessary 
for the maintenance of normal central nervous system function 

Neurologic relapse occurred with considerable suddenness and progressed with 
great rapidity in several patients This rapidity of progression was considerably 
greater than is usually observed in patients with untreated pernicious anemia 
Apparently this also was true in similar cases reported by Meyer , Heinle and 
Welch ^ and Viltcr et al ® 

We have continued daily oral administration ol 15 mg of folic acid after insti- 
tuting liver extract treatment in 5 patients (Cases 3, 4, 14, 17 and zz) in whom 
neurologic relapse developed during folic acid treatment The period of observation 
with combined liver extract and folic acid treatment is still quite brief, but there 
has been progression of neurologic disease in 4 of these cases (Cases 3, 4, 14 and 17) 
Although improvement in gait and coordination occurred slowly in the fifth 
patient (Case zz) while folic acid was continued, vibration and position sense did 
not begin to show improvement until folic acid was omitted two months after the 
beginning of liver extract treatment 

Development or progression of subacute combined degeneration appeared to 
occur with the greatest frequency in patients receiving large daily doses of folic 
acid Eight patients were receiving 10 or 15 mg daily by mouth when neurologic 
signs or symptoms first appeared, whereas only 3 develo] 3 ed neurologic disease 
when the daily dose was 5 mg or less These observations are not conclusive be- 
cause 4 of the cases on the 15 mg dosage had previously received smaller doses 
These patients might have developed subacute combined degeneration on the lower 
dosage had it been continued, and the apparent precipitation of neurologic relapse 
when the dosage was increased may have been coincidental We are impressed, 
however, by the fact that of 7 patients (Cases 9, 10, 11, iz, 18, zo and zi) main- 
tained on a low dosage (5 mg or less a day) for twelve months, only z (Cases 10 
and iz) showed neurologic relapse One of these (Case iz) had had long-standing 
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severe subacute combined degeneration and the progression of his disease was mini- 
mal In marked contrast, of 6 patients treated with 10 or 15 mg of folic acid daily 
for twelve months (Cases i, 3, 4, 5, 7 and 8), neurologic relapse occurred in 4 
cases (Cases 1,3,4 and 8) within twelve months of the last injection of liver ex- 
tract The number of cases in each senes is too small and the variation from patient 
to patient in susceptibility to subacute combined degeneration is too great to allow 
definite conclusions to be drawn from these observations, but it was quite certain 
that the patients who received large doses of folic acid developed neurologic 
relapse more frequently than did those who received small doses It was of interest 
that of iz reported cases of neurologic relapse occurring during folic acid therapy 
all received 10 mg or more of folic acid daily ’“^°Heinle and Welch’s patient ap- 
parently showed acceleration of subacute combined degeneration when the dosage 
of folic acid was increased to 100 mg daily The neurologic signs apparently pro- 
gressed even after liver extract was started, and did not regress until folic acid was 
discontinued In contrast to our patients all of the reported cases were in hemato- 
logic relapse prior to the induction of folic acid therapy All but z of our patients 
had been under intensive liver extract therapy before substitution of folic acid It 
may be' this difference, rather than the larger folic acid dosage, that accounts for 
the earlier development of subacute combined degeneration in the reported cases 
The fact that the majority of our patients did not develop neurologic relapse until 
twelve months after the last injection of liver extract may have been due to residual 
stores of liver extract as a result of previous therapy 

The failure of synthetic folic acid to prevent the development or induce the re- 
nussion of subacute combined degeneration makes it certain that this substance is 
not the active principle responsible for maintenance of normal nervous system 
function in pernicious anemia The possibility that folic acid in large doses actually 
may exert a deleterious effect on the central nervous system is suggested by three 
observations the apparent greater tendency for the development of subacute com- 
bined degeneration in patients who received large doses of folic acid, the apparent 
acceleration of neurologic disease in some patients when folic acid dosage was in- 
creased, and the persistence or actual progression of neural disease following insti- 
tution of liver extract therapy so long as folic acid treatment was continued 

Theoretically it seems possible that synthetic folic acid in large amounts may 
contribute to dysfunction of the central nervous system by interfering with the 
metabolism of 1 (+) glutamic acid by the central nervous system The observations 
that suggest this theory are as follows Quastel and Wheatley “ found that 1 (+) 
glutamic acid could be metabolized by nerve tissue, and Krebs'- showed that brain 
slices could utilize glutamic acid for the synthesis of glutamine Weil-Malherbc’^ 
demonstrated that 1 (-f ) glutamic acid was the only amino acid that could be 
metabolized by central nervous system tissue He observed that d (— ) glutamic 
acid actually interfered with brain metabolism The essential nature of 1 (-f-) 
glutamic acid in nerve function was further emphasized by Nachmansohn et al 
who found that the enzyme system associated with the synthesis of acetylcholine 
m brain extracts, when inactivated by dialysis, could be reactivated by the addi- 
tion of 1 (-P) glutamic acid 

These fundamental observations establish the importance of 1 (-by glutamic acid 
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in nerve tissue metabolism They also suggest its possible role in the formation of 
acetylcholine, a mediator of nervous impulses Folic acid has the following struc- 
tural formula 


CO OH 


HC N- 

H 


CH2 

CH2 

COOH 



As indicated by the broken line, glutamic acid is one of the constituents of the 
folic acid molecule, and its position in the molecule suggests that it may be able to 
enter into competition with 1 (-f-) glutamic acid in tissue metabolism and interfere 
with nerve metabolism, and possibly with the formation of acetylcholine and the 
transmission of nervous impulses If this interference docs occur, it explains the 
greatei frequency of neurologic relapse in patients receiving large doses of folic 
acid and the progression of neurologic disease in folic acid treated patients after the 
institution of liver extract therapy 

That folic acid is connected in some way with acetylcholine metabolism in 
clinical cases of pernicious anemia is indicated by Davis, who reports that there 
is a marked increase in the serum acetylcholine of patients with untreated pernicious 
anemia, and that the administration of folic acid, liver extract or ventriculin pro- 
duces a decrease in blood acetylcholine concentration 

We are now investigating the possibility that folic acid may actually contribute 
to dysfunction of the central nervous system by interfering with 1 (+) glutamic 
acid metabolism 

In view of recent reports that 1 (-f) glutamic acid may be effective in the treat- 
ment of feeble-mindedness^® and the possibility that folic acid may interfere with 
1 (-{-) glutamic acid metabolism, it is of interest that z of our patients (Cases 3 and 
4) who developed neural relapses were noted by their families to have had mental 
aberrations 

Whether or not synthetic folic acid in large doses actually interferes with central 
nervous system function is still to be determined Clinical evidence proves beyond 
question that it is not effective in the treatment or prevention of subacute combined 
degeneration of the spinal cord For this reason, it is our opinion that no patient 
with pernicious anemia should be treated with folic acid alone 


Summary and Conclusions 

I Twenty-one patients with pernicious anemia were maintained on synthetic 
folic acid (pteroylglutaimc acid) therapy alone for periods ranging from eight to 
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seventeen months Satisfactory blood levels were maintained in all cases receiving 
daily oral doses of i X5 to 150 mg Severe hematologic relapse occurred within 
six months in a case treated with monthly injections of 30 mg 
X Synthetic folic acid in oral doses of 15 mg daily induced satisfactory hema- 
topoietic responses in 3 patients with pernicious anemia in severe relapse, but only 
slight hematopoietic response in a fourth patient with mild pernicious anemia 
but severe subacute combined degeneration of the spinal cord 

3 Ten patients showed a significant improvement in blood values for a few 
months after substitution of folic acid for liver extract With one exception these 
subsided after six or more months to pre-folic acid levels comparable with those 
previously maintained with liver extract alone 

4 These observations suggest that a combination of orally administered fohc 
acid and parenterally injected liver extract may maintain a better hematologic 
status than either substance alone 

5 A previously untreated patient with severe subacute combined degenerauon 
of the spinal cord failed to show improvement in neural disease during twenty- 
eight days of folic acid therapy 

6 Eleven patients developed, or showed progression of, subacute combined 
degeneration of the spinal cord during folic acid treatment Neurologic disease 
developed in most of these patients when the peripheral blood was normal 

7 One patient showed an extremely explosive onset and rapid progression of 
neural disease The progression of the disease was rapid in 3 other cases 

8 The institution of liver extract therapy in adddition to folic acid in 5 patients 
who developed subacute combined degeneration during folic acid maintenance 
therapy failed to prevent progression of the disease in 4 cases, and only partially 
arrested the disease in the fifth, in which improvement occurred more rapidly 
when folic acid was discontinued 

9 Subacute combined degeneration occurred with greater frequency in patients 
on large daily doses of folic acid than it did in patients with small or intermittent 
doses 

10 The possibility is discussed that folic acid in large daily doses may actually 
precipitate or aggravate neurologic disease 

11 It IS suggested that folic acid may interfere with the metabolism of 1 (-f-) 
glutamic acid in the central nervous system and possibly disturb the formation or 
function of acetylcholine 
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PERNICIOUS ANEMIA CAUSED BY DIPHYLLOBOTHRIUM LATUM, 

IN THE LIGHT OF RECENT INVESTIGATIONS 

By Bertel von Bonsdorff, M D 

T he macrocytic anemia caused by the broad fish tapeworm, Diphyllobo- 
thrium latum, has been the subject of extensive investigations in Finland, start- 
ing with the pioneer work of J W Runeberg (1887) and O Schauman (1894) 

The fish tapeworm is extraordinarily common in the country In certain prov- 
inces more than 90 per cent of the population is infested with the parasite Of the 
total population of the country, which is about 4,000,000, one half to one million 
can be considered to be tapeworm carriers The parasite is found in persons of all 
ages, even m children under i year of age 
For most of these carriers, the worm is a relatively innocent parasite, but 
in some, it causes a macrocytic anemia According to earlier investigations (R 
Ehrstrom, 1916) the frequency of anemia was estimated to be i case in 5,000-10,000 
worm carriers But, if the blood of worm carriers is examined systematically, a 
far greater number of anemia cases can be shown Among the conscripts of xo 
years of age admitted to a military hospital in peace time, Seppa (19x7) found i case 
of anenua in 659 worm carriers G Totterman (1944), in a community strongly 
infested with tapeworm, noted, in i94i, i case of anemia in 136 carriers, and in 
1943, he found the frequency to be i case of anemia in 383 carriers In a war hos- 
pital, from 1941 to 1944, I found 96 instances of tapeworm anemia in about 11,000 
medical cases The number of worm carriers in this group, composed of men from 
18 to 40 years of age, is not known 

The above figures give a good idea of the importance of the problem of tapeworm 
anemia in Finland This anemia is a typical “pernicious anemia” with a charac- 
teristic blood picture and a megaloblastic bone marrow, agreeing in all respects 
with that found in cryptogenetic” Addisonian anemia A pernicious tapeworm 
anemia can also be brought to remission with liver preparations per os or paren- 
terally, or with stomach preparations per os without removal of the worm 
In contrast to cryptogenetic pernicious anemia, tapeworm anemia occurs even in 
people under xo years of age In most cases there is an achlorhydria after the in- 
jection of histamine, though, especially in younger patients, the gastric juice often 
contains free hydrochloric acid and is secreted in the usual quantities Signs of 
spinal cord involvement are less apparent than in cryptogenetic pernicious anemia 
That the illness is really due to the worm infestation is proved by the fact that 
complete remission takes place after the worm is expelled without any further need 
for antianemic treatment 

Since crjqitogenetic pernicious anemia is not rare in Finland and worm infestation 
•s common, it is natural that now and then both types of anemia should occur 
simultaneously in an individual In such cases, of course, there is no remission 
ifter the worm cure In fact, the anemia often becomes more severe 

From the Unncrsitt of Hclsingfor<:, Finland 
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G Totterman (1944) says that he has encountered eases of mild macrocytic ane- 
mia in tapeworm carriers that did not respond to liver treatment but showed good 
remission after a worm cure He assumes that the pathogenetic mechanism for this 
form of anemia is different from that for the true pernicious tapeworm anemia, 
which does respond to liver therapy 

On the other hand, there have been numerous reports in Finland of cases of hj'po- 
chromic anemia in tapeworm carriers which were not cured by expelling the worm 
On this point, conflicting information is still found in the literature 

The question which is of special interest for research is why do so few worm 
carriers have pernicious anemia^ Or formulated in greater detail what arc the 
factors which lead to the rise of worm anemia and why are these factors active in 
only a small number of cases? 

Hitherto, these questions have not been satisfactorily answered The discussion 
of them and the tapeworm anemia problem as a whole has been reported in detail 
by Birkeland 

The present knowledge of the genesis of pernicious anemia suggests that in some 
way the worm interfered with the production or absorption of the antiancmic fac- 
tor or with the production of the components involved in its formation This 
thought was first expressed by Saltzman (1935) On the basis of similar reasoning 
the pernicious anemia in connection with sprue, ventricular lesions, intestinal re- 
sections, etc , can, as is well known, be explained 

An investigation is here reported carried out on these lines with the object of 
explaining the pathogenesis of cases of pernicious anemia, most of them due to 
tapeworm infestation The tests have been going on since 1937 

I The Intrinsic Factor 

a) The course of remtsston after removal of the worm If the worm is expelled in the 
usual way (with 3-4 5 Gm Extraction filicis) from hospital patients on an un- 
restricted diet, a blood remission begins shortly afterwards and continues until the 
blood picture has become normal In a group of 7 cases, it was observed that the 
reticulocytosis began on the fourth to the sixth day after the worm was expelled in 
6 of the patients and in i case, not until the eleventh day The reticulocyte maxi- 
mum was reached in the first 6 cases mentioned between the seventh and the tenth 
day after the worm cure, and in the seventh case on the thirteenth day The maxi- 
mum reticulocyte values varied between 7 4 and 2.3 per cent In these cases, ex- 
amination of the blood before Extractum filicis was given showed that the erythro- 
cytes were between i l and a i million per cu mm of blood 

Apparently, after the worm cure, the reticulocytosis generally sets in a few days 
later than after a strong initial liver treatment The maximum for reticulocyte 
values IS on the average somewhat lower than in cases of pernicious anemia treated 
with liver, but on the other hand, the reticulocyte crisis lasts longer The increase 
of the erythrocytes is generally about 100,000 per day, which is just as great as 
with adequate liver therapy 

It has been found by means of a sternal puncture that within 48 hours after the 
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worm cure, the megaloblastosis in the bone marrow gives way to a normoblastic 
type of regeneration 

The most rational therapy in pernicious tapeworm anemia is the simple worm 
cure Only in very severe anemia is it necessary to start treatment with liver in- 
jections and not expel the worm until after the blood picture has improved In 
such cases, however, it is difficult to decide afterwards whether the pernicious 
anemia was caused by the worm or not Only if the patient is very young and/or 
has free hydrochloric acid in the gastric contents can one be to some extent certain 
that the pernicious anemia was caused by the tapeworm 

The fact that the pernicious tapeworm anemia is completely cured after the worm 
IS expelled can be explained in no other way than that the patients have access to 
all the substances required for the endogenous formation of the antianemic prin- 
ciple Evidently, these substances are available directly after elimination of the 
worm, as indicated by the promptness with which the remission begins thereafter 
If the food contains the extrinsic factor, this must imply above all that the intrinsic 
factor becomes at once available 

b) Castle s test with gastric puce from patients with pernicious tapeworm anemia 
Hernberg (1536-1341) has shown that the gastric juice in patients with pernicious 
tapeworm anemia, as well as in persons who have had it, contains intrinsic factor 
Mixed with meat, such gastric juices produce a typical remission when given to 
patients with cryptogenetic pernicious anemia 

c) In vitro experiments The author has made some investigations of the proteo- 
lytic gastric enzyme active at neutral reaction according to the method given by 
Taylor et al (1938), and has found (1940) that this enzyme occurs in pernicious 
tapeworm anemia as well as in cryptogenetic permcious anemia, though in the 
latter cases the total amount of the gastric secretion is very much reduced It has 
been suggested that this enzyme is identical with the intrinsic factor My results 
have been confirmed by Helander (1945) Hernberg (1939) with Lasch’s reaction 
has obtained similar results in the gastric juice from patients with pernicious tape- 
worm anemia 

The investigations here reported, all support the idea that the gastric juice of 
patients with pernicious tapeworm anemia contains intrinsic factor In spite of 
ffiis, and in spite of the fact that the amount of gastric juice is often normal, an 
anemia has arisen Apparently the pernicious anemia in tapeworm carriers is not 
caused by cessation of the secretion of the intrinsic factor because of the presence of 
the worm However, it is evident that some inhibition of the gastric juice secre- 
tion may occur in connection with pernicious tapeworm anemia, for in some cases 
free hydrochloric acid reappears in the gastric contents after the remission in pa- 
tients who showed achlorhydria while the anemia was apparent 

The author has been unable to find any difference in the speed of remission after 
^ worm cure in patients with achlorhydria and those with normal gastric secretion 

It seems possible that a decreased secretion of intrinsic factor may facilitate the 
occurrence of a pernicious anemia in connection with tapeworm infestation It is 
Well known that some pieople who have had a pernicious tapeworm anemia when 
young, have later fallen ill with a cryptogenetic form of the disease In some 
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families many eases occur of both cryptogenctic anemia and pernicious anemia due 
to worm The cause of this has been considered a special constitutional disposi- 
tion’ for this type of anemia It may be that this ‘‘disposition" consists in a de- 
ficient production of intrinsic factor 

2 . Tun Extrinsic Factor 

a) Cltiijcal obsa nations Experience in Finland shows that worm carriers can 
have pernicious anemia even though their food contains a suflicient amount of pro- 
tein of d liferent kinds Apparently, lack of extrinsic factor is not essential for the 
occurrence of pernicious tapeworm anemia (in contrast to some other conditions 
such as, for example, the nutritional tropical pernicious anemia) However, cer- 
tain facts do support the idea that a relative deficiency in extrinsic factor 
can contribute to the rise of the disease G Totterman found in his material a 
higher frequency of pernicious tapeworm anemia in i94z than in 1943 In the 
former year the food situation in our country was particularly serious, there wrs a 
special lack of proteins The next year the situation had improved considerabh 
My own experience agrees with that of Totterman s In some cases of worm anc- 
rma, I have seen a slight reticulocytosis and even a certain improvement of the 
erythrocyte count during the administration of meat This was the case with 
soldiers who came for treatment directly from the front Cramer (19x2.) observed 
pernicious tapeworm anemia at the same time in 3 sisters who, by reason of some 
mental peculiarity, lived like hermits and fed themselves with an extremely in- 
sufficient diet 

b) The course of reimsston after tewoval of the worm tu the absence of extrinsic factor 
It is logical to assume that there will be no remission after the worm is expelled if 
the patient, shortly before and after the worm cure, has taken food containing no 
extrinsic factor The correctness of this reasoning has been shown in a scries of 
twelve tests When the patients were admitted to the hospital they were placed 
on a basic diet as free from extrinsic factor as possible After some days, they were 
given a worm cure Very insignificant signs of blood regeneration, or none at all, 
were observed even after twelve to fifteen days On the contrary, the blood picture 
often became progressively more abnormal As soon as substances known or be- 
lieved to contain extrinsic factor were added to the diet, a marked reticulocytosis 
began and the blood picture improved rapidly It has been proved that this is 
true when meat, milk, Hammarsten s casein, pepton, brewer s yeast and concen- 
trated yeast extract and, to a lesser degree, soy bean protein were added to the diet 
These observations confirm Castle’s theory that both intrinsic and extrinsic factor 
are necessary 

The method furnishes a means of testing substances for their content of extrinsic 
factor 

One practical conclusion is that, after worm cure, patients with worm anemia 
must be given a diet rich in proteins if a rapid remission is to be expected 

3 The Interaction between the Intrinsic and Extrinsic Factors 

Castle s test has not been previously carried out on patients with pernicious tape- 
worm anemia, yet this experiment is of great importance It is conceivable that 
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the worm in the intestinal canal prevents the interaction between extrinsic and 
intrinsic factors and in this way gives rise to the pernicious anemia If this is true, 
It would be expected that no remission would occur when a patient is given a mix- 
ture of meat and gastric juice This would indicate that the worm has been able 
to destroy the effect of these substances supplied from outside in the same way as it 
prevents the body’s own intrinsic factor from interacting with extrinsic factor in 
the patient’s ordinary food If a fresh mixture of gastric juice and meat proves to 
be ineffective while the same mixture incubated for six hours at 37° C does have an 
antianemic effect, the conclusion imght be drawn that by means of the enzyme ac- 
tivity in vitro, some new substance is formed which the worm is unable to injure 

A series of 14 tests was carried out to clear up this question Meat (150 Gm 
per day), or in some tests yeast extract, was used as the source of the extrinsic fac- 
tor The daily amount of gastric juice with which the meat or yeast was mixed 
was 150-175 ml Each test period lasted eight days During the first test period a 
nomncubated mixture was given 

In some cases of cryptogenetic pernicious anemia these tests produced a splendid 
remission The effect was equally good whether the mixture was incubated pre- 
viously or not On the other hand, the test results were clearly negative in cases 
of pernicious tapeworm anemia Neither fresh nor incubated mixtures of meat and 
gastric juice produced any remission In some cases the identical gastric juice was 
used as in parallel tests with cryptogenetic pernicious anemia The remission 
occurred only after the worm had been expelled 

In one case of pernicious tapeworm anemia, icx> ml of gastric juice was brought 
up daily after insulin stimulation, and was incubated with 150 Gm of meat for six 
hours, after which the mixture was administered to the patient Not even in this 
way could any remission be produced 

These observations give strong support to the idea that the worm in the 
intestinal canal is capable of preventing interaction between the extrinsic and in- 
trinsic factors and that such an inhibition can be deemed to be the reason for the 
pernicious anemia 

The fact that incubation does not involve an improvement of the antianemia 
effect of meat and gastric juice confirms the assumption that the antianemic prin- 
ciple cannot be formed in vitro but only in vivo It is possible that the interaction 
between extrinsic and intrinsic factors takes place in the intestinal wall (^Formij- 
ttex, 1940) Perhaps this interaction is not a simple enzyme reaction 

4 The Liver Factor 

If the worm in pernicious tapeworm anemia is expelled and the formation of new 
antianemic factor is prevented by giving a diet free from extrinsic factor, then, as 
already stated, there is no blood remission This shows that the liver must be de- 
prived of Its stock of antianemic factor, for if any were present, blood regeneration 
should take place after the anemia-producing worm had been removed, in- 
dependently of the supply of intrinsic and extrinsic factors 

It IS conceivable that the worm may destroy the antianemic factor at the place 
where it is assumed to be formed, 1 e in the intestine Another possibility is that 
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the worm toxins absorbed from the intestine may destroy the entire quantity of 
antianemic liver factor available in the body, but this is an improbable theory 

It IS a prion somewhat improbable that the tapeworm can injure the liver factor, 
partly because it is rather stable and partly because we know that the administra- 
tion of liver preparations both parenterally and per os quickly cures a pernicious 
tapeworm anemia 

I have incubated ordinary injectable liver extracts together with worm in vitro 
at 37° C for some days and could not, at least in this way, prove any decrease of 
their antianemic effect 

It appears, then, that the lack of the liver factor is not the result of destruction 
by the tapeworm itself nor by toxins from the worm 

5 Folic Acid 

I have treated 4 cases of pernicious tapeworm anemia with folic acid per os An 
excellent remission was obtained in all cases with doses of 20-30 mg daily for 7-10 
days, showing that folic acid also is not injured by the worm 

6 The Adsorption 

The clinical picture in pernicious tapeworm anemia gives no reason to believe 
that the absorption in this disease is impaired Carriers of Diphyllobothrium 
latum seldom suffer from severe intestinal disturbances Worm carriers with and 
without anemia do not differ from each other in this respect In no case are the 
conditions comparable with those in sprue, intestinal anastomoses, etc 

The glucose tolerance test has been carried out in 4 cases of pernicious tapeworm 
anemia, both before the worm cure and after the blood had become normal In all 
cases the blood sugar curve had a normal course both before and after the worm 
cure, thus it was not possible to show that there was any disturbance in the glucose 
absorption 

7 Experimental Feeding -with Tapeworm Preparation 

The effect on the blood of giving worm preparations per os or parenterally has, of 
course, been studied in both animals and humans T W Tallqvist (1907) experi- 
mented on himself in this way and G Totterman (1938-1940) has published a large 
series of tests Both have thought they saw a certain anemising effect from the 
preparations they used I am not convinced of the correctness of their conclusions 
for reasons stated in another publication 

The problem has been attacked by attempting to answer the following questions 
(i) Is the antianemic effect of the mixture of gastric juice and meat nullified if 
worm is added? (2) Is the remission after the worm cure absent in worm anemia pa- 
tients if the worm preparation is given per os? 

The mixtures of gastric juice and meat (or yeast extract) were prepared in the 
same way as described earlier The subjects were patients with untreated crypto- 
genetic pernicious anemia First they were treated for eight days with gastric juice 
plus meat (or yeast extract) with the addition of a considerable amount of fresh or 
dried Diphyllobothrium latum The remission was always splendid During the 
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following period with gastric juice plus meat (or yeast extract) without the addi- 
tion of worm, no new reticulocytosis was observed and the blood regeneration was 
no more rapid than during the first test period ' 

In one case of worm anemia the patient, after the worm cure, was given worm 
powder per os in increasing amounts In spite of this the blood improved in the 
usual way 

In some tests the worm anemia patients were kept on a diet free from extrinsic 
factor, were given worm cure and then for eight days extrinsic factor in the form of 
yeast extract with the addition of worm powder In spite of this addition the blood 
improved rapidly 

In connection with these tests, worm powder was mixed with hog’s stomach in 
order to investigate the possibility of loss of antianemic effect In spite of the addi- 
tion of powdered worms in two such tests the hog’s stomach still had a marked 
antianemic effect 

It was thus shown that addition of worm is unable to destroy the antianemic ef- 
fect of mixtures of gastric juice and extrinsic factor, or of stomach preparations 
Moreover, the presence of worm does not prevent the remission after the elimina- 
tion of the worm in worm anemia This fact has been interpreted to mean that the 
inhibition of the interaction between the intrinsic and extrinsic factors can be pro- 
duced only by the living worm in its natural surroundings at the place where the 
interaction occurs 

8 Inhibition in Vitro of the Proteolytic Activity of Gastric 
Juice at Neutral Reaction 

The gastric protease which is active at a pH range from 5 to 9 is greatly inhibited 
in Its hydrolytic capacity in vitro after the addition of even relatively small 
amounts of Diphyllobothrium latum The inhibitory substance is destroyed by 
heating to 80° C for twenty minutes It is not dialyzable and is not soluble in 
ether, nor in 58 per cent ethyl alcohol It cannot be precipitated with 50 per cent 
^cohol, but can be precipitated quantitatively in 90 per cent alcohol 

The gastric protease in question has been assumed to be identical with the in- 
trinsic factor, and the hydrolysis of casein in vitro has been considered as corres- 
ponding to the interaction between the intrinsic and extrinsic factors in vivo It 
has not yet been possible to prove this assumption As stated above it seems 
probable that such interaction cannot occur in vitro but only in the intestinal canal 

There is thus a dcscrepancy as follows (a) The living worm in situ seems to in- 
hibit the interaction between the extrinsic and intrinsic factors, (b) the administra- 
tion per os of worm preparations does not inhibit this interaction, while again (c) 
the addition of worm in vitro inhibits the proteolytic activity of gastric juice at 
neutral reaction It seems that this discrepancy cannot be explained until we have 
tnore detailed knowledge of the different substances here concerned The exact 
chemical nature of the extrinsic factor, intrinsic factor and the tapeworm toxin 
are as yet unknown 
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9 The Localization or tiil Tapjworm jn thi Intistinal Canal 

Presumably die worm cannot inhibit the reaction between extrinsic and intrinsic 
factor unless the worm is present at the place where the interaction occurs Now 
the question arises Where in the intestinal canal is the worm to be founds Very 
uncertain information on this point is available Experience from operations and 
autopsy in general indicate that the worm has been chiefly observed in the ileum, 
but there are no systematic observations of this fact Sometimes it happens that 
Diphyllobothrium latum is vomited, which shows that at least occasionally it can 
be very high up in the intestine To investigate this question, the author made a 
senes of intestinal intubations As the Diphyllobothrium latum produces large 
quantities of eggs it was relatively easy to determine at what distance from the 

Table i — Distance from Month (cm ) where Ova and for Pro^lotttds oj Diphyllobothrium Latum Were Found 


Croup I 

jXo anemia 

Croup 2 

Xonpcrniciou*; anemn 

Croup 1 

Pernicious ta|ic«orm 
anemia, manifest 

Croup 4 

Pernicious tapeworm 
anemia m spontaneous 
remission 
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mouth the first eggs could be aspirated In many cases small pieces of the worm it- 
self were aspirated at the same time Of course, it is not possible to calculate in this 
way the highest point in the intestine where the worm is attached Although no 
eggs are produced from the highest segments of the worm, yet I have been con- 
vinced that results can be obtained which allow comparison between different 
cases 

The intubations were carried out on worm carriers who were divided into 4 
groups as appears in table i, in which the results are also summarized 

The results show that in manifest pernicious anemia the worm is found higher 
up in the intestine than otherwise Perhaps one can imagine that in that region it is 
better able to interfere with the interaction between extrinsic and intrinsic factors 
How high up in the intestine the worm must be for it to inhibit this reaction is diffi- 
cult to determine My results favor the opinion that a ' critical limit ’ lies 140-150 
cm from the mouth, which ought to be about the borderline between the jejunum 
and the ileum 

10 An Attempt to Explain the Pathogenesis of the Pernicious 

Tapeworm Anemia 

As described above, it appears to be possible that the Diphyllobothrium latum 
causes pernicious anemia by inhibiting the interaction between extrinsic and intrin- 
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s)c factors, but that this reaction can occur only if the worm is sufficiently high in 
the intestine However, as stated previously, there is reason to presume that the 
amount of extrinsic factor in the food and of intrinsic factor in the gastrointestinal 
canal is also of some importance Thus whether anemia occurs or not would depend 
on a definite correlation among these three determinants the amount of extrinsic 
factor, the amount of intrinsic factor, and the worm’s high or low position in the 
intestine 

Finally a time factor must also be taken into consideration The formation of 
antianeraic factor must have been inhibited for such a long time that the liver is 
wholly deprived of it Only then is there reason to expect that the anemia will 
manifest itself 

It must be emphasized that in the great majority of cases of pernicious tapeworm 
anemia, there is no basis for the assumption that either a defective diet or a heredi- 
tary disposition are to be reckoned with as co-operating causes Most tapeworm 
anemia patients do wot fall ill later with a cryptogenetic anemia I can, therefore, 
not confirm the correctness of Birkeland’s conclusion that "it seems appropriate to 
classify surviving patients with Diphyllobothrium anemia as suffering from abor- 
tive forms of genuine pernicious anemia ’’ My view of the problem is that in prin- 
ciple any worm carrier whosoever can get a pernicious tapeworm anemia if only 
the worm — ceteris paribus — is high enough up in the intestine If the worm is ex- 
pelled a complete restitution can follow 

The theory I have formulated explains — in my opinion — the following circum- 
stances which have been specially put forward by SaJtzman ( 1 ^ 14 ) and which have 
hitherto been difficult to interpret 

a) A person can carry Dtphyllohothrtum latum fot many years before he falls til with 
ptniictous anemta The explanation of this can be that the worm, for one reason or 
another, has invaded the upper parts of the intestine, sometimes possibly as a rein- 
festation 

h) A person who has had pemtetous worm anemta and becomes well after the worm ts 
expelled dots not necessarily get anemta tf he ts again infested with worm At the reinfesta- 
tion It may happen that the worm is only in the lowest parts of the intestine 
0 A worm expelled from an anemta patient ts often disintegrating and discolored Some- 
times no worm at all is seen in the feces According to my theory, this disintegra- 
tion can be due to the fact that the worm, being higher up in the intestine has had 
a longer distance to go before it was expelled During its passage through the in- 
testine It has had to undergo a strong autolytic decomposition and is also affected 
more by the digestive enzymes than if it had been in the lower part of the small 
intestine and only had to pass through the colon, where the enzymes are less active 
d) The amount of worm ts not in correlation with the occurrence of anemta A small 
^ount of worm can cause anemia if it is sufficiently high up in the intestine, while 
^ large amount does not necessarily do so if it is collected in the lower part of the 
*inall intestine Yet cases with very large amounts of worm, 8o-icx3 M and more, 
are often accompanied by anemia In such cases it can be imagined that the worm, 
ccause of its great volume, has been forced upwards towards the jejunum 
0 Spontaneous remission with a return to normal blood values are not rare in worm 
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anemia The explanation of this can be chat the worm had deserted the upper parts 
of the small intestine and wandered down towards the ileum In my 3 eases of this 
type the worm was found just as low in the intestine as in nonanemic worm earners 
(cf table i) 

f) Ke/mssioi! (tftcr au tvcor/ipldc worm c:/re can also occur A filicin cure can fail in such 
a way that only a small amount of the worm, or none at all is expelled, and after 
the cure worm eggs can still be seen in the feces In spite of this, the blood improves 
At a later worm cure— after the blood picture has become normal— a considerable 
amount of worm is often removed In sudi cases — according to my idea — the worm 
at the first 'unsuccessful” cure was driven from the upper part of the intestine but 
remained in the lower part where it was no longer able to exercise its ancmia-pro- 
ducing effect 

This idea was confirmed by the following test In one case of manifest pernicious 
worm anemia the eggs were found 115 cm from the mouth Through the intestinal 
tube z Gm filicin emulsion were instilled The worm was not expelled and the feces 
continued to contain worm egg, but they could not be demonstrated as present at 
the former depth (115 cm ) A few days after the filicin cure a marked reticulocyto- 
sis began and the blood picture improved rapidly The tube was then allowed to 
glide farther in, and worm eggs were not found till xco cm from the mouth, that 
is, far down in the ileum Following another treatment with filicin, 31 M of or- 
dinary looking Diphyllobothrium latum were expelled 

Comment 

According to one earlier theory, the occurrence of worm anemia may be due to a 
change in the character of the parasite, possibly an abnormal disintegration of the 
worm in the intestine, but I have been unable to find any signs of such a disinte- 
gration The worm segments which I sometimes aspirated at intubation from worm 
anemia patients have been very motile and of ordinary appearance According to 
other theories, the cause of the anemia lay in the host These theories have pre- 
sumed a varying permeability of the intestinal wall to the worm toxin, a special, 
individual susceptibility of the hemopoietic organs to it, or an allergic prepared- 
ness, G Totterman has classed the perncious tapeworm anemia with the malignant 
granulocytopenia due to the use of amidopyrine Apart from the fact that I find the 
experimental basis of these theories defective, none of them seem to me to explain 
the worm anemia problem satisfactorily It appears artificial to conceive of the 
macrocytic anemia with its megaloblastosis as an allergic reaction Another fact 
that tells against the toxic and allergo-toxic theories is that the anemia can be cured 
with liver or stomach preparations without expulsion of the worm Again, on the 
basis of them, it is difficult to explain why no remission occurs after the worm cure 
unless extrinsic factor is available The circumstances listed under Section 10 
(a-f) above are also not easy to explain 

There is no doubt that Diphyllobothrium latum contains a powerful poison If 
one handles fresh worm with unprotected hands, the skin is greatly irritated If one 
places a small amount of dried and pulverized worm on the tongue, there is a feeling 
of burning The inhalation of worm powder has been proved to produce nausea, 
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fever, rhinitis, asthmatic cough and eosinophilia in the blood A worm carrier 
often suffers from giddiness, various nervous manifestations and nausea, has eosino- 
phiha (which may or may not be absent in anemia cases) and shows serological 
changes Like the macrocytic, nonpernicious anemia described by G Totterman, 
these phenomena can be considered as the expression of the effects of toxic activity, 
resembling those which condition the rise of pernicious anemia Thus, according to 
my idea, the inhibition of the interaction between extrinsic and intrinsic factors is 
only one expression of the worm’s toxicity 
Tests on animals with worm preparation injections also bear witness to the tox- 
icity of the worm Among other things, it appears to contain a hemolytic toxin 
Yet It has not been possible with these tests to produce an anemia which directly 
corresponds to the Addisonian anemia in man 
Much confusion m the discussions could, I believe, be avoided if the ability of 
the worm to produce pernicious anemia was consistently kept separate from its 
other toxic properties 

Certain details in the tapeworm anemia problem still await solution Like the 
cryptogenetic pernicious anemia, the pernicious tapeworm anemia shows definite 
variations in its seasonal distribution It is most usual during the period from 
March to August Illustrative curves with which my own experience agrees are to 
be found in Birkcland’s monograph It is at present impossible to decide to what 
extent these seasonal variations depend on circumstances in the patient himself 
on light conditions, on the contents m the diet of protein, folic acid (as suggested 
by Waldenstrom), or other substances A racial factor (in connection with 
pigment metabolism) must also be taken into consideration in both forms of per- 
nicious anemia 

The chemical nature of the worm’s toxin is still unknown If that could be deter- 
mined, It might be possible to get a better idea of the process by which the poison 
interferes with the interaction between the extrinsic and the intrinsic factors 
I have tried to show here that the investigation of pernicious worm anemia has 
not only a local interest but can also contribute to the elucidation of the whole 
great question of the macrocytic and megaloblastic anemias which respond to liver 
treatment and which are termed “pernicious ’’ 
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THE STUDY OF THE MYELOGRAM (BONE MARROW PUNCTURE) IN 
PERNICIOUS ANEMIA AND THE PROBLEM OF THE 
MEGALOBLAST 

By Jacques Mallarme, M D 

O F ALL the recent advances in medicine, the conquest of pernicious anemia is 
one that should make pathologists proud Twenty-five years ago, Biermer’s 
anemia was a pernicious anemia, often fatal and which could not be cured by any 
treatment It is fair to acknowledge the brilliant work of Minot and Murphy, who 
conceived the idea of applying the liver treatment inaugurated by Whipple, to 
pernicious anemia The results were such that since then, patients with pernicious 
anemia do not die of the disease any more Simultaneously, hepatotherapy has pro- 
vided a convincing argument in favor of the specificity of the disease Confusion 
with other severe types of anemia has been avoided In addition to hepatotherapy 
other arguments have supported the concept of pernicious anemia as an autonomous 
disease, entirely distinct from other types of anemia Among these arguments, one 
of the most recent is based on the study of the myelogram in pernicious anemia 
The cytology of the bone marrow was already known before the use of sternal 
punctures However, postmortem examinations are vitiated by the onset of cada- 
veric changes in the tissues Therefore, the sternal biopsy is indispensable to an 
understanding of the bone marrow This is why the technic of bone marrow biopsy, 
introduced in 1915 by Arinkin, provided a great impetus to the development of 
hematology This applies particularly to the study of pernicious anemia 
Sternal puncture is a simple procedure carried out with a special needle con- 
taining a stilet, which penetrates easily through the anterior table of the sternum, 
local anesthesia is not necessary The bone marrow is aspirated in very small quan- 
tities if one wants to have a rich myelogram Reading of the myelogram is easy if 
the technic of preparation is adequate spreading — compression between two slides 
of a very small quantity of tissue, preferably small fragments of bone marrow 
double staining by May-Grunwald-Giemsa for one-half hour The water used 
should have a neutral pH 

Naegeh first described the erythroblasts which characterize pernicious anemia 
He called them msgaloblasts and this term was responsible for much of the confusion 
that prevailed thereafter This confusion arose from the fact that Ehrlich and also 
Jolly gave rhe name ‘ megaloblast ’ to certain types of very young erythroblasts 
which are basophilic and are found in any normal marrow These are not the meg- 
^loblasts which are found in pernicious anemia These normal erythroblasts are 
^Iso called pronormoblasts, basophil normoblasts or Naegeh ’s normoblasts 
The megaloblasts found in pernicious anemia represent a special lineage of eryth- 
toblasts, ultimately ending up in a special type of erythrocyte, the megalocytes, 

^md having a characteristic morphology at each stage of the cytologic develop- 
ment 
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As seen in tJie bone marrow smear, the mtgaloblasts of pernicious anemia have a 
high optical density The youngest forms arising from the reticulum arc the 
promegaloblasts (called "erythrogoncs” by certain authors) They have a histio- 
blastic appearance with a grayish blue protoplasm, more or less spread out, not 
sharply limited, with pseudopods and sometimes a protoplasmic connection with 
another promegaloblast The nuclcua is enormous and the chromatin shows a fine 
lacy structure with numerous bluish nucleoli 
Following the promegaloblasts come the basophilic mcgaloblasts which are 
frequently seen These cells are large with a big round nucleus centrally placed 
The chromatin has a fine skeinlikc structure and is transparent The protoplasm is 
very basophilic, has a variable thickness and is usually quite wide In some cases, 
the basophilic megaloblast shbws early eosinophilic granules 
As maturation progresses, the cellular anarchy becomes more manifest and the 
aspect of the megaloblast diverges more and more from that of the normoblast 
The nucleus remains large, with a fine transparent chromatin, which in places con- 
denses into pearl-likc or blocklike structure The peripheral protoplasm becomes 
lighter in an irregular fashion and its maturation may lag behind or, more often, 
precede that of the nucleus 

The fourth stage of the development is that of polychromatophiJic megaloblast 
the asynchromism between nucleus and protoplasm becomes manifest a big nucleus 
may be found in conjunction with a small cytoplasm or a small nucleus in conjunc- 
tion with a large cytoplasm The cytoplasm shows vivid colors, purple or greenish 
with heterogeneous areas of variable shapes The nucleus still has a partly reticu- 
lated structure and may undergo amitotic division or fragmentation which pro- 
duces an aspect of a petalled flower The nucleus is still young as shown by its 
transparent and pearl-likc aspect But the tendency toward the formation of frag- 
ments of the nucleus classifies the cell as an old type of cell The nuclear fragments 
appearing early in the cell are the future Jolly’s bodies 
The orthochromic mcgaloblasts have an orange color but may contain basophilic 
remnants in the form of basophilic areas or granules as in lead poisoning The nuc- 
leus may be round and regular as the nucleus of the orthochromic normoblast, but 
more often it is reniform or dumbell-shaped or has the shape of a clover leaf The 
orthochromic mcgaloblasts vary in size and some may be rather small When they 
lose their nucleus thev become remnants, Cabot's nogs, and Jolly’s bodies The 
mcgaloblasts in pernicious anemia often show atypical mitotic figures at all phases 
In summary, at all stages of the evolution, the megaloblast is an abnormal dys- 
trophic erythroblast resulting in the creation of a large erythrocyte This explains 
the anisoc>tosis, poikilocytosis and megaiocytosis which are the expression of a 
cellular dystrophy and not of a cellular immaturity since most cells observed in the 
blood smear of a case of pernicious anemia arc completely mature cells 

After a long period of discussion, hematologists agree among themselves that 
the megaloblastosis belongs specifically to pernicious anemia I, personally, do not 
think that mcgaloblasts are observed in any anemia except pernicious anemia, pro- 
vided one adheres to the definition of the megaloblast as I have given it, and one 
does not consider the megaloblast as a very young nucleated basophilic erythrocyte 



JACQUES MALLARME 


105 

Every time I have been invited to see so called megaloblasts in the myelograms 
from patients having blood disease but no pernicious anemia, I have recognized 
that these were not megaloblasts While the megaloblast is specific for pernicious 
anemia, there are also normoblasts and their proportion to the number of megalo- 
blasts IS variable They are seen in early cases of pernicious anemia Also they com- 
pletely and rapidly replace the megaloblasts as soon as hepatotherapy is instituted 
This fact permits one to conclude that the megalob las tosis is conditioned by a 
deficiency of the hemopoietic factor of maturation of red cells which is provided by 
the liver 

The generally accepted opinion, proposed by Naegeli, by Ferrata, and most 
hematologists is that the megaloblast represents a revival of the embryonic eryth- 
rocyte of the first generation There is a certain morphologic analogy between the 
megaloblast and the nucleated erythroctye of the fetus One arrives therefore at the 
conception, as already advanced by Dameshek and Wilkinson and Israels, that there 
are two types of hemopoiesis the normoblastic or adult type and the megaloblas- 
tic or embryonic type Their appearance or disappearance depends on the factor of 
Whipple if the maturation factor is deficient, the fetal type of erythroblasts ap- 
pears m the bone marrow but if the factor is administered, the normal type of 
erythroblasts replaces the megaloblasts 

My interpretation is a little different from what precedes The megaloblast does 
not appear as the result of a substitution of two erythroblastic lineages, because 
such a substitution is never observed Rather than a substitution, a real transforma- 
tion occurs which changes the normal erythroblast into a megaloblast this mor- 
phologic transformation is caused by a deficiency of the maturation factor In other 
words the megaloblast is a normoblast suffering from a nutritional deficiency 
' This interpretation explains several particularities of the disease first of all, the 
megaloblast may exhibit morphologic monstrosities in a varying degree according 
to the degree of the deficiency This is analogous to what is seen in dystrophies 
caused by endocrine or vitatmn deficiencies In very advanced cases of pernicious 
anemia, the megaloblasts are typical and numerous In incipient cases, the eryth- 
roblasts are not very much different from normoblasts and there are intermediary 
forms between normoblasts and megaloblasts Finally when the treatment by liver 
mjcctions is instituted, there is a rapid transformation of the megaloblasts into 

normoblasts 

The metaplasia from normoblast to megaloblast, or vice versa, always affects the 
young forms of the series proerythroblasts and basophilic erythroblasts This is 
'why in cases of pernicious anemia in relapse the young basophilic cells are megalo- 
blastic while the older cells are normoblastic As soon as the liver treatment is in- 
stituted, the myelogram shows a normoblastic transformation of the basophilic 
erythroblasts without change in the polychromatophilic and orthochromic 
Megaloblasts 

Another proof of the existence of a nutritional dystrophy in pernicious anemia is 
provided by the aspect of the granulocytes and megakaryocytes of the bone 

marrow 

The granulocytes show morphologic changes the myelocytes arc very large and 
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pale looking with enormous nuclei The metamyelocytes have a ribbon-shaped 
nucleus with pseudopods The polymorphonuclears have a polysegmented nucleus 
(up to 15 segments) giving the appearance of a knotted chord 

The megakaryocytes also have a polysegmented nucleus all the cells formed in 
the bone marrow are afTected in pernicious anemia Btertticr s disease is a dystrophic 
myelosis, ajfectnig the hone marrow as a whole, and producing anemia, neutropenia and 
thrombocytopenia The morphologic changes resulting from the dystrophy are specific 
and constitute the basis for the diagnosis 

From a scientific point of view, the myelogram in pernicious anemia is very in- 
teresting because it constitutes an instance of a cytologic dystrophy which can be 
reversed by the administration of liver, of Castle’s factor, of folic acid 

One cannot help being struck by the analogy berween the cytologic dystrophy of 
pernicious anemia and certain cellular alterations of malignant neoplastic tissues 
In both cases there is the same excessive proliferation, the same cellular mon- 
strosity, the same cytoplasmic-nuclcar asynchromism, the same young aspect of the 
nucleus, same abnormal mitotic or amitotic cellular division 

On the other hand, hepatotherapy or folic acid treatment are very similar to 
vitamin therapy 

At the present time, therefore, one can say without exaggerating too much that 
pernicious anemia is a nutritional deficiency and a disease rather akin to cancer, in 
which the abnormal cellular proliferation is corrected by a chemically defined or- 
ganic substance 



REFRACTORY MEGALOBLASTIC ANEMIA 

jBj L S P Davidson, BA, MD, FRCP Ed and Lond , F R S Ed 

T he term “refractory anemia" was introduced by Bomford and Rhoads 
(1941) for anemias of a wide variety of types that were refractory either tem- 
porarily or permanently to hematinic therapy In 1943 Davidson, Davis and Innes 
published a series of papers entitled “Studies in Refractory Anaemia" which dealt 
with the problem of classification on the basis of examination of the bone marrow 
by sternal puncture and divided the anemias refractory to liver extracts into two 
main groups, namely (1} refractory anemias with hypocellular normoblastic mar- 
rows, and (i) refractory anemias with hypercullular megaloblastic marrows Of 
'particular significance was their finding that the prognosis was vastly different in 
the two groups Thus, of 16 patients in Group i, ii died of progressive anemia 
within a few months, while of 16 cases in Group x all eventually made a complete 
recovery Intensive treatment with large amounts of liver extract supplemented 
with iron and vitamins and repeated blood transfusions was required for long 
periods if such satisfactory results were to be obtained The long period of illness 
during which life was continuously in danger indicated the need for some thera- 
peutic agent which would cause a prompt remission comparable to that obtained 
with parenteral liver therapy in the relapse stage of Addisonian pernicious anemia 
In this paper the term refractory megaloblastic anemia is confined to cases of 
megaloblastic anemia which failed to respond hematologically and climcally to 
the parenteral administration of an amount of liver extract which has been proved 
to produce an optimal response in cases of Addisonian pernicious anemia The test 
preparation employed was Anahaemin, marketed by British Drug Houses Ltd , 
which has been found by the writer to be potent in a dose of x cc when adminis- 
tered parenterally in a large number of cases studied during the past ten years 
Every patient with refractory megaloblastic anetma received at least twice this 
dose after admission to hospital In addition many cases had received large amounts 
of potent liver extracts prior to being referred to us for investigation of their failure 
to respond Since infections, intoxications and advanced arteriosclerosis are known 
to inhibit or delay the response to parenteral liver therapy, patients exhibiting any 
of these complications were not included in the group of refractory megaloblastic 
anemia discussed below 

For many years the writer has suggested that chemical purification of liver ex- 
tracts for parenteral use removes some essential factor which is necessary for the 
tcstoration of normal blood formation in certain cases of megaloblastic anemia 
which have failed to respond to potent liver extract given parenterally The follow'- 
tng case history of a patient seen by the ■writer nearly fifteen years ago illustrates 
this problem very clearly 

Thcpaticnt wasa middlc-agcd business man who had worked in India for man\ ^ ears and had ah\a\s 
^ n in good health until one year before the present illness His case notes from Calcutta indicated that 
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a )cir prcMousI) he had had an attach of dysentery from which he apparently recovered completely A 
few months later he began to feel tired and breathless on exertion His tongue became sore and his bowels 
loose The report from a medical specialist in Calcutta indicated that he bad a moderate degree of micro 
cytic anemia and free h)drochloric acid was present in the gastric )uicc Despite all treatment, he con 
tinued to lose weight and strength rapidly and was sent home to Scotland for investigation of the cause 
of his illness When 1 first saw the patient he was extremely emaciated having lost 6 stone in weight 
during the previous twelve months He was passing pale, greasy , bulky stools and the blood picture was 
typical of Addisonian pernicious anemia His red cells numbered i M and his Hb 15 percent A hista- 
mme-fast achlorhydria was present He was diagnosed as sulTcring from tropical sprue and given a low fat 
diet supplemented by vitamins and iron Parenteral treatment with the liver extract Campolon was 
started This resulted in a rise of reticulocy tes to 15 per cent but no subsequent increase in red cells or Hb 
occurred The patient was desperately ill and life had to be maintained by blood transfusions Parenteral 
liver therapy was continued but was totally inc/Tcctivc The patient s diet was then changed to a high 
protein diet containing 150 Gm of protein daily in the form of meat and liver by mouth Within a week 
a remarkable improvement in his general condition and hematologic state occurred Within three months 
the patient gained nearly ^ stone in weight and his blood count and blood picture were restored to normal 
Of particular interest was the finding that free hydrochloric acid was again present in his gastric juice 
Contact was kept with this patient for many years and it was found that the complete clinical and 
hematologic remission was maintained 

This case represents a perfect example of a refractory megaloblastic anemia asso- 
ciated with the sprue syndrome which failed to respond to large quantities of crude 
potent liver extract given parentcrally and showed a dramatic improvement when 
given liver by mouth 

During the next ten years I occasionally encountered patients with the classic 
pernicious anemia blood picture who were refractory to parenteral liver therapy 
but who responded to liver given orally The problem of refractoriness was brought 
into prominence during an investigation which was conducted in Edinburgh into 
cases of pernicious anemia of pregnancy In this group of megaloblastic anemias we 
found that refractoriness to potent liver extracts given parentcrally is not uncom- 
mon The results of the investigation were published in 1942. (Davidson, Davis 
and Innes) Of 16 cases with a classic megaloblastic marrow 10 were refractory 
to liver extracts given parentcrally Shortly after this investigation our attention 
was attracted to the megaloblastic anemias associated with the sprue syndrome 
(tropical sprue and idiopathic steatorrhea), and here again we found patients who 
were either completely or partially refractory to potent liver extracts given paren- 
terally In addition to cases of refractory megaloblastic anemia associated with 
pregnancy, and the pucrperium and the sprue syndrome we also encountered cases 
of refractory anemia whose etiology was completely obscure, and to this group we 
gave the name ‘ idiopathic refractory megaloblastic anemia” and it is with this 
group that this paper is particularly concerned 

This short introductory note regarding our clinical investigations into refractory 
megaloblastic anemias over many years is given with the object of indicating why 
we desired to find a therapeutic agent which would be effective and why we be- 
lieved that this product could be produced from liver which had not been submitted 
to a process of chemical purification for parenteral therapy 

The first step in this investigation consisted of predigesting liver with the enzyme 
papain at a pH of 5 6, thus avoiding the danger of destruction of active principles 
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by exposure to acid or alkaline conditions The product obtained was a light brown 
powder completely soluble in water The name “proteolysed liver” was selected 
for descriptive purposes Since the walls of the liver cells had been completely dis- 
rupted It appeared likely that a high proportion of water soluble constituents 
would be liberated and hence retained in the final product, and that other active 
principles present as a protein complex would be set free and so be rendered avail- 
able for immediate absorption Clinical tests made with a 70 per cent alcohol 
soluble fraction of liver before and after digestion with papain supported this 
conclusion 

It was estimated that i oz of “proteolysed liver” was derived from 6 oz of raw 
"wet” liver The material which has since been marketed under the trade name 
"Hepamino” was first tested on 5 cases of classic Addisonian pernicious anemia 
and produced a dramatic response in all instances in a daily dose of j to J oz A re- 
port on the method of preparation and its clinical trial was published in 1943 
(Davis, Davidson, Riding and Shaw) During the next two years work was ex- 
tended to testing the preparation in cases of refractory megaloblastic anemia Thus, 
in 1944, we described the remarkable results produced in 4 cases of idiopathic 
megaloblastic anemia and in i case of refractory megaloblastic anemia of preg- 
nancy (Davis and Davidson) We also noted its therapeutic failure in cases of 
macrocytic anemia with a normoblastic marrow 

We suggested as a provisional hypothesis that “While failure of maturation of 
the megaloblasts in the great majority of megaloblastic anemias is due to defi- 
ciency of the liver principle of Castle present in fractionated liver extracts, in 
refractory megaloblastic anemias it results from an additional deficiency consequent 
on a failure in production or absorption of some unknown factor which is present 
in adequate amount and assimilable form in proteolysed liver and presumably also 
in whole liver ” In the same paper we discussed the possible nature of this factor 
and came to the conclusion that it was unlikely to be a mineral, an ammo acid, or 
any of the vitamins available at that time for clinical use We suspected that it 
might be folic acid or biotin, both of which were known to be present in consider- 
able quantities in liver From our assessment of the position we felt that folic acid 
Was most likely to be the missing factor and accordingly, in i 944 > we wrote to Dr 
Riding of Evans Medical Supplies Ltd , asking him to make a preparation of folic 
acid for clinical trial in refractory megaloblastic anemias The folic acid fraction 
sent to us for this purpose consisted of material precipitated by 70 per cent alcohol 
from a watery extract of liver This fraction is discarded in the manufacture of 
parenteral liver extracts as it has been repeatedly shown to be impotent therapeu- 
tically Nevertheless, it is in this fraction that most of the folic acid in liver is 
stated to occur, as determined by biologic assay As was to be expected from pre- 
vious clinical experience, this fraction was found to be impotent when fed in daily 

OSes of I oz to patients with pernicious anemia Unfortunately at that time no 
suitable case of refractory megaloblastic anemia was available on which to try the 
extract These results suggested that if folic acid was present in the nonproteolysed 
70 per cent alcoholic precipitate of liver, it existed in some conjugated form which 
could not be utilized by a patient with pernicious anemia or, alternatively, that 
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the content of folic acid in the test dose of extract was insufficient The nextstep 
taken was to submit the 70 per cent alcoholic precipitate of liver to papain diges- 
tion and see whether this would lead to the liberation of some hematinic factor 
which was not available in the nonprotcolysed 70 per cent alcoholic precipitate 
Three cases of Addisonian pernicious anemia were treated with this protcolyscd 
fraction Of these, 1 case responded moderately well and 2 . failed to show any re- 
sponse The single success achieved suggested chat as a result of enzymic digestion 
some potent material had been liberated but that the amount so liberated was in- 
sufficient to produce satisfactory results From an assay of folic acid in proteolysed 
liver carried out at a later date, this supposition was almost certainly correct Ac- 
cordingly we decided to obtain a more potent source of folic acid and were in the 
process of investigating measures to achieve this object when the synthesis of folic 
acid was announced by Angler et al (1945) and its clinical and hematologic effects 
in megaloblastic anemias were published by Spies et al C1945) Through the cour- 
tesy of Messrs Lcdcrle and Dr Spies, we were fortunate in obtaining adequate 
supplies of folic acid and have thus been able to confirm the observations made by 
Spies and other workers in America in regard to its effectiveness in all forms of 
megaloblastic anemia (Davidson and Girdwood, 1946, 1947) Of particular interest 
to us was the determination of the smallest dose of synthetic folic acid which would 
produce a hematologic response in pernicious anemia as this was obviously a matter ‘ 
closely related to the problem of what constituent in proteolysed liver was respon- 
sible for Its therapeutic activity in megaloblastic anemias refractory to potent 
parenteral liver extracts In this connection we should mention that of 5 cases of 
pernicious anemia treated with i 5 mg of folic acid daily all responded satisfac- 
torily Of 5 cases given i mg daily i gave an excellent response, 2. a moderate re- 
sponse and 2. gave no response The last x cases subsequently responded well to a 
daily dose of x 5 and 5 o mg respectively The problem of the minimal effective 
dose of folic acid is referred to again in the discussion 

Idiopathic RErRAcroRY Megaloblastic Anemia 

During the past six years more than 450 cases of macrocytic anemia have been 
submitted to a full clinical and hematologic examination including sternal biopsy 
in the wards and blood clinics under my charge Approximately 75 cases out of this 
group were found to be cases of macrocytic anemia with a normoblastic marrow 
and need not be considered in this paper They included many examples of the sprue 
syndrome and cases of chronic hepatitis, aplastic and hypoplastic anemia, macro- 
cytic hemolytic anemia and aleukemic leukeima Three hundred and fourteen cases 
were diagnosed as classical pernicious anemia and all responded satisfactorily to 
parenteral liver therapy, proteolysed liver or folic acid In addition, parenteral 
liver therapy was effective in ix cases of megaloblastic anemia associated with 
pregnancy and the sprue syndrome Lastly there were 59 cases of megaloblastic 
anemia refractory to potent parenteral liver extracts Since a description has been 
given in our previous publications of cases associated with pregnancy and the 
puerpenum and with the sprue syndrome it has been decided merely to illustrate 
representative cases of these groups with graphs showing the effect of treatment 



L S P DAVIDSON 


in 



tttOAtOBLAiTlC NoRtAoeuiSTie 

nARRov HAAfioW 

Fig I A woman, aged 37, with refractory mcgnloblasnc anemia associated with idiopathicstcator- 
rhca Response to folic acid (See Case History x ) 



IIX 


RErRACTORY MEGALOBLASTIC ANEMIA 


With protcolyscd liver .md folic acid (figs i, z and 3), and confine our observations 
essentially to the group which we have called “idiopathic refractory megaloblastic 
anemia ” 

A patient is placed in this group only if the cause of the megaloblastic anemia 
cannot be ascribed to direct dietary deficiency, pregnancy or the puerperium, mal- 
absorption from the gastrointestinal tract or hepatic disease It is obvious chat the 
more thorough is the investigation and the more prolonged the period of observa- 
tion the fewer will be the cases which will be classified as idiopathic This point is 
well illustrated by the following z case histones 



DAYS 

Fio 3* Refractory mcgalobhstic anemia associated with pregnancy Response to protcolyscd liver 

CASE HISTORY I 

First admuston A man, age 6i He gave a two years history of weakness, breathlessness and anemia 
but there was no history of diarrhea, of paresthesia, of unsteadiness in walking, or of pain in the tongue 
His diet had been satisfactory A diagnosis of pernicious anemia was made in a neighboring hospital and 
the patient received X4 cc of a potent purified liver extract CAnahaerain) during a period of four weeks 
The patient s condition continued to deteriorate so he was transferred to our clinic for further investiga- 
tion and treatment 

When admitted the patient was very weak His blood figures were as follows Hb x8 per cent, R B C 
95o,ooopcrcu mm.WBC 5,ioopcrcu rara,PCV 13 o per cent, M C V 1368CU microns,MCH 
C 30 o per cent, reticulocytes! 1 per cent, C I 15 The marrow was megaloblastic and a test meal showed 
that free hydrochloric acid was present No other abnormality was found and at no time during the period 
of the first admission to our wards did the patient sufi’er from looseness of the bowels He was treated 
with !0 mg of folic acid daily and this resulted in a reticulocyte peak of 18 2. per cent, a rapid gam in red 
cells and transformation of the marrow to the normoblastic state Eventually the red cell count reached 
a level of 5 million A diagnosis of idiopathic refractory megaloblastic anemia was made 

* Figures 3 and 4 previously appeared in Pernicious Anemia and Other Megaloblastic Anemias, 

L S P Davidson and L J Davis, in Ai/r/mw m New York, Interscience Publishers, 

Inc , 1947, vol II, pp 481-547 Reproduced by permission of the publishers 
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Secofid admission The patient returned to hospital a year later because his ankles were painful and 
swollen He had been having repeated courses of folic acid and the red cell count was moderately satisfac- 
tory, being 4,110,000 per cu mm Examination of the stools revealed that he was now passing two large 
motions daily and these were pale, greasy and bulky A fat balance test was carried out and this showed 
that the patient was absorbing only 59 per cent of ingested fat (normal 90 to 95 per cent) This clearly in- 
dicated that the patient was suffering from a malabsorption syndrome and accordingly the diagnosis was 
revised to that of idiopathic steatorrhea 


CASE HISTORY 2. 

First admission A woman, age 37 Admitted to hospital in March, 1944, when she was five months 
pregnant Her hemoglobin was then 56 percent and red cells a, 050,000 per cu mm The bone marrow was 
megaloblastic A test meal showed the presence of free hydrochloric acid A diagnosis of pernicious 
anemia of pregnancy was made She failed entirely to respond to 4 cc of Anahaemin given intramuscu- 
larly, but responded to proteolysed liver, an increase of red cells of one million per cu mm occurring m 
twenty days The patient was then discharged from hospital, but owing to difficulty in obtainmg proteo- 
lyscd liver she did not continue treatment 

Second admission She was readmitted in April, 1946, with a history of weakness and of intermittent 
diarrhea of a fatty type, a fat-balance test showed the percentage absorption to be 75 per cent A test meal 
again showed the presence of free hydrochloric acid She had never been abroad, and the dietetic history 
was normal No antianemic treatment had been given for eighteen months before the commencement of 
folic acid therapy At the start of folic acid therapy her blood findings were as follows Hb 40 per cent, 
red cells 1,370,000 per cu mm , white cells 7,800 per cu mm , P C V 19 o per cent, M C V 138 7 cu 
microns, M C H C a8 9 per cent, reticulocytes 3 5 per cent, C I i 5 

The reticulocyte response and the rise in red cells over a therapeutic period of 14, ai and x8 days 
reached the standards demanded by the U S P Board (sec fig i ) 

A diagnosis of idiopathic steatorrhea was made 

These case histones, together with others which we do not think it is necessary 
to elaborate, suggest that a failure in absorption from the alimentary tract may be 
a primary fault in some cases of idiopathic megaloblastic anemia In a few of these 
patients the poor bodily build and lack of development of the skeleton suggested 
previous malabsorption from the gastrointestinal tract though no history of diar- 
rhea could be obtained at any time from infancy up to the presenting illness The 
absence of such a history may have little significance since we have clearly demon- 
strated in the sprue syndrome that fat absorption may remain grossly defective 
although diarrhea is absent and the patient's general health is good either as a 
result of folic acid therapy or from spontaneous remission (Davidson, Girdwood, 
and Innes, 1947) Other possible causes of alimentary dysfunction which are worthy 
of consideration are an abnormal intestinal flora or chemical or enzymic secretory 
defects which destroy the antianermc factor or fail to liberate it from us bound 
form in natural foods 

Some of the clinical and hematologic features of the group of cases labelled idio- 
pathic refractory megaloblastic aneima are given in table i The patients were of 
both sexes and their ages ranged from li to 76 years The chief complaint in all 
cases was weakness and breathlessness on effort, and physical examination usually 
revealed nothing of importance other than the signs and effects of severe anemia 
Acute glossitis and objective signs of involvmcnt of the central nervous svstem 
were absent Chronic glossitis was frequently noted The Incr, spleen and l)m- 
phatic glands were not enlarged The blood picture and the bone marrow v ere 
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identical with that seen in Addisonian pernicious anemia at corresponding levels 
of anemia, except in Cases i6, 17, 18 (see table i) In those eases with histamine- 
fast achlorhydria the di/Tcrcntial diagnosis from pernicious anemia was impossible 


TAnen i Cases of hhapathtc Kefracter^ Meyi!oblasttc Anemta 


Case no 

, Sex ' 

j 

1 ^KC 

1 rcc lie 1 

1 

Irt 

HI) 

r- 

! 

iLfore 

■atment 

Red cells 
Imills/ 
cti mm ) 

Treatment i,ncn 

Initial IiemaloIoKic response 
to treatment 

I 

I M 

46 

Absent 

iS 

I 17 

Intcnsneliaer, iron, as- 

Slow and dcla)cd 

2. 

M 

XO 

Present 

^3 

0 88 

corbie acid, rransfii- 
<:ion 

Slow and dela) cd 

3 

F 

55 

Absent 

iS 

0 77 


Slow and dela) cd 

4 

F 

51 

! Absent 

3* 

* 3> 


Slow and delayed 

5 

F 

41 

; Present 

1 

0 86 


Slow and dcla)cd 

6 

F 

! 34 

1 Absent 

18 

0 75 


Slow and dela) ed 

7 

F 

45 

Absent 

32- 

I 91 


Slow and dela)ed 

8 

F 

34 

Absent 

18 

0 89 


Slow and dela) ed 

9 

F 

51 

Absent 

“7 

I 34 

1 

Slow and delated 

10 

M 

'4 

Absent 

44 

1 80 

Proteol) sed liter 

Prompt 

1 1 

M 

IX 

j Present 

32- 

I 13 

Proteol)scd liter 

Prompt 


F 

61 

' 

41 

' 74 

Protcolt sed liver 

Prompt 

1} 

F 

56 

Absent 

30 

I 16 

Protcol) sed liter 

Prompt 

M 

1st admission 

1 M 

46 

Present 

36 

1 X4 

Anahaemin 

Slow and iinsustaincd 

znd admission 

15 

M 

XI 

Present 

Present 

18 

46 

1 X 

« 77 

Protcol) sed liter 
Protcol) sed liter 

Prompt 

Prompt 

16 

F 

76 

Absent 

XX 

0 97 

Protcolysed liter 

Moderate response 

17 

F 

65 

— 

x6 

0 98 

Protcolysed liter 

Moderate response 

18 

M 

58 

1 

I Present 

38 

1 65 

&. anahaemin 
Protcolysed liver 

Moderate response 

19 

F 

71- 

— 

3^ 

I 13 

Protcol) sed liver 

Moderately rapid 

xo 

' M 

66 

Present 

45 

I 8t 

Proteol)scd liver 

Prompt 

XI 

ist admission 

M 

60 

! Absent 

50 

I 93 

Protcolysed liter 

Prompt 

ind admission 

XX 

F 

5^ 

Absent 

Absent 

58 

34 

I 99 

I 06 

Folic acid 

Folic acid 

Prompt 

Prompt 

2-3 

F 

70 

Absent 

44 

I 93 

Folic acid 

Prompt 

^4 

F 

63 

Present 

5^ 

I 78 

Folic acid 

Prompt 

^5 

M 

53 

Absent 

38 

I x8 

Folic acid 

Prompt 


Cases s6, jy, sS These 3 eases had a dimorphic bone marrow Although some typical megalo- 
blasts were present the majority of the crythroblasts were normoblasts or cells intermediate in 
appearance between megaloblasts and normoblasts 

Case Ip Owing to vomiting this patient was initially unable to take adequate quantities of 
protcolysed liver 

until their failure to respond to parenteral injections of potent liver extract was 
discovered In other cases the presence of free hydrochloric acid in the gastric juice 
was a point of exceptional diagnostic importance Such cases would conform to the 
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RErRACTORY MEGALOBLASTIC ANEMIA 


diagnosis of achrestic anemia as defined by Israels and Wilkinson (1936, 1940) 
When the disease occurs in patients below the age of 30 and is not associated with 
pregnancy, suspicion should be aroused that the case is not one of classic pernicious 
anemia Likewise, if the state of nutrition is unsatisfactory and the skeleton poorly 
developed a malabsorption syndrome should be suspected As has already been em- 
phasized the patients were only placed in the idiopathic group when search for a 
cause for the anemia had failed to establish any satisfactory etiological explana- 
tion With regard to treatment it should be noted in table i that cases i to 9 were 
under our care prior to the advent of proteolysed liver and folic acid They had a 
prolonged and dangerous illness lasting weeks or months and many would have 
succumbed if life had not been supported by repeated blood transfusions while in- 
tensive treatment with parenteral liver extract, iron and vitamins was continued 
Cases 10 to zi were treated with proteolysed liver, and cases zi to Z5 with folic 
acid Case zi was treated successfully in his first relapse with proteolysed liver A 
second relapse, resulting from cessation of treatment, responded excellently to folic 
acid In contrast to cases i to 9 whose response to treatment was slow and pro- 
longed, cases 10 to Z5 responded to proteolysed liver or folic acid in a manner com- 
parable to that obtained in pernicious anemia with parenteral liver extract therapy 
Representative examples of these cases arc shown in figures 4 and 5 

Discussion 

The parenteral injection of chemically purified liver extracts and the oral ad- 
ministration of liver, liver extracts, proteolysed liver and folic acid produce identi- 
cal effects m transforming the megaloblastic bone marrow of Addisonian pernicious 
anemia into the normoblastic state as has been clearly demonstrated by studies of 
the bone marrow by ourselves and other workers It may therefore be assumed that 
some common factor is responsible for this effect Since daily doses of i mg of syn- 
thetic folic acid will accomplish this result it appears likely that folic acid itself is 
the maturation factor, or plays some essential role in the final stage of the process 
of maturation Since purified liver extracts for parenteral therapy are practically 
devoid of folic acid it seems not unreasonable to suppose that they produce a trans- 
formation of the bone marrow through their ability to liberate free folic acid from 
Its conjugated state Hence it may be postulated that in pernicious anemia the in- 
ability of the stomach to produce Castle’s intrinsic factor leads to a failure in the 
production of an interaction product whose function is to liberate free folic acid 
There appears to be no failure in the absorption of conjugated folic acid since an 
immediate response is obtained to the injection of purified liver extract even when 
the patient has been partaking of an unsatisfactory diet for long periods 

In contrast the refractory megaloblastic anemias may be considered to be due to a 
failure in the supply of conjugated foiic acid since no response occurs to the injec- 
tion of large doses of potent purified liver extract This failure of supply may result 
from direct nutritional deficiency as occurs particularly in tropical countries such 
as India (Lucy Wills, 1931) and the anemia may be partially or completely refrac- 
tory to large doses of purified liver extract given parenterally Other cases can be 
explained on the basis of a malabsorption syndrome as is typically seen in tropical 
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Sprue and idiopathic steatorrhea (see figs i and z) As has already been noted some 
of these cases may not be recognized because a failure in absorption can occur in the 
absence of diarrhea In other cases the possibility exists that abnormalities in the 
intestinal flora, or chemical and secretory changes in the alimentary tract may 
destroy folic acid or make it unavailable to the body in some way as yet unknown 
Lastly the liver plays an important role in the storage and possibly the final 
synthesis of the liberating factor formed from the interaction of Castle’s intrinsic 
and extrinsic factors It may also be of importance in the storage and liberation of 
free folic acid Accordingly it is not surprising that in severe chronic disease of the 
liver a megaloblastic anemia is occasionally found In our experience, however, 
the macrocytic anemia of hepatic disease is accompanied much more frequently by 
a normoblastic marrow reaction Accordingly it may be concluded that a deficiency 
of conjugated folic acid can result from a variety of causes, some of which are 
known while others can merely be suspected The resulting megaloblastic anemia 
will be partially or completely refractory to parenteral liver extracts depending on 
the relative degree of deficiency of conjugated folic acid All types of megaloblastic 
anemia respond to the administration of free folic acid This is not surprising since 
by giving free folic acid the need for an interaction to take place between the 
liberating factor contained in purified liver extracts and conjugated folic acid con- 
tained in food IS circumvented What is surprising is the dramatic therapeutic effect 
produced by the oral administration of folic acid in the malabsorption syndromes 
such as sprue We can only assume that the capacity to absorb different substances 
m this syndrome varies greatly Thus absorption of fat appears to be particularly 
poor while the absorption of free folic acid must be nearly perfect since a daily dose 
of 5 mg or less will produce the most dramatic clinical and hematologic improve- 
ment in sprue cases with a megaloblastic anemia 
Lastly It IS necessary to consider why proteolysed liver is usually as effective in 
the treatment of refractory megaloblastic anemia as is free folic acid 
Proteolysed liver contains the liberating factor present in chemically purified 
liver extracts for parenteral use Experience has shown, however, that oral treat- 
ment with whole liver is very much less effective than parenteral treatment with 
liver extract derived from an equivalent amount of liver 
The therapeutic effects of proteolysed liver in refractory megaloblastic anemia 
cannot therefore be ascribed to its content of this factor Proteolysed liver is a rich 
source of amino acids readily available for absorption because of the predigestion 
of liver protein with papain We have treated cases of pernicious anemia with a 
papain digest of beef protein without any response, and hence do not think it likely 
that the therapeutic activity of proteolysed liver depends on its content of ammo 
acids It is possible, however, that liver contains some ammo acid in high concen- ' 
tration which is necessary for the maintenance of normoblastic blood formation 
No evidence of this hypothesis is, however, available Supplementing the diet with 
individual ammo acids such as methionine and choline has not been found effective 
in the treatment of the megaloblastic anemias Proteolysed liver is a rich source of 
many vitamins, especially of the vitamin B complex including folic acid The 
question therefore arises whether the therapeutic effects of proteolysed liver can be 
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ascribed to its content of folic acid Before this question can be answered it would 
be necessar) to undertake an assay of its folic acid content by the biologic methods 
at present in use Opinion appears to dilTtr widely among experts whom we have 
consulted in regard to the accuracy of such methods when used for the estimation 
of folic acid in foods and tissues The only figures which we have available have 
been supplied to us by Dr Riding of Evans Medical Supplies Ltd , who found an 
average figure of o 8 mg of folic acid per 02 of prottolysed liver This quantity 
approaches the lowest amount of synthetic folic acid which we have found to be 
effective in the treatment of Addisonian pernicious anemia As previously noted, of 
5 cases given 1 mg a day only i gave an optimal response, 2. showed no response 
and z showed a moderate response In contrast the first 5 cases of pernicious anemia 
treated with protcolysed liver in doses of Jess chan oz daily (folic acid content 
o 4 mg ) all showed an optimal response It may be safely concluded that the 
therapeutic effect of free folic acid must have been augmented by other hematinic 
principles contained in the preparation, e g the liberating factor and possibly 
other members of the vitamin B complex The lowest dose of folic acid which we 
have used for the treatment of refractory megaloblastic anemia is z 5 mg daily 
and this dose was effective in the only case in which it was tried, hence we are 
unable to state what is the minimal effective therapeutic dose in this group of 
anemias Even if it be assumed that it is in the region of i mg daily the results 
achieved by i oz of proteolysed liver daily in refractory megaloblastic anemia 
were superior to that produced by i mg daily of synthetic folic acid in pernicious 
anemia Accordingly we feel that the beneficial effects of proteolysed liver in re- 
fractory megaloblastic anemias cannot be explained solely on its content of folic 
acid, nor on its content of the liberating factor since large amounts of purified liver 
extract given parenterally are ineffective 

The superior efficiency of orally administered liver or proteolysed liver to liver 
extract given parenterally in refractory megaloblastic anemia can be explained on 
one or other of the following hypotheses (i) That some interaction takes place in 
the gastrointestinal tract between the ingested liver preparation and gastro- 
intestinal enzymes which leads to a potentiation of hemopoietic factors already 
present, or (z) that liver and proteolysed liver contain some essential hemopoietic 
principles, including folic acid and possibly other members of the B2 complex, 
which are removed or destroyed in the chemical processes used in the manufacture 
of liver extracts for parenteral injection 

Additional support for this latter view is suggested by the following observa- 
tions We have many cases of tropical sprue and idiopathic steatorrhea who 
persistently have a moderate degree of macrocytic anemia which is entirely re- 
sistant to parenteral liver therapy The bone marrow presents a picture which is 
mainly normoblastic but many erythroblasts have an appearance intermediate 
between a megaloblast and a normoblast The failure of parenteral liver therapy 
and iron to restore the marrow picture to normal and the persistence of a macro- 
cytic anemia clearly indicate a lack of some additional hematinic factor The hope 
that this factor would be folic acid was not realized as can be clearly seen in the 
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protocols of our cases published in 1946 (Davidson, Girdwood, and Innes) Pro- 
teolysed liver also was found to be ineffective in some of these cases of refractory 
macrocytic anemia associated with the sprue syndrome In x or 3 cases, however. 
It caused a considerable increase in the blood level after parenteral liver therapy 
and folic acid by mouth had failed In such cases we concluded that proteolysed 
liver contained some additional hematinic principle whose composition was still 
unknown An investigation into the nature of this principle is proceeding Our 
therapeutic program in operation at the present time is based on the investigations 
detailed above Our practice is to treat all cases of megaloblastic anemia in the 
first instance with parenteral liver extracts Should the result be unsatisfactory we 
prescribe folic acid If this fails to restore the blood picture to normal we give i oz 
of proteolysed liver daily By this means we are able to restore the blood picture 
qualitatively and quantitatively to normal in the great majority of cases of megalo- 
blastic anemia of all types 

Summary 

1 Fifty-nine cases of megaloblastic anemia refractory partially or completely 
to potent liver extracts given parenterally have been investigated in Edinburgh 
during the past six years Thirty-four of these cases were associated with preg- 
nancy, the puerperium or the sprue syndrome No explanation of the cause of the 
megaloblastic anemia was discovered in the remaining Z5 cases 

z The etiology, clinical features and treatment of Z5 cases of idiopathic re- 
fractory megaloblastic anemia are described Attention is directed to the excellent 
therapeutic effects produced by proteolysed liver or folic acid 

3 The mechanisms involved in refractoriness to potent parenteral liver extracts 
are discussed 

4 In certain cases of refractory megaloblastic anemia it is suggested that an un- 
known hematinic principle, in addition to the liberating factor in purified paren- 
teral liver extract and folic acid, is required for the complete restoration of normo- 
blastic blood formation 
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FURTHER OBSERVATIONS ON THE SPECIFICITY OF THE FOLIC 

ACID MOLECULE 


By Tom D Spies, M D , Guillermo Garcia Lopez, M D , Robert 
E Stone, M D ,* Fernando Milanes, M D , Robert O 
Brandenburg, M D ,* and Tomas Aramburu, M D 

I T HAS been established that pteroylglutainic acid (folic acid) stimulates the 
development of white blood cells, red blood cells and platelets in a variety 
of animal species and in persons who have certain types of macrocytic anemia Our 
studies of folic acid have been concerned chiefly with the striking hematologic 
response which follows its administration to persons with pernicious anemia, 
nutritional macrocytic anemia and tropical sprue in relapse This response has been 
described in considerable detail,^ and it has been pointed out that it is indis- 
tmguishable from that which follows the administration of refined liver extracts 
Nevertheless, the potency of refined liver extracts is out of all proportion to the 
amount of folic acid they contain, and it is our working hypothesis that the 
hemopoietic factor in refined liver extracts differs chemically from folic acid per se 
The study of the synthetic folic acid molecule offers great promise toward de- 
termining something of the nature of blood regeneration Recently we showed^ 
that patients who do not show a hematologic response to methyl folic acid will 
respond to the folic acid molecule Since this study was reported, we have investi- 
gated the hemopoietic properties of six additional compounds, somewhat related 
to folic acid in their chemical structure, in persons with Addisonian pernicious 
anemia, nutritional macrocytic anemia and tropical sprue in relapse This com- 
munication IS concerned with these extended observations on the specificity of 
the folic acid molecule 

Materials and Methods 

From a large group of patients, ii patients with macrocytic anemna were se- 
lected for study Four of these were classified as Addisonian pernicious anemia, 3 
as nutritional macrocytic anemia, and 4 as tropical sprue patients In all cases 
megaloblastic proliferation and defective maturation, a red blood cell count of 
less than z 5 rmllion and a color index of more than i were essential diagnostic cri- 
teria For a differential diagnosis of the type of macrocytic anemia, additional 
criteria were the absence of free hydrochloric acid in the gastric contents even 
after histamine stimulation in pernicious anemia and the presence of free hydro- 

Northwcstcrn University Studies in Nutrition and Metabolism at the Htllman Hospital, Birmingham, 
Alabama, and at the Calixto Garcia Hospital, Havana, Cuba, in cooperation with the University of 
Havana From the Department of Nutrition and Metabolism, Northwestern University 

This study was made possible by grants from Lederle Laboratories, Inc and The National Vitamin 
Foundation 
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chloric acid in nutritional macrocytic anemia and sprue Usually the patients with 
nutritional macrocytic anemia had diarrhea characterized by loose, dark stools 
The diarrhea present in the patients with sprue was characterized by large, liquid 
to semisolid, foul-smelling stools, varying in color from whitish yellow to yellow- 
ish green A diagnosis of sprue was not made in the absence of steatorrhea The 
glucose tolerance curve tended to be flat in both nutritional macrocytic anemia 
and sprue, and loss of weight, which usually had occurred in both, tended to be 
greater in sprue than it was in nutritional macrocytic anemia A history of sub- 
sistence on an inadequate diet over a period of years was given by all of the patients 
with sprue and nutritional macrocytic anemia 

All the patients were admitted to the hospital where thorough medical and 
dietary histones were obtained and a complete physical examination was made 
Rigid dietary control was instituted on admission and continued throughout the 
duration of the study Meat, meat products, fish and poultry were excluded Only 
I pint of milk, I hard cooked egg and 3 level teaspoons of butter were allowed 
daily Raw vegetables were excluded and all other vegetables were served over- 
cooked All other foods were allowed in any amount desired 
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Fig I Formi L PtEnoiL Glutamic Acid (FoRNn L Folic Acid) 

For both the white cell and erythrocyte counts, certified Trenner pipets were 
used The hemoglobin content of the blood was determined in grams by means of a 
Leitz or an Evelyn colorimeter The reticulocytes were counted in wet preparations 
by the use of a modified brilliant cresyl blue solution of Dameshek In all cases 
permanent fixed preparations of blood smears were made just prior to treatment, 
and once or twice a week thereafter cell volumes were determined on oxalated 
venous blood by means of Wintrobe hematocrit tubes Prior to treatment, bone 
marrow was obtained and again at the peak of rcticulocytosis, and still another 
specimen was obtained when the reticulocyte count returned to normal Differential 
coxmts were made on preparations stained with both supravital and Wright-Giemsa 
stains 

After baseline determinations were completed, zo mg of the Mg salt of formyl 
pteroyl glutamic acid (see fig i) was administered orally to i patient with 
pernicious anemia and to i patient with nutritional macrocytic anemia for ten 
days Twenty mg of the Mg salt of formyl pteroic acid (S lactis factor) (see fig 
z) was administered orally to i patient with pernicious anemia for ten days 
Twenty mg of N-(4-(4-quinazoline) ammo) benzoyl)-glutamic acid (see fig 3) 
was given orally to i patient with pernicious anemia for ten days Then the dose 
was increased to 50 mg daily for five days Twenty mg of pteroyl aspartic acid 
(see fig 4) was given orally to i patient witli tropical sprue for ten days, and 40 
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Fig 7 Liver L Casei Factor 
N-[4-{ [(i-amino-4-hydroxy-6-ptcridyl)mcthyl]aniino) benzoyl] glutamic acid 

ffig was given daily for an additional ten days Another patient with tropical sprue 
was given xo mg orally for ten days Twenty mg of ovyfolic acid Q^ce fig 5) was 
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given daily by mouth to one patient with nutritional macrocytic anemia and to i 
patient with pernicious anemia for ten days Twenty mg of oxypteroic acid* 
(see fig 6) was given daily by mouth to x patients with tropical sprue If, within 
ten days, reticulocytosis had not occurred, lo mg of folic acid (see fig 7) was 
administered until the blood values reached satisfactory levels 

Results 

Response to Mg Salt of Forniyl Pteroyl Glutatmc Aetd Following the administra- 
tion of this material to the patient with pernicious anemia, the reticulocytes began 
to rise on the seventh day and reached a peak of 9 6 per cent eleven days after its 
administration was initiated This was followed by a slight increase in red blood 



Fio 8 ^Comparative response to folic acid and Mg salt of form>l ptcro^l glutamic acid in a patient 
with addisonian pernicious anemia 

cells, hemoglobin, white blood cells and platelets The response, however, was 
poor compared to his response to the administration of folic acid per se during an- 
other comparable relapse of the disease when his reticulocytes began to rise on the 
fourth day of therapy and reached a peak of 39 8 per cent on the eighth day (see 
fig 8) By the end of ten days there was an increase in white blood cells and plate- 
lets The response of the patient with nutritional macrocytic anemia to Mg salt 
of formyl pteroyl glutamic acid was shghtly greater, but it was not of the magni- 
tude which followed folic acid per se Following the administration of Mg salt of 
formyl pteroyl glutamic acid, the reticulocytes began to rise on the fourth day and 
reached a peak of 2.5 4 per cent on the tenth day, whereas on folic acid per se, 

♦ The Mg salt of formyl pteroyl glutamic acid and the Mg salt of formyl pteroic acid were furnished 
by Dr Y SubbaRow of Lederle Laboratories, Inc The N-f4-(4-qumazolme) ammo) bcnzoyl)-glutamic 
acid, the pteroyl aspartic acid, the oxyfolic acid and the oxypteroic acid were furnished by Dr Gustav 
Martm of The National Drug Gampany Only small quantities of these compounds were available so that 
in no instance did wc have an opportunitj to test the effect of massive doses 
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which was administered during another, but comparable, relapse of the disease, 
the reticulocytes began to rise on the third day and reached a peak of 6o 4 per cent 
on the eighth day (see fig 9) There was a slight rise in the red blood cells, hemo- 
globin, white blood cells and platelets following the administration of the Mg salt 
of formyl pteroyl glutamic acid but they did not reach satisfactory levels until folic 
acid therapy was initiated 

Response to Mg Salt of Fonnyl Pterotc Actd QS lactts Factor) The administration of 
this material in the dosage given did not produce blood regeneration in a patient 
with pernicious anemia, whereas an excellent response followed the administra- 
of folic acid per se 




Fig 5 Comparative response to folic acid and Mg salt of formyl pteroyl glutamic acid m a patient 
with nutritional macrocytic anemia 

Response to N-(^4-C4-Qu/nazolme) ammo) benzoyfyClutamtc Actd Neither the pa- 
tient with pernicious anemia nor the one with nutritional macrocytic anemia had 
any hematologic response to this material at the dosage level used On subsequent 
therapy with folic acid an excellent response was observed 
Response to Fteroyl Aspartic Actd Blood regeneration did not follow the adminis- 
tration of this material at the dosage level given in either of the z cases of tropical 
sprue Both these patients later showed a good response to folic acid 
Response to Oxyfoltc Actd The administration of this material produced no blood 
regeneration in the patient with pernicious anemia or in the one with nutritional 
macrocytic anemia at the dosage level administered Subsequent treatment with 
folic acid was followed by an excellent response 
Response to Oxypterotc Actd At the dosage level used, blood regeneration did not 
follow the administration of this material in two cases of tropical sprue, whereas 
folic acid therapy which was given later produced an excellent response 
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Summary and Conclusions 

Methyl folic acid,- N-(4-(4-quin.'iAolinc) ammo) bcnzoyl)-glutamic acid, the 
Mg salt of formyl ptcroyl glutamic acid, the Mg salt of formyl ptcroic acid, ptcroyl 
aspartic acid, oxyfolic acid and oxyptcroic acid have been studied as to their effect 
on blood regeneration in selected cases of Addisonian pernicious anemia, nutri- 
tional macrocytic anemia and tropical sprue In the amounts administered, only 
the Mg salt of formyl ptcroyl glutamic acid was effective in producing reticulo- 
cytosis and an increase in red blood cells, hemoglobin, white blood ceils and plate- 
lets, and It was not as effective per unit of weight as was folic acid per sc Presum- 
ably this compound is slowly changed into folic acid in the body It is of special 
interest that the Mg salt of formyl pteroic acid (Streptococcus lactis factor) was 
negative in producing hemopoiesis These observations show the very great 
specificity of the folic acid molecule 
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A CASE OF PERNICIOUS ANEMIA REQUIRING ENORMOUS AMOUNTS 
OF LIVER, ESPECIALLY BY MOUTH, OVER TWENTY YEARS 

By Roger I Lee, M D 

I STILL believe that there is a place for the occasional case report in medical 
literature A disease like pernicious anemia, with its protean manifestations and 
wide variations of course, presents difficulties in the way of statistical presentation 
I have used the present case for clinical demonstration a number of times If we 
both live, her case may be continued 

At first I used to demonstrate this patient, who needed a large amount of liver 
over a good many years for the treatment of pernicious anemia, as a contrast to 
another patient who needed liver only once a month or so There was, I think, no 
possible doubt of the diagnosis in the x cases, but the contrasting case unfortu- 
nately died of an intercurrent disease 

REPORT OF CASE 

The case which I report is chat of a woman who was seen first in March 192.5 She was a school 
teacher, then 39 years of age She had symptoms of fatigue and weakness, with irregular fe\cr beginning 
in 1913 When she was first seen, the platelets were very much increased and a positive diagnosis of per- 
nicious anemia was not made until August 1915 The feature of her early course was a continued fever 
She was put on a diet of raw liver, but escaped observation b> going to another part of the countrv where 
liver was discontinued In 191.8 she developed trouble with her legs In 192.9, she presented a fairly typical 
ataxic paraplegia She was given one -halt pound of raw liver a day with a great deal of improscment m 
her ability to walk, although she still presented the clinical picture of ataxic paraplegia Since this 
episode and to the present time, she has required a very large amount of liver She has had liver in every 
available form If she did not have some liver by mouth and tried to depend entirely upon in)CCtions of 
liver, slowly she would develop headache, backache, and some slight difficulty with her bladder When 
she increased the liver by mouth, these symptoms would slowly subside All the time she was taking 
injections of liver extract, usually once a week and sometimes twice During the war years when liver 
was difficult to obtain, this patient had a particularly hard time in securing the liver to be taken bv 
mouth She did very well on half a pound of beef liver (she could not take pig s liver) six day^s a week 
That would represent a yearly intake of 150 pounds of liver, by mouth This woman weighed onlv 100 
pounds on the average, sometimes less and sometimes more Gjnsequcntly, she ate her weight in liver in 
a vear and this was in addition to the injections of liver In the twenty odd years which she has been 
under treatment, she has taken by mouth ccruinly over a ton of raw liver In addition, we have given her 
jron, all forms of liver substitutes by mouth and every form of liver extract None has had the same effect 
as the raw liver by mouth We have given her vitamins, all without any appreciable effect We have also 
gi'cn her folic acid and this too in addition to the injections of liver and what liver she can take bv 
mouth We have no final opinion on the effect of folic acid yet, but it docs seem to be beneficial During 
all this time, her hemoglobin has been running from 84 to 94 per cent and her red cell count four and a 
half to five million 

Beacon St , Boston, Massachusetts 
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A \cr) curious fciturc has been tint slic \sould develop hcadiclic, bad pain and some increased dis 
turbance of the bladder and in walking long before she showed anj evidence of disturbance in her blood 
Gradually, the blood would show evidences of a slight deterioration, but this was never very marked 
The improvement of svmptoms would anticipate b} a month or two the improvement of her blood These 
down dips in her s)mptoms were usuall) initiated bj an intercurrent infection or some complication 
which made it dilhcult for her to get the additional liver to take b) mouth 

Anyone who has studied pernicious anemia appreciates the wide variation in the 
spontaneous course of tlie disease In this case, it is to be noted that fever was an 
early symptom and that this was by no means slight I regard that as an indication 
of the intensity of the condition The contrasting case, which I used to show with 
this patient, at no time had fever Her condition seemed to be of a gentler kind 
The patient in this contrasting case, in spite of the small amount of liver that she 
took, due to the fact that she felt well, never developed the lesions of pernicious 
anemia in the central nervous system I think it has long been recognized that the 
more intense cases of pernicious anemia arc more likely to have lesions of the cen- 
tral nervous system, although it is well known that all long-standing cases of 
pernicious anemia have at autopsy actual lesions in the central nervous system 
Our patient developed symptoms of the central nervous system early At one time, 
there was a great deal of discussion as to the eflicacy of liver therapy in lesions of 
the central nervous system This case would seem to indicate that liver therapy does 
not cause complete regression of the lesions of the central nervous system, but it 
keeps them under control 

At no time during these twenty years, has this patient had an enlarged liver, 
enlarged spleen, hypertension or particularly abnormal blood chemistry, although 
the non-protcin-nitrogen was apt to be in the high 30’s and the uric acid was apt 
to be around four 

This case indicates several things to me 

I The variation in the intensity of the disease of pernicious anemia 

X That involvement of the central nervous system is apt to indicate a disease 
that may be difficult to treat 

3 That some cases of pernicious anemia require relatively enormous amounts 
of liver therapy and that successful therapy may demand even in these days a 
combination of oral as well as intramuscular liver 

4 Finally, this case illustrates the fact that some cases of pernicious anemia 
present real problems in treatment and cannot be treated by any rule of thumb 
method 
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THE SCHOENLEIN-HENOCH SYNDROME OF VASCULAR PURPURA* 

By Eli Davis, M D 
Definition 

T he Schocnlein-Henoch syndrome is a condition in which nontraumatic hemor- 
rhage, with or without edema, occurs in the skin, or subcutaneous tissue, or 
joints, or viscera, or in any combination of them, and in which the blood platelets 
are normally abundant 

The name Schoenlein-Henoch purpura is well established, yet the eponym is 
ill chosen (as so many eponyms seem to be) Willan’^ described one type of 
the syndrome in a London publication in 1808, while a description of Schoenlein’s 
disease was recorded not by Schoenlein himself but by one of his pupils in 1837 ” 
According to this description, the patients were often rheumatic sufferers, and they 
presented purpura, pains, and swellings, particularly in the knee and knuckle, but 
occasionally in the hand and shoulder joint Henoch’s work appeared in 1868’' 
and he referred to 7 cases in a paper in 1874 ® Apert’ (1897) gave an excellent clini- 
cal description under the name of exanthematic purpura Osier,® in 1914, in his 
paper, “The Visceral Lesions of Purpura and Allied Conditions,’ did much to 
clarify ideas on the condition, but his view that the anaphylactic key would 
unlock the mystery of these cases found too ready an acceptance 
Numerous case reports have appeared, but most observers have described but 
few cases each and only a hazy idea of the natural history has emerged The de- 
scription which follows IS based on 44 personally observed cases seen in eight 
years, against a background of laoo cases of purpura (mostly benign) An account 
of the first 500 of these cases has been given by Davis’ (1943) 

Sex, Age, Duration 

The condition w'as about three times as common in women as in men, but, in 
children, boys and girls were about equally affected Patients aged 4 to 71 were 
affected, but there were peaks of incidence of first attacks from 4 to 10 years old, 
and from 16 to 40 Half of the patients had had more than one attack, and half were 
seen m their first attack It is probable that about one third had had but one attack 
A few had had numerous attacks Each attack usually lasted for a few wrecks 
Attacks had recurred over periods varying from a few months up to 50 years, 

*Frora the Rothschild Hadassah University Hospital. Jerusalem Most of the cases on which this 
paper is based were seen m the service of the London County Council, but tjpical cases seen in Jc 
nisalcm arc included 

1x9 
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but in most patients they ceased within five years from the onset Of the 44 eases, 
5 patients were each members of dificrent families with hereditary familial purpura 
simplex No familial instances were encountered 

Etiological Factors 

In 10 patients attacks were preceded by acute tonsillitis In one patient, each 
of her three attacks w'as heralded by an acute tonsillitis One patient suffered from 



Fig I Girl, aged 8 CO Edema of eyelids and face (b) Pctechiac of buttocks Mclcna, hematuria, 
joint swellings 

pulmonary tuberculosis and had two attacks In another patient true acute chole- 
cystitis preceded the attack There was a history of acute rheumatic fever earlier 
in life in 4 patients, but in at least z of these patients the so-called acute rheumatism 
was almost certainly an earlier attack of Willan-Schoenlein-Henoch disease 
Only 6 of the patients were affected with fibrositis In 8 patients an antistreptolysin 
titer was done at the height of the disease, in 6 the titer was normal, and in z 
raised to 800 and 1x50 units (Several of the patients with acute tonsillitis had 
normal titers ) 
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was in the form of a purpura nodosum, the erythema of erythema nodosum being 
replaced by purpura (fig 3) Melcna was seen in 5 patients Epistaxis, hcmatcmc- 
sis, and menorrhagia each occurred in 4 patients, hematuria in 3, mouth bleeding 
in one, blood was found in the cerebrospinal fluid of one patient with meningeal 
irritation ® 

Urticaria accompanied the attacks in 3 patients and 4 others had a papular or 
papulovesicular rash Localised cdcmi occurred in the following order of fre- 



Fio 3 Woman, aged 12. Ecchymoses of legs, purpura nodosum , hematuria, febrile one year, 
joint swellings 

qucQcy backs of hands, around the eyes, face (fig la), neck, lips, legs, arms, and 
penis 

Joints, Viscera 

Joints particularly involved were those of the fingers, wrists, knees, elbows, 
and ankles Any one or any combination of these joints could be affected Joints 
were painful and nearly always swollen In some patients the edema was peri- 
articular and para-articular rather than in the joint itself Between attacks all 
affected joints recovered full function and did not ankylose, but in a few patients 
pain persisted Radiological changes did not develop 

Gastrointestinal pain or hemorrhage was pronounced in ix patients, while 3 
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patients had hematuria, a fourth casts and albuminuria without hematuria, and 
one patient gallbladder disease Menorrhagia was present in 4 patients and uterine 
pains in a fifth The spleen was not palpable 

General 

The time relationship of the features of an attack was very variable Petechiae, 
edema, joint pains, and visceral features often appeared within hours of one an- 
other, but skin petechiae at times preceded or followed other signs by an interval 



Fig 4 Woman, aged 40 Ecchymoscs, febrile eight years, joint swellmgs 

of several days Thus a puzzling visceral pain or joint swelling could be diag- 
nosed only when a purpuric rash developed days later, or the nature of a purpuric 
rash might remain obscure until swollen fingers, orbital edema, and melena occur 
In some cases, skin manifestations were absent entirely By way of contrast, 
angioneurotic edema might be the sole feature of an attack A classic illustrative 
case from this series has been described by Green ^ 

Blood Findings 

Blood counts, platelet counts, bleeding and coagulation times, clot retraction, 
and prothrombin time were normal but occasionally a polymorphonuclear leuco- 
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cytosis was seen Blood sedimentation rate was usually normal, but occasionally 
high, likewise the antistreptolysin titer When these were high there was also 
leucocytosis The capillary resistance test was positive in only some 15 per cent 
of cases 

Prognosis 

The outcome for a particular attack and the ultimate outcome were good 
Recovery \vas invariable, good health was enjoyed between attacks, and in most 



Fiq 3 Man, aged 30 Massive petechiae legs, hematuria, jomt swellings 

patients attacks rarely recurred after 5 years The 4 patients with renal involvement 
had no residual lesions and made full recoveries despite the gloomy prognosis so 
often given to Schoenlein-Henoch purpura with renal complications The child 
with the subarachnoid hemorrhage recovered completely ® But some paaents 
required treatment for hematuria or hematcmesis or melena, which they naturally 
found alarming Persistent fever in several patients was worthy of note, particu- 
larly in the case presenting pyrexia lasting for eight years This experience demon- 
strates that Schoenlein-Henoch purpura must be added to the causes of persistent 
low grade fever 
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Difeerential Diagnosis 

It IS clear that abundant opportunities for confusion with other diseases exist 
Among the labels attached to cases I encountered were acute rheumatic fever, 
septicemia, subacute infective endocarditis, rheumatoid arthritis, infective ar- 
thritis, nephritis, bleeding peptic ulcer, and trichinosis The differential diagnosis 
from palindromic rheumatism® must also be considered The cases of angioneural 
arthrosis described by Solis-Cohen’® (1914) may be identical with Schocnlein- 
Henoch purpura 


Treatment 

Treatment was essentially symptomatic Vitamin C was of no value, the prepara- 
tions of vitamin P used were not beneficial, and vitamin K was not indicated The 
patient with persistent attacks of fever for one year recovered after tonsillectomy 
The patient with the eight years’ fever was not helped by protein shock, auto- 
hemotherapy, blood transfusions, or sulphonamides After the exhibition of 
pemcillin an attack was cut short and she enjoyed three months of exceptional 
well-being, fever-firee But a second course of penicillin given for the replapse was 
ineffective Spontaneous recovery had occurred after protracted attacks in the pre- 
penicillin era 


Discussion 

Most authors regard purpura simplex and Schoenlein-Henoch purpura as differ- 
ent facets of the same condition By purpura simplex, I understand a condition in 
which ecchymoses with or without petechiae occur from time to time in the skin 
without any known trauma and without ascertainable cause Now there is no 
doubt that one group of Schoenlein-Henoch cases is closely linked with purpura 
simplex — witness the occurrence of a case of Schoenlein-Henoch purpura in five 
different families of hereditary purpura simplex, while some cases of purpura 
simplex become almost indistinguishable from Schoenlein-Henoch purpura The 
blood findings in both conditions are identical There are distinct differences, 
however Purpura simplex is overwhelmingly more frequent in women, is ver)’- 
often familial and is not common in children, but Schoenlein-Henoch purpura is 
not uncommon in males, is not familial and is quite common in children One 
third of the patients with Schoenlein-Henoch purpura have only one attack, but 
single attacks of purpura simplex are much rarer The fibrositic diathesis is much 
commoner in purpura simplex My conclusion is that Schoenlein-Henoch purpura 
IS a syndrome and not a disease and is a nonspecific reaction to different factors 
The causes of purpura simplex and Schoenlein-Henoch purpura overlap but are 
not identical One great cause of both conditions is recent infection by hemol) tic 
streptococci (It is possible that in some instances Schoenlein-Henoch purpura 
represents aborted or modified rheumatic fever, sparing the heart Osier® stated 
that rheumatic poison is believed to be responsible for a large group of these 
cases ) In most of my cases the cause was not found In none of my cases of Schoen- 
lein-Henoch purpura were food or drugs or known allergens found to be the cause. 
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but I would agree that allergic factors cause this condition occasionally It is to 
be noted that no support for the anaphylactoid etiology was given by Bartic) 
and Dell* (1936), Poncher'*’ (1935), and Sicdlma}cr’- (1939) Osier’ was optimistic 
in his belie! in the anaphylactic key, but he was right to insist that urticaria, 
angioneurotic edema, and sasomotor instabilit) were all aspects of the same con- 
dition 


SuMMAni 

The Schoenlein-Henoch s)ndrome is described on the basis of 44 personally 
observed cases It is defined as a condition in which nontraumatic hemorrhage 
with or without edema may occur in the skin, or subcutaneous tissue, or joints, 
or viscera, or in any combination of them, and in which the blood platelets arc 
normally abundant The causes of the syndrome arc \aricd, but streptococcal in- 
fection is important, and anaphydactoid” causes rare The prognosis is good, 
and the 4 eases with renal involvement also did well Schocnlcin-Hcnoch purpura 
and purpura simplex overlap, but in contrast w'lth the latter, Schocnlcin-Hcnoch 
purpura is not familial, and is common in males and children 
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HYPERPROTHROMBINEMIA INDUCED BY VITAMIN K IN HUMAN 
SUBJECTS WITH NORMAL LIVER FUNCTION 

By Paul N Unger, M D and Shepard Shapiro, M D 

H YPERPROTHROMBINEMIA, as determined by reduction of prothrombin 
time below the range of normalcy, has been observed in man in cases of 
intravascular thrombosis and in animals after the administration of vitamin K 
The present study was undertaken to learn whether it is possible to induce hyper- 
prothrombinemia in human subjects with normal liver function by the admims- 
tration of large doses of menadione derivatives 

Material 

Thirty-eight persons were studied Students, house officers, and nurses made up 
Ti of the group The remaining 17 were patients in whom liver function was nor- 
mal These were almost all cases of essential hypertension uncomplicated by cir- 
culatory or renal failure All showed normal prothrombin time on repeated ex- 
aminations One case had amyloidosis in which a previous survey had yielded 
changes in prothrombin time pertinent to the present investigation The data 
recorded below were obtained more recently 

Method of Prothrombin Assay 

The procedure used was that described in earlier communications of the senes ® 
It includes estimation of the prothrombin time of whole and diluted (iz 5 per 
cent) plasma For reasons given below, in ii of the cases the prothrombin time of 
8 per cent plasma was estimated Venous blood was used exclusively Each sample 
was freshly drawn and the plasma maintained in the water bath at 37° C for ap- 
proximately fifteen minutes before the prothrombin time was estimated All esti- 
mations were made in duplicate The thromboplastin was prepared by vacuum 
desiccation of fresh rabbit lung The end point was determined by lifting the clot, 
the instant it formed, away from the otherwise clear liquid by means of a tiny 
loop made of no zx nichrome wire 

Procedure 

The existing value of prothrombin time was established Following this, 
synthetic vitamin K in the form of Hykinone* (Abbott) or Synkayvitef (Hoffmann- 
LaRoche) was administered by intravenous injection, and the prothrombin time 
was estimated daily for at least three succeeding days In the cases in which no 
changes were detected, the experiment was continued for at least five days Changes 
occurred in the diluted plasma prothrombin estimations only, and consequent!) 
the data presented below are confined to these figures 

From the Third (New York Uni\crsit)) Division, Goldwater Memorial Hospital, Welfare Island, 
New York 17, and the Department of Medicine, New York Universitj , College of Medicine, New York 
‘Hykinone =1 i-meth)l,-i ,4 naphthoh) droquinonc sodium bisulfite 
t Synkajvite = j. mcth)l 1,4 naphthoh) droquinonc diphosphonc acid ester tctrasodium salt 
J Present address, Miami Beach, Florida 


*37 
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Results 

The data of the two groups arc given below In the first arc 15 representative 
eases in which the ie 5 per cent plasma was studied and in the second are 7 sub- 
jects in which the 8 per cent plasma showed significant reduction of the prothrom- 
bin time after vitamin K medication 

The prothrombin clotting time was first estimated before the administration of 
the vitamin K preparation When more than one figure was obtained, the arithmetic 
average of these figures was used All were within the normal range Prothrombin 
time estimations were made following the injection of the water soluble vitamin 
K preparation The lowest prothrombin time after the injections was used to 
calculate the clTect 


Table 1 



1 

Prothrombin Time 
Mean 

SD 

m 

I 

Before Mtamin K 

— 

HUB 

±0 75 

II 

Lowest after Mtamin K 



±0 69 

III 

48 hours after last dose 



±0 76 


S D = stindard dcMation 
S E m = standard error of the mean 


Table i 


DiCcrcncc 

SE D,fr 

CR 

I and II 4 00 

±i 02. 

3 9 

I and III 0 88 

±i 07 

0 8 

II and HI 3 iJ. 

±i ox 

3 5 - 


Difference ■= difference between mems of each group 
S E Difl = standard error of the difference 
C R ■= cntical ratio 


The mean, standard deviation and the standard error of the mean were calculated 
for each group of figures The difference between the mean of each group and the 
reliability of these differences was also calculated 

Interpretation of Statistics 

The difference between the means of group I and II and of groups 11 and III 
IS statistically reliable From this we may conclude that there is less than one 
chance in a thousand that the difference is due to chance 

The difference between the means of groups I and III is not statistically reliable 
It IS concluded that the effect of the administration of synthetic vitamin K 
was to reduce the prothrombin time significantly to the level of hyperprothrom- 
binemia 

One advantage in using diluted plasma is to amplify the changes which occur 
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Table 3 


Case No 

Day 

Prothrombin Time of 
Diluted (12 5%) Plasma 

1 Intra\ enous Medication 



sec 


I 

I 

45 

Hykinonc* lo mg 


X 

41 

Hykinonc lo mg 


3 

37 



4 

44 


1 

I 

39 4 

Hykinonc xo mg 


X 

39 0 

Hvkinonc id mg 


3 

39 5 



4 

41 3 


3 

I 

39 

i ' 

Hykinonc xo mg 


! ^ 

1 

X9 0 

Hykinonc lo mg 


3 ' 

35 0 



4 

375 j 


4 

1 

1 1 

41 0 



1 

39 0 



3 

4 X I 

Hykinonc 10 mg 


4 

36 2. 



5 

39 0 



6 

41 5 


5 

I 

40 0 



X 

39 0 

H\ kinonc 10 mg 


3 

31 0 

Hykinonc 10 mg 


4 

30 0 



5 

39 0 


6 

I 

39 ^ 



X 

37 5 

H\ kinonc xomg 


3 

37 0 

H) kinonc xo mg 


4 

37 0 



5 

38 5 



* HjLinonc = z-mcthjl-i,4 napthohydroqmnonc sodium bisulfite 
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Table 3 (Continued) 


Case No 

Da> 

Prothrombin Time of 
Diluted ( 12 J%) Plasma 

Intravenous Medication 



sec 


7 

I 

41 6 



X 

45 0 

SynLayvite* 76 mg. 


3 

40 8 

Synkayvite 76 mg 


4 

43 8 



5 

4 » 3 


8 

* I 

4 J 4 



X 

4X 8 

Sjnlcajvite 76 mg 


3 

40 4 

S)nlcav\ite 76 mg 


4 

36 4 



5 

1 37 8 


9 

I 

s 33 0 



1 

! 37 1 

S)nkayMte 76 mg 


3 

CO 

S)nka)Mtc 76 mg 


4 

37 3 



3 

37 4 


10 

1 

' 38 8 



1 

41 0 

[ Sjnkajvite 76 mg 

J 

3 

37 5 - 

S)nkajMce 76 mg 


4 

36 4 



5 

44 i 


II 

I 

40 0 



2. 

33 2- 

S}nkayMte 76 mg 


3 

36 X 



4 

33 0 



3 

36 0 



1 

40 0 



1 

36 3 

SynkajMte 76 mg 


3 

35 4 



4 

40 4 

— 


* Synkayvitc = z-mcthyl-i,4 napthohydroquinonc diphosphoric acid ester sodium salt 
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Case No 

Day 

^ Prothrombin Time of 
Diluted (12 5 %) Plasma 

Intravenous Medication 



sec 


13 

1 

40 8 



2. 

43 8 

Synkayvitc 76 mg 


3 

39 ° 



4 

39 0 



I 

44 0 



z 

35 4 

Synkayvitc 76 mg 


3 

35 0 



4 

3L 8 



5 

43 8 


15 

I 

39 ^ 



z 

40 4 

Synkayvitc 76 mg 


3 

34 ^ 



4 

41 4 



When the prothrombin time of whole plasma is estimated, clotting occurs so 
rapidly that fine alterations are obliterated The dilution of 12. 5 per cent has been 
used because it has been found by experience that it is highly sensitive, and be- 
cause the end point in this dilution remains clearly discermble even in the presence 
of hypoprothrombinemia, such as is encountered after dicumarol medication 
and in liver disease Dilution beyond iz 5 per cent and to 8 per cent, although ade- 
quate in normal plasma, has been found to be generally unsatisfactory when the 
prothrombin time is prolonged In the present series we studied blood plasma of 
normal or accelerated prothrombin activity Consequently the dilution of 8 
per cent was used to amplify the changes in prothrombin time to a degree greater 
than that demonstrated in iz 5 per cent plasma The end point in each case was 
clearly detectable 

Eleven subjects were given the treatment described above and changes in 8 per 
cent plasma noted Seven yielded significant reduction of the prothrombin time 
while the remaining 4 showed no alteration in the prothrombin values A statis- 
tical analysis of these data follows 

The data were divided into two groups Group I consisted of the times required 
for clotting before the administration of vitamin K Group II was the lowest 
prothrombin times after the antihemorrhagic quinone was given 

Since the group consists of only 7 cases, the data were treated differently from 
the series in which iz 5 per cent plasma was studied The analysis of variance 
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method was used to compare the groups and the t value was calculated The 
formula used was 


siVn 

where m is the hypothesized mean diflcrence between the groups, x the obtained 
difference between the groups, S the standard deviation of the mean difference, and 
N the number of cases We make the initial assumption that there is no differ- 


Tatile 4 


Case No 

Daj 

Protlirombin Time ol 
8''o Plasma 

Intra\enous Medication 



see 


I 

1 

63 9 

S) nkaj vjtc* 76 mg 


1 

61 0 

Sjnkajtitc 76 rag 


3 

57 0 



4 

}9 0 


1 

I 

74 3 



1 

74 I 

Sjnki)\itc 76 mg 


3 

64 4 

Sjnkawitc 76 mg 


4 

47 7 


3 

I 

71 0 

SjnkajMtc 76 mg 


X 

! 64 0 

S)nk 3 Hitc 76mg 


3 

56 0 

SjnkajMtc 76 mg 


4 

48 6 

1 

4 

I 

71 4 

S\nka)\itc 76 mg 


L 

39 9 

S}nka)\icc 76 mg 


3 

34 0 


5 

I 

58 0 

SjnkaiMtc 76 mg 


X 

32. 0 

S\ nkaj \itc 131 mg 


3 

47 

! 


6 

I 

61 0 

SjnkijMCc 76 mg 


X 

58 0 

S) nka) Mcc 13X mg 


3 

49 0 


7 

I 

56 5 

Sinkayvitc 76 mg 


X 

54 0 

S) nkaj vitc 76 mg 


3 

46 0 



* Synkayvitc = i-mcthyl-i ,4 napthohydroquinonc diphosphonc aad ester tetrasodium salt 


ence between the two groups (Null Hypothesis) ” In that case, the hypothesized 
mean of the difference would be zero The x value is obtained by summing the 
difference between the individual cases in group I and group II and dividing by 
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the number of cases The standard deviation of the mean so obtained is calculated 
in the usual way 

Results 


Case No 

Group I 

Group II 

Diff 

I 

63 9 

49 0 

14 8 

z 

74 3 

47 7 

z6 6 

3 

71 0 

48 6 

zz 4 

4 

71 4 

54 0 

17 4 

5 

58 0 

47 0 

11 0 

6 

61 0 

48 0 

13 0 

7 

56 5 

46 0 

10 5 


Mcaaciff 

■= 16 53 



S Did 

■= 9 66 



t 

= 4 5 



Table I Calculating the r value to compare the difference between time required 
for clotting before and after the administration of vitamin K The t value obtained 
(4 5) was compared to the value of t at the i per cent level of confidence for 6 de- 
grees of freedom The obtained ( value of the i per cent level was 3 707, and this 
latter would be expected to occur only once in a hundred samples if m really were 
equal to zero difference between the two groups 

Conclusions 

The null hypothesis m this group of observations must be abandoned The 
difference between the two groups is highly significant at the 1 per cent level of 
confidence 


Discussion 

The literature reflects a total lack of appreciation of the difference between 
changes in the hyper range and those occurring in the direction of hypoprothrom- 
bmcmia To illustrate this, the following diagram is presented 

Seconds 


y 

85- 

75- 

65- 

55 - 

45 - 

Hypoprothrombincnuna 

(Oalimitcd) 



Normal Range iz 5% Plasma 

y 



37 i 


4 

M- 



15- 

Hypcrprothrombincmia 


(Limited) 


5 - 
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Reduction in prothrombin time below the normal range (hyperprothrom- 
binemia) meets with resistance of increasing magnitude as it progresses Opposed 
to this IS the prolongation of the prothrombin time, which proceeds with greater 
and greater ease as the degree of hypoprothrombinemia becomes more extensive 
For example, a small dose of dicumarol will extend the prothrombin time from the 
hypoprothrombinemia level of sixty to eighty seconds, whereas a large dose is 
required to increase it from the original normal of forty seconds to sixty seconds 
In contrast to this, it requires an agent of high potency to reduce the prothrombin 
time from the normal of forty to the hyperprothrombinemia level of thirty-six 
seconds, and to decrease it further meets with resistance of such proportions that 
It IS accomplished with the greatest difllculty Obviously, it is difficult to reproduce 
these changes by using methods of prothrombin estimation which employ whole 
plasma because clotting occurs so speedily chat the fine changes are obliterated 
Only by amplifying the differences by plasma dilutions can these changes, signifi- 
cant despite their relatively low magnitude, be detected 

It IS important to note the difference in the pattern of hypcrprothrombinemia 
as It arises spontaneously in certain clinical conditions (thrombosis, frost-bite, 
gangrene) and that induced by vitamin K The clinical form continues for extended 
periods, whereas that induced by the antihemorrhagic substance is ephemeral 
It appears that an additional mechanism enters the process when intravascular 
coagulation takes place, and it suggests at least a partial explanation for the 
tendency to multiple thrombosis 

It is not known whether or not in man other components of the blood which 
enter into the mechanism of coagulation vary in like manner after the giving of 
vitamin K Work is now in progress in this laboratory to learn whether the fibrino- 
gen and the thrombocytes alter under these conditions It has been our experience 
in man that when we employed human fibrinogen in a concentration of o 3 per cent 
as a diluent in place of normal isotonic saline that the values obtained, especially 
when diluted plasma was studied, were highly variable in normal as well as in 
pathological cases Our original technic at the same time yielded results in serial 
estimations which varied within a very narrow range In any event, if our subse- 
quent findings reveal changes in the companion components of the coagulation 
system after vitamin K, then the present conception of the role of vitamin K will 
have to be extended 

It IS our belief that the behavior of the prothrombin-producing mechanism as 
revealed by the data presented in this communication is an expression of functional 
limitation and not a mathematical difficulty of depression to zero The apparent 
resistance to lowering of the prothrombin time of the plasma below the existing 
resting level by experimental means should be viewed as a characteristic of this 
function of the liver We have observed identical behavior in prothrombin de- 
ficiency states also Thus, in the hypoprothrombinemia accompanying cirrhosis 
of the liver, serial estimations of prothrombin time have been demonstrated to be 
remarkably constant within narrow limits over periods of many weeks Further- 
more, when the prothrombin activity was altered by experimental means in these 
cases, the prothrombin time returned to approximately the initial value when 
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recovery occurred ® The indications seem to be that the liver delivers its maximum 
supply of prothrombin under the prevailing conditions, and that when the tempo 
can be accelerated at all it continues at the new rate for transitory periods only 
It IS noteworthy that the changes in the direction of hyperprothrombinemia 
occurred in only about half of the cases, despite the fact that all exhibited normal 
resting levels of prothrombin activity The mechanism suggested is that vitamin 
K activates a substrate, and that variations in the capacity of different livers to 
store this substrate might account for the different responses indicated above 
The greater magnitude of the change exhibited by increased dilution of the 8 
per cent plasma as compared with ix 5 per cent supports our contention that the 
shift in the direction of hyperprothrombinemia is functional and not an apparent 
change produced by mathematical manipulation of the data 

Conclusions 

Reduction of the prothrombin time of diluted (12. 5 per cent and 8 per cent) 
plasma below normal occurred in man with normal liver function following paren- 
teral administration of large doses of menadione derivatives In each case, where 
the increase was demonstrable, it continued for transitory periods only, lasting 
twenty-four to forty-eight hours * 
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A MODIFICATION OF THE WAUGH-RUDDICK TEST FOR INCREASED 
COAGULABILITY OF THE BLOOD, AND ITS APPLICATION 
TO THE STUDY OF POSTOPERATIVE CASES 


By Seymour B Silverman, M D * 

I N 1944, Waugh and Ruddick^ reported a new test for increased coagulability 
of the blood, based on controlled deceleration of the clotting mechanism 
through the use of heparin While it was appreciated that temperature affected the 
test, the original work was done at a time when room temperature was constant 
(1 e , during the winter months), so that special precautions in this direction were 
unnecessary Later Whittaker,- working during the summer months, when room 
temperature fluctuations were present, experienced some difficulty in obtaining 
duplicate curves, and worked out in detail the facts concerning the affect of tem- 
perature on the test She found that between zo and 35 degrees Centigrade, increase 
m temperature caused a decrease in clotting time This stressed the fact that com- 
parison of the blood coagulation curves in different individuals, or in the same 
individual at different times, is possible only if the tests are conducted at the same 
temperature 

Application of the test to clinical materiaP revealed an increased coagu- 
lability of the blood under a wide variety of circumstances These include 
pneumonia, empyema, peritonitis, and other acute infectious processes following 
hemorrhage after surgical operation, etc More recently, Ogura and colleagues^ 
have used the Waugh-Ruddick test to study changes in blood coagulation follow- 
ing coronary thrombosis They found that in zy cases, 77 8 per cent showed a 
decreased coagulation time This was usually evident by the second or third day 
following the thrombotic incident, and lasted to about the seventeenth day 
Acceleration was prolonged beyond the third week in a few cases, but in every 
instance, the clotting mechanism was indistinguishable from normal after the 
fourth week 

The present report deals with (i) a proposed modification of the test, and (z) 
the application of the modified test to the study of postoperative blood coagula- 
bility 


A Modification of the Waugh-Ruddick Test 

Using the original method of Waugh and Ruddick,^ blood coagulation studies 
were carried out on 43 student volunteers The average curve for this group is 
shown in figure i along with the average curve as determined by the original in- 
vestigators It will be seen that although the curves have the same general form, 
the actual values obtained differ greatly in the two series There appear to be 
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two chief reasons for this, viz , (i) the heparin employed was of different batches 
and thus possibly of somewhat different potencies, and (z) the endpoint in each 
tube IS not sharply defined, and consequently there arises the question of interpre- 
tation of results These and other reasons for modifying the test can be sum- 
marized as follows 

jiu I To shorten the time needed to complete a test 
^ X To perform the test under controlled temperature conditions 



Fio I Original Waugh-Ruddick test Average curves obtained by Waugh and Ruddick, and th 
author 

Fig r Modified Waugh Ruddick test Average curve obtained from 36 normal specimens of plasma 

Figs 3-6 Duplicate curves on normal individuals 

3 To obtain a sharper and more definite endpoint in all cubes 

4 To reduce the amount of blood needed to perform the test 

Details of the modified test follow 

Solutions Used (1) Heparin stock solution containing x units of heparin per cc 
of saline The Connaught Laboratory preparation, having a potency of 1000 
units per cc , is employed Six-tenths of a cc of heparin arc added to 300 cc o 
physiological saline, and thoroughly mixed This stock solution is used in making 
up the various subdilutions of heparin, and can be kept in the icebox when not 
needed 





SEYMOUR B SILVERMAN 


149 


(z) Subdilutions of heparin are made up as shown in table 1 These are kept in 
small glass-stoppcrcd bottles with large mouths (capacity 60 cc ) The potency 
of the heparin is maintained by keeping these solutions in a refrigerator 

(3) o I M sodium oxalate i 34 Gm of sodium oxalate are dissolved in 100 cc. 
of distilled water 

(4) o 01 M calcium chloride on Gm of anhydrous calcium chloride and o 42. 
Gm of sodium chloride are dissolved in 100 cc of distilled water 

Preparaffoti of Test Tubes Eight Wassermann tubes (100 x 13 mm ) (previously 
cleaned in potassium-dichromate-sulphuric acid solution, rinsed out in hot water 
and distilled water, and dried in an oven) are placed in a suitable rack, and arc 
numbered from i to 8 To each tube are added o z cc of o 01 M calcium chloride 
and o I cc of the heparin subdilution from the correspondingly numbered glass- 
stoppcrcd bottle The tubes are corked and set aside 


Table i — Preparation of the various subddutions of heparin, showing the 
amounts of physiological saline and beparm stock solution used and 
the resultant heparin concentration in each cate 


Bottle 

Stock Solo 

Saline Soln 

- i 

Resoltajit Hepann 
Concentration 


CC 

cc 

unit per 0 1 cc 

1 

0 

50 

0 

X 

5 

45 

1/50 

3 

10 

40 

1/50 

4 

15 

35 

1 3/50 

5 

LO 

}0 

4/50 

6 

15 

5-5 

5/50 

7 

30 

to 

6/50 

8 

35 

15 

7/50 


Preparation of Plasma to be Tested By venipuncture, using a dry zo to 30 cc grad- 
uated Luer syringe and a large gage (Mo 18) needle, 4 5 cc of blood are drawn 
and mixed immediately and thoroughly with o 5 cc of o i M sodium oxalate by 
repeatedly inverting the stoppered tube The blood is centrifuged at the rate of 
1000 r p m for five minutes, and during this time the rack containing the pre- 
pared tubes is placed in a water bath at 37 5 degrees C This assures the tubes being 
at body temperature for the test 

After centrifuging for five minutes, the plasma is removed from the packed cells, 
and o I cc is added to each of the eight tubes in a water bath The actual test now 
begins 

The Test Proper As soon as the plasma has been added to the heparinized tubes, 
they are agitated slightly to ensure complete mixing of the fluid and the plasma 
A stop watch is started when plasma has been added to the last tube 

Starting at about two and a half minutes, the first tube is gently partially with- 
drawn from the rack, and the plasma is noted for clotting If this has not occurred, 
the tube is replaced and examined at half-minute intervals until a complete firm 
clot has formed The time is noted The same procedure is then carried on for tube 
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i, then tube 3, etc until coagulation has occurred in all tubes The results are 
plotted on graph paper, the coagulation time against the amount of heparin in 
each tube 

Sovie Ohservattovs Using the Modified Test Tests were done on 36 samples of normal 
plasma The mean, standard deviation, maximum and minimum values for each 
tube arc given in table 2. The average curve is shown in figure z As is to be ex- 
pected, some individual variation is seen, but this is of the same order as that de- 
scribed in the original Waugh-Ruddick method That the test is reliable in any 
given case was shown by doing checks on the same plasma samples (figs 3, 4, 5, 6 ) 

Discussion Regarding the Modified Test The modification proposed is in reality a 
combination of Quick’s method of determining the clotting time of rccalcified 
plasma^ and the Waugh-Ruddick test * As stated by Chargaff, Bancroft and Stanley- 
Brown, working on methods for the measurement of inhibition of clotting by vari- 
ous substances including heparin, such a method “can only have the accuracy of 


XAtiLn r — MoilifitJ Waugh Ruililick. Test 
The mean, standard dcaiation, maximum and minimum a allies obtained from 
36 specimens of normal plasma 


Tube 

1 

Minimum 

Mean 

Maximum 

Standard Dc\ialion 


mtns 

mtns 

mtns 


I 

=■ 5 

3 46 

5 0 

0 5 

% , 

4 0 

6 46 

9 5 

1 3 

3 

5 8 

10 8 

11 0 

3 45 

4 

S 1 

16 8 

39 0 

7 18 

5 

11 0 

ij 8 

50 0 

9 64 

6 

13 0 

33 > 

55 0 

10 9 

7 

2-1 5 

38 1 

61 5 

10 1 

8 

11 7 

49 5 

69 0 

3 


the biological test, and not that of a quantitative chemical procedure The chief 
reason is the fact that the endpoint, namely the formation of a clot, is compara- 
tively ill-defined ' ’® The average curve (fig 2.) is simply that — an average, and while 
some tests vary considerably from this, the results obtained in any one case arc 
fairly constant The use of plasma instead of whole blood has rendered the end- 
point easier to determine, but other factors equally as important must be taken into 
consideration As Chargaff® points out, to be successful in studying the action of 
inhibitors on plasma coagulation the following must be considered 

I The reaction volume must be kept constant, as the numerous substances con- 
tained in plasma respond to dilution in different ways The addition, to a series 
of plasma samples, of increasing amounts of inhibitor solution leads to discordant 
results 

2. Extreme care must be taken to disturb the plasma as little as possible At- 
tempts to increase the precision of the endpoint may adversely affect its accuracy 
Plasma which coagulates in the presence of an inhibitor in general gives rise to 
clots that are very soft, and may easily be broken up beyond recognition if shaken 
before their formation is complete 
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3 The period of time over which the determination of inhibitor activity takes 
place should not be too extended, as the clotting properties of plasma may change 
quite considerably with time 

It IS felt that the modification outlined fulfills these conditions, and retains the 
advantages of the Waugh-Ruddick test while avoiding some of the disadvantages 



Fig 7 Average oirves preopcratively (P), and i, i, 3, 4, and 10 days postopcrauvqly 

Fio 8 Case I Right inguinal herniorrhaphy Curves obtained preopcratively and i, x, 4, and ii days 
postopcrativcly Note the increased coagulability postopcratively, present on the first day Coagulability 
back to normal by the eleventh day 

Fig 5 Case z Right inguinal herniorrhaphy Curves preopcratively and i, 3, 6, and 14 days post- 
operative!) Increased coagulability is seen within Z4 hours after operauon 

Fio 10 Case 3 Appendectomy The increased coagulability seen postopcrativcly is indicated by a 
clockwise shift of the curves 

Fig II Case 4 Appendectomy Clockwise shift of coagulability cursxs postopcrativcly, 1 c , in- 
creased coagulability 

Application of the Modihed Test to the Study of Postoperative Blood 

Coagulability 

Using the above test, it was decided to study the affect of operauon on the 
coagulability of the blood Waugh and Ruddick® using their test in a wide variety 
of conditions, applied it to several pauents undergoing operation They found a 
marked increased coagulability after operation, but did not investigate the time 
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at which It first appeared nor its duration They state "It would be interesting 
if finer analysis of this change were studied in order to demonstrate the exact time 
at which increased coagulability occurs ’’ That is exactly what the present study 
attempts to accomplish 

In this investigation, tests were performed on 9 patients admitted to the Royal 
Victoria Hospital for operation A special effort was made to use patients with 
no acute illness or any other condition likely to affect the coagulability of the 
blood Eight of these were for appendectomy or herniorrhaphy The ninth was a 
gastrectomy All operations were performed under spinal anesthesia Coagulation 
tests were done preopera tively and as often postoperatively as possible, commenc- 
ing the day after operation The average curves obtained preoperativcly and on the 
first, second, third, fourth, and tenth days postoperatively are shown in figure 
7 Some individual records arc shown in figures 8-1 1 In figures 7-9, not all the ob- 
served days arc recorded, to avoid complicating the graphs Figures 10 and ii are 
complete Some illustrative cases follow 

Cast / Mr P , age 56, admitted for a right inguinal hemiorrhaphj It will be noted that the post- 
op;rati\c coagulability cur\es are below the preoperatne lescl immediately after operation (1 c , within 
7-4 hours), and for several succeeding da\ s The coagulation time slow ly returns to normal, and is within 
normal limits by the clesenth day (fig 8) 

Cast a Mr C , age 49, admitted for a right inguinal herniorrhaphy The curves in this case arc much 
like those in case i There is a marked increase in blood coagulability postoperatively, with a slow return 
to normal, in this case by the fourteenth day (fig 9) 

Cast } Mrs C , age 37, admitted for appendectomy The relatively short stay in hospital allowed of 
only three curves being done Here again, the increased coagulability postoperatively, indicated by a. 
clockwise shift of the curves, is seen (fig 10) 

Cast 4 Mrs D , age 19, admitted for appendectomv The story is much the same as in case 3 Sec figure 
II for coagulability curves 


Discussion 

The average curves (fig 7) indicate that there is a definite increased coagulability 

of the blood postoperatively This begins within 2-4 hours after operation, and may 
last, in varying degrees, for a week or more There docs not appear to be a definite 
order in which the coagulability changes from day to day, but this is hardly to 
be expected, as the test must of necessity be a qualitative rather than a precisely 
quantitative affair In all cases where hospitalization was long enough to permit 
observations, the coagulation time was normal at the end of two weeks 

Quick^ points out that "thromboplastin is the trigger-substance in the coagu- 
lation process It initiates and determines the speed of the reaction ’ If this is 
so, then the decreased coagulation time seen postoperatively can be explained by 
an increase in the amount of available thromboplastin There are two reservoirs 
of this material, namely the platelets and the ussue juices Let us consider each of 
these in turn Hueck® in 192.6 first demonstrated the presence of a postoperative 
thrombocytosis This has since been confirmed by many other workers All 
agree that this increase in platelets occurs about the sixth or seventh postoperative 
day It therefore cannot explain the increased coagulability of the blood seen 
within 24 hours after operation 
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On the other hand, an increase in the circulating thromboplastin, presumably- 
derived from damaged tissue in the operative area, is a much more likely explana- 
tion This view has been favored by Pickering and Mathur,*® DougaP^ and others, 
and IS supported by observations that the blood urea and polypeptides are increased 
postoperatively SnelP® and Bancroft^® point out that after operations on obese 
patients there may be an increased liberation of thromboplastic lipoid substances 
such as cephalin, due to extensive areas of fat invaded Waugh and Ruddick® 
showed that the addition of thromboplastin to plasma caused a clockwise shift 
of the coagulability curves, such as has been shown to occur postoperatively It 
would appear that the mechanism is the same in both instances 

Summary 

I A modification of the Waugh-Ruddick test for increased coagulability of 
the blood is described, which employs the use of recalcified plasma in the place of 
whole blood 

2 . Using this modification, studies were carried out on a series of patients under- 
going operation It was found that there was an increased coagulability of the 
blood present within 2.4 hours following operation, and that this condition lasted 
for a week or so In all cases, the coagulability had returned to normal by the end 
of two weeks 

3 It is felt that the change is due to an increase in the circulating thrombo- 
plastin, presumably derived from damaged tissue in the operative area 
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IN VITRO STUDY OF BONE MARROW III ERYTHROPOIESIS IN VITRO 
OF STERNAL MARROW FROM CASES OF PERNICIOUS ANEMIA 
AND LYMPHATIC LEUKOSIS UNDER THERAPY 


By Johannes Clemmesen, M D , Tage Espersen, M D , and 
Claus Munk Plum, Ph D 

P REVIOUS investigations by one of us (C M P ) have demonstrated the possi- 
bility of keeping a suspension of bone marrow alive in vitro for several hours 
for studies on erythropoiesis ® In the present investigation we have utilized this 
technic to examine the erythropoietic activity of marrow from normal persons 
and from cases of pernicious anemia and lymphatic leukosis before and after 
specific treatment 


Technic 

The apparatus employed has been described in detail in a previous communication 3 The bone marrow 
was kept alive between two concentric collodion membranes, and a continuous flow of nutritional fluid 
was sent through the central chamber, thus permitting a constant composition of the nutritional medium 
within It, in spite of the diff'usion taking place thtough the membrane out into the suspension of marrow 
To remove waste products the Locke s fluid in the peripheral chamber was frequently renewed The 
tempaature was kept constant at 37°C by means of a water bath, and a continuous current of carbogen 
was sent through the chamber 

Marrow was obtained by puncture of the sternum and aspiration of o 5 cc of marrow Sodium citrate 
3 5 per cent was added in equal parts, and the cells separated from the fluid by centrifugation With a 
pipct the intermediary layer of cells was removed for cultivation and brought to a concentration of about 
30,000 cells per cu mm in Locke s fluid containing i per cent of the corresponding scrum The scrum to 
be examined was suspended in Locke s fluid to a concentration of 2. per cent and used as nu- 
tritional medium 

It was necessary to start cultivation as soon as possible after the sternal puncture, and as no absolute 
sterility of the apparatus is obtainable the cultivation period was limited to five or six hours 

Experiments on Icukotic marrow were earned out simultaneously in a set of four parallel apparati, 
kept m the same water bath In these cases the first apparatus tested normal marrow against its own 
scrum as nutritional medium, the second chamber contained normal marrow with Icukotic scrum, the 
third, Icukotic marrow nourished with normal scrum, the fourth tested Icukotic marrow agamst its own 
scrum Each experiment thus contained satisfactory controls 

The erythropoietic activity was expressed by the number of non-Hucleated cells 
produced during one hour per nucleated red cell present before cultivation The 
deterirunation of this value may be illustrated by an example from the cultivation 
of marrow from Case 2. 

The authors arc indebted to Professor C Sonne, The University Medical Clinic A, Rigshospitalct, 
Copenhagen, for permission to treat and examine the patients, and to Professor Engclbrcth-Holm, The 
Unucrsity Institute of Pathological Anatomy, for working facilities during some of the investigations 

Aided by grants from The Carlsbcrg Foundation and King Christian the Tenth Fund 

Presented October 15^6 before The Danish Society for Internal Medicine in Copenhagen, and The 
S'scdish Society for Internal Medicine in Stockholm 
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Total cell count jicr cu tnni 
Nucleated cell count per cu nini 
Total non-nucleatcd cells mm ^ 
Non-nucleited cells produced mm ^ 
Immature red cells per mm ^ 

Dc produced per nucleated R 1 ) C per 

hour 



1 

ilarl 

2 

J hours 

3 

5 hours 

A 

41880 

44040 

44710 

B 

3640 

3480 

3360 

C = A - B 

39140 

40560 

41360 

D = C. - C, 


1310 

1110 

E = % of n 

6 % >=118 

6% = 109 

5% = 168 


DXi 

(C» — E,) X hours 


Normal Individuals 


It IS .T weakness of the method that no fixed standard for erythropoietic activity 
was available In every case control experiments must be carried out on normal 
bone marrow planned as the cross experiments to be described Thus it was im- 


Taiiic I — Ncrmat Marrou s ami Sira Eryt! rofetettc Acttittus 


1 

Normal 
Scrum A 

Normal 
Scrum II 

n 

Normal 
Scrum C 

Normal 
Scrum n 

III 

Normal 
Scrum E 

Norroil 
Serum F 

Normal Mar- 



Normal Mar- 



Normal Mar- 



row A 

5 41 

4 50 

row C 

5 >7 

4 43 

row E 

4 98 

4 18 

Normal Mar- 



Normal Mar- 



Normal Mar- 



row B 

4 J -5 

5 04 

row D 

4 S» 

s 2.9 

row F 

4 oS 

4 85 


IV 

Normal 
Serum G 

Normal 
Serum H 

1 

V 

Normal 
Serum I 

Normal 
Serum K 

Normal-Marrow G 

Normal Marrow H 

5 09 

4 16 

4 4J- 
4 7 S 

Normal Marrow I 

Normal Marrow K 

m 

0 0 


portant to know the values for erythropoietic activity of normal marrow Exam- 
inations of marrows from 31 persons were carried out in single experiments with 
the following results Average activity was 5 13 ± o i6, the maximum value 
found was 5 88, and the minimum 4 67 Five cross experiments on ten marrows 
and sera among the 3 1 are recorded in table i 

Using the values given above indicating erythropoietic activity we worked out 
the following ratios for each cross-experiment and the average for all 

I II III IV V 


Marrows B, D, F, H, K -f- Sera B, D, F, H, K 
Marrows A, C, E, G, I + Sera A, C, E, G, 1 

Marrows B, D, G, F, K Sera A, C, E, G, I 

Marrows A, C, E, G, I + Sera A, C, E, G, I 

Marrows A, C, E, G I -f- Sera B, D, F, H, K 

Marrows A, C, E, G, I -f- Sera A, C, E, G, I 

Marrows B, D, F, H, K Sera A, C, E, G, I 

Marrows B, D, F, H, K -H Sera B, D, F, H, K 

Marrow \ C, E, G, I -f Sera B, D, F, H, K 

Marrows B, ' F H, K Sera B, D, F, H, K 


0 93 I 01 0 97 0 94 I 04 

Average 0 98 

0 79 0 87 0 81 0 81 0 86 

0 83 

0 83 0 86 0 84 0 87 0 84 

00 

0 

0 85 0 85 0 84 0 87 0 81 

’ 0 85 

0 89 0 84 0 86 0 91 0 80 

0 86 
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It appears from these figures that as soon as a marrow is nourished on serum from 
another person erythropoietic activity is reduced to about 85 per cent of the ac- 
tivity between corresponding marrow and serum, but the activity in such a heterol- 
ogous system is the same whichever marrow-serum combination is employed 
In subsequent experiments, similar ratios were set up to calculate the relative 
effects of normal and pathologic sera upon normal and pathologic marrows 
Numbered according to the schema above, these are as follows 


marrow B -f- scrum B 

marrow A marrow A 

Normal Average 

0 98 

marrow B -|- scrum A 

marrow A -|- scrum A 

0 

00 

marrow A -f scrum B 

marrow A -j- scrum A 

0 85 

marrow B -{- scrum A 

marrow B marrow A 

00 

0 

marrow A 4 - scrum B 

marrow B + scrum B 

CO 

0 


The authors realize that computations carried out in accordance with usual con- 
ceptions of the validity of standard deviations for countings of cells in flmd media 
might find our results within the limits of standard deviations However, after 
studies by G Rasch on results obtained by Ruth Plum, it must be accepted that 
such enumerating can be carried out with far greater accuracy than hitherto as- 
sumed ® * Finally the influence of therapy on our results prevent us from regard- 
ing them as merely accidental 


Simple Anemia 

Cross experiments were carried out in z cases of slight anemia 
Case A Woman, aged 3z Menses normal, last birth six months earlier Now 
tired, irritable and nervous No abnormal somatic findings, no enlargement of 
lymph nodes, no goiter Hb 74 per cent, erythrocytes 4 7 M , color index o 78 
Differential counts of peripheral blood and bone marrow showed normal values 

Erythropoietic activitj 
on alien serum as per 

Serum Anemic 

Anemic Marrow 4 88 

Normal Marrow 4 40 

j Path Marrow 4 - Path Scrum 

Norm Marrow + Norm Scrum 

^ Path Marrow -f- Norm Serum 

Norm Marrow Norm Scrum 


Serum Normal 

4 48 

5 43 


cent 01 ity on own 
serum 


9^ 

81 

Normal A\ er 


o 88 


o 98 


o 82. 


o 83 
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3 


Norm Mnrrow + Pntli Scrum 
Norm M'irro\\ + Norm Scruni 


iSormal Aver 


O 8l 0 85 


4 


Pith Mirron + Norm Scrum 
Pith Mirrow Pith Scrum 


o 91 o 85 


5 


Norm Mirrow + Pith Scrum 
Pith Mirrow + Pitli Scium 


o 90 o 86 


Cast B Male, aged zS T or the last years very irregular meals Pronounced fatigue 
and slight d}sj5cpsia combined w'lth headache No pathologic somatic findings 
Gastric analysis normal Hb 79 per cent, Er)throcytcs 44 M, Color Index 
o 84 Di/Terential count of peripheral blood gave normal values The sternal mar- 
row showed fairly numerous cells of the erythropoietic system (38 per cent) 


Anemic Marrow 

Normal Marrow 

Anemic ‘'crum 

4 69 

4 37 

r 0 thropoietic actu itj 
on alien serum as per 
cent of acti\it> on 
Normal Scrum oivn scrum 

4 89 

5 02. 87 

Path Marrow -p Path Scrum 

Normal Marrow + Norm Scrum 



0 93 

Normal Aier 

0 98 

P-ith Marrow -f Norm Scrum 

Norm Marrow -f- Norm Serum 



CO 

0 

0 83 

Norm Marrow Path Scrum 

^ Norm Marrow -j- Norm Scrum 



0 87 

0 

00 

Path Marrow -p Norm Scrum 

A — 

Path Marrow -f- Path Scrum 



0 89 

CO 

0 

Norm Marrow -f- Path Scrum 
^ Path Marrow + Path Scrum 



0 94 

0 86 


Thus, marrows from two cases of simple anemias did not show any pronounced 
deviation from normal marrows 

Pernicious Anemia Treated 

Case I Woman, aged 44 For about six months, the patient suffered from con- 
stipation, increasing fatigue, pains in the tongue and epigastrium Laboratory 
showed gastric achylia On May 15, 1946 the blood values showed Hb 6z per cent, 
R B C z o M , color index i 48, icterus index 7 A differential count of the marrow 
showed blasts 4 4 per cent, prpmyelocytes o 8 per cent, myelocytes 14 4 per rent, 
metamyeloc)rtes 14 8 per cent, bands 34 per cent, polys 15 z per cent, monos o z 
per cent, lymphos 10 z per cent, plasma cells o 6 per cent, normoblasts 19 4 pr*" 
cent, megaloblasts 16 z per cent 
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Following treatment with liver extract, within sixteen days the erythrocytes 
numbered 3 8 million, the hemoglobin was 83 per cent, and the color index was 
I 08 The reticulocytes had reached a maximum of 7 per cent 


Table z — Case i 



5/15/46 

Pernicious Anemia 
Serum I (before 
treatment) 

i Pernicious anemia 

Erythropoietic ac- 
tn ity on alien serum 
as per cent of acti\- 
ity on own serum 

6/1/46 

Serum II (after 
treat and fall m 
reticulocyte) 

Normal Serum a, b 

Marrow I 

L 91 


a 

4 4^ 

I5X 

Marrow II 


4 38 

b 

5 05 


Normal Marrow a 

3 

! 

! 

a 

4 67 

67 

Normal Marrow b 


4 18 

b 

5 2-3 

80 


Table z lists the results of cross experiments using this patient’s marrow and 
various sera 



I 

n 

Norm Aver 

Path Marrow Path Scrum 

I 

Normal Marrow -f Norm Scrum 

0 6z 

0 84 

0 98 

^ Path Marrow -j- Norm Scrum 

Norm Marrow •+■ Norm Scrum 

0 95 

0 96 

r<\ 

00 

0 

^ Norm Marrow -{- Path Scrum 

Norm Marrow Norm Scrum 

0 67 

0 80 

00 

0 

Path Marrow -b Norm Scrum 

4 — “ — ■ 

Path Mairow -b Path Scrum 

I 5^ 

I 15 

0 85 

^ Norm Marrow + Path Scrum 

Path Marrow + Path Scrum 

I 08 

0 95 

0 86 

Figures i and z show that the erythropoietic activity of the 

pathologic marrow 


when nourished on normal serum not only did not drop by 15 per cent on applica- 
tion of the alien serum but even exceeded normal erythropoiesis by about 50 per 
cent (Lmc 4) The pathologic scrum, however, failed to keep a normal alien mar- 
row at 85 per cent of its production with its own serum, and reached a level of only 
about 67 per cent (Line 3) Both these deviations tended to disappear after treat- 
ment 
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L'iMpuATic Leukosis Treat id with Urethane 

Shortly after the publication by Paterson, Haddow, A p Thomas, and Watkinson 
on the treatment of leukemia with urethane,' we began investigations of the effect 
of such treatment, both clinically and by means of the technic here described 
Technical difficulties prevented corresponding studies on the leukopoietic activity 
of marrow because of the morphologic similarity of different cells in the early 
development of the white cell senes Cultivation of marrow was earned out before, 
during, and after treatment with urethane, which in these eases was supplemented 



Fio I Case X Leukosis lymfatica 


With folic acid, and which gave results in full conformity with those obtained by 
Paterson and her colleagues 

Case z (Figure i ) Woman, aged 66 For a few months, there was increasing 
loss of strength with expectoration and slight rise of temperature She was ad- 
mitted to the hospital, and a diagnosis was made of febrile bronchitis, obesity and 
osteoarthrosis of the knee joints There was no enlargement of lymph nodes, liver, 
or spleen The white cell count was 64,000 with 50 per cent lymphocytes Sternal 
marrow showed 70 per cent lymphocytes and the case was diagnosed as lymphatic 
leukemia Urethane was given in daily doses of 2. to 4 grams (146 grams in forty 
days) and was followed by a fall in leukocytes from 60,000 to 70,000 to less than 
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io,cxx) in four weeks After treatment for another two weeks the white cell count 
was below 10,000 At the beginning of treatment 90 per cent of the white cells were 
lymphocytes, but ten to eleven weeks later lymphocytes amounted to 15 per cent 
of the white cells 

At one time folic acid was added to the treatment in the hope of stimulating 
erythropoiesis, 300 milligrams being given in the course of three days The fall of 
the white cell count seemed uninfluenced by this medication The hemoglobin 
level was fairly constant at about 80 to 85 per cent 

Hb.% 



Fig 2 . Case 3 Leukosis 1 ) mfanca 

‘ Three months after the end of treatment the white count was still normal and 
the patient was felling well 

, Case i (Figure z ) Woman, aged 43 Since adolescence the cervical lymph nodes 
had been enlarged, varying in size but with no other symptoms At about 18 she 
; had been treated with roentgen rays, and at 30 by incision of suppurating lymph 

^ nodes 

1 

; For four years the patient had had increasing loss of strength and weight, pro- 
^ grcssive enlargement of lymph nodes, sweating, itching of the skin, diarrhea, dry 

^ cough, and a tendency to edema of the ankles Several febrile periods had been 

i* 



IN VITRO STUDY Or DONE MARROW 


l6l 


treated as pneumonias In the hospital she was found to have an anemia (Hb 
per cent), and enlargement of the lymph nodes to the size of an egg, in the neck. 


Tablii 3 — Cast 2 


i 

Scrum I, before 
treitmcnl, 
S/Jl/V. 

Serum II,dur!nr 
treatment, 
6 / 1 S /46 

Serum III, after 
treatment, 

) 0/1 7/1 6 

Jsormal Serum 
a, b, c 

Erythropoietic 
activity on alien 
scrum as per 
cent of activity 
on own scrum 

Marrow I 

X II. 

1 


a 

3 12- 1 

147 

Marrow II 


3 97 


b 

4 67 

117 

Marrow III 

1 

! 


A 93 

c 

5 03 

I ox 

Normal Marrow a 

3 04 


1 

a 

4 77 

64 

Normal Marrow b 


A 17 

1 

b 

4 87 

00 

Normal Marrow c 



4 74 

c 

5 2.7 

50 


Table 4 — Cast } 





Serum III, on 
rcadmission, 
10 / 14/46 

Normal Scrum 
a, b, c 

Erj thropoietic 
acti\rt> on alien 
serum as per 
cent of actiut) 
on orm scrum 

Marrow I 

3 »3 


1 

i 

1 

a 

4 32- 

138 

Marrow II 


3 63 


b 

4 58 

1x6 

Marrow III 

i 


4 xo 

c 

5 15 

1 IXO 

Normal Marrow a 

3 49 



a 

5 

1 

67 

Normal Marrow b 


3 38 


b 

4 83 

70 

Normal Marrow c 



4 56 

c 

5 36 

85 


the axillae and the groins The spleen was enlarged 4 to 5 cm below the costal 
margin The skin of face and neck showed small, firm, pink infiltrations the size 0 
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a pea, which on histologic examination showed leukemic infiltration Biopsy of a 
lymph node also showed the histologic picture of lymphatic leukosis 
The white cell count was yx.ooo, 85 per cent of which were lymphocytes In the 
sternal marrow lymphocytes amounted to Soper centofthcmarrow cells Treatment 
with urethane in daily doses of x to 4 grams (46 grams in fifteen days) caused a fall 
of the white cell count from yXjOoo to about 5,000 in fifteen days There was a rise 
in hemoglobin from 48 to 65 per cent A further increase to 51-98 per cent occurred 
later About one month after the end of urethane treatment 300 mg of folic acid 
were given in the course of five days At this time there occurred an increase in 
white cells to over 10,000, but after 3 grams of urethane daily for fourteen days the 
leukocyte count returned to normal, where it was maintained six weeks later At 
this time the lymph nodes had diminished slightly but were still markedly en- 
larged The spleen was palpable only during deep inspiration The subcutaneous 
infiltrations were iminfluenced by treatment The patient felt well, and the tempera- 
ture was normal 

Estimations of the erythropoietic activity in vitro of sternal marrow were under- 
taken in both Cases x to 3 both before and after treatment The points of time are 
indicated in figures i and x, and the results are tabulated in tables 3 and 4 
The calculated erythropoietic acuvity under various conditions in relation to the 
average values observed by cross experiments on ten normal marrows and sera 
were as follows 



5/31 

6/25 

10/17 

Normal 

Average 

Path Marrow -f Path Scrum 

Norm Marrow -p Norm Scrum 

0 45 

0 

0 94 

0 98 

Path Marrow -|- Norm Scrum 

Norm Marrow -f- Norm Scrum 

o 65 

0 96 

0 96 

0 83 

Norm Marrow 4- Path Scrum 

Norm Marrow -{- Norm Scrum 

0 64 

0 87 

0 90 

0 85 

^ath Marrow -}- Norm Scrum 

Path Marrow 4- Path Scrum 

I 47 

I 17 

I 01 

0 85 

Norm Marrow 4- Path Scrum 

Path Marrow 4- Path Scrum 

I 44 

I 05 

0 96 

0 86 


6/7 

I 

8/29 

n 

10/14 

m 

Normal 
A\ crage 

_J’ath Marrow 4- Path Scrum 

Norm Marrow 4- Norm Scrum 

0 60 

0 75 

0 80 

0 98 

Path Marrow -j- Norm Scrum 

Norm Marrow 4- Norm Scrum 

0 81 

0 95 

0 96 

0 83 

Norm Marrow 4- Path Scrum 

Norm Marrow 4- Norm Scrum 

0 67 

0 70 

0 85 

0 83 



164 


IN VITRO STUD! OF DON! MARROW 



on 

] 


10/14 

Normal 


III 

Average 

Path Manow -p Norm Scrum 

4 

Path Marrow Path Scrum 

1 38 

I 16 

I 10 

0 85 

Norm Marrow Path Scrum 

^ Path Marrow -f- Path Scrum 

I 11 

0 93 

I 08 

0 86 

In both CRscs, the deviations from the normal values 

as well 

as the approach 


toward the latter after treatment corresponded closely to the findings in pernicious 
anemia 


Summary 

Experiments have been performed on sternal marrow kept alive in vitro with 
serum as a nutritional medium 

Cross experiments with marrow and scrum from two normal persons show 
roughly identical values for crythropoicsis The same applies to marrows and sera 
from cases of mild simple anemia 

Marrow from a patient with pernicious anemia showed increased crythropoicsis 
in vitro if nourished on normal scrum, whereas scrum from the same case lowered 
the crythropoicsis of normal marrow After treatment with liver extract, con- 
ditions tended to return to normal 

Marrow from z cases of lymphatic leukosis displayed corresponding phenomena, 
and showed a tendency to return to normal after treatment with urethane and folic 
acid 

Further investigations along these lines arc in progress 

REFERENCES 

1 Paterson, Haddow, Ap Thomas, and Watkinson Leukemia treated with urethane compared with 
deep X-ray Thcrapj Lancer, p 677, 1946. 

' Plum, Claus Munk Methods for continuous tissue cultuie as applied to bone marrow Acta phjsiol 
Scand a x6o, 1945 

a In vitro study of bone marrow I A method for marrow culture II Studies of er) thropoicsis 

Blood, Supp 7 33, 41,1947 

■* Plum, Ruth Rcticuloc) tmodningsinde under normale og pathologiske Forhold Danish Thesis 
Copenhagen, 1947 

® Rasch, G Personal communication To be published 



STUDIES ON BONE MARROW IN VITRO 

III The Effect of Anoxia and Hyperoxia on Explanted Bone Marrow 

By A Rosin, M D * and M Rachmilewitz, M D 

T he effect of low oxygen tension on hemopoiesis is well known, since numerous 
observations have been made on men and animals living at high altitudes 
It has been established that the increase in red cells and hemoglobin at high alti- 
tudes IS not due to hemoconcentration or to an abnormal distribution of the blood, 
but to a real increase in production The latter is manifested by a rise in reticulo- 
cytes in the peripheral blood and by erythroblastic hyperplasia of the bone marrow 
These facts led to the widely accepted conception that even under normal circum- 
stances bone marrow activity is largely regulated by the oxygen tension in this 
organ Minot and Castle^ stated that "in the presence of the necessary chemical 
factors for normal maturation, the supply of red blood cells is regulated largely by 
the oxygen tension of the bone marrow ’’ Cp 13) It is, however, unknown whether 
the bone marrow is directly influenced by the fluctuations of the oxygen tension, 
or whether the response of the bone marrow is provoked indirectly by other fac- 
tors, initiated by the low oxygen tension, such as the appearance of incompletely 
oxydized metabolic products, or vasomotor phenomena It seemed desirable, there- 
fore, to study the direct effect of various oxygen tensions on bone marrow activity 
Isolated bone marrow surviving in vitro offered a good opportunity for this 
purpose 


Material and Methods 

The bone marrow from the tibia of 6-8 weeks old rabbits was used The technic 
of explantation was that described in the first paper of this series ^ The glass tubes 
containing the bone marrow explants were placed of)en in a glass flask into which 
the desired gas mixture was introduced The gas chamber (diameter 5 5 cm and 
height 15 cm ) consisted of two parts, the flask and the cover, connected with a 
ground glass )oint The flask contained a rack for four culture tubes and a few cc 
of water at the bottom to prevent desiccation After placing the tubes with the 
cultures in the flask, this was tightly closed with the cover The cover contained 
an inlet and an outlet tube of glass, through which the gas was circulated, the 
inlet tube, reaching the bottom of the flask, the opening of the outlet tube being 
only a few cm below the top of the cover In each experiment two liters of the 
desired gas mixture were driven through the apparatus and it was then closed by 
two glass stopcocks in the inlet and outlet tubes 

The gas mixtures were prepared in graduated bottles over wmter For mixtures 
containing less than 2.0 per cent Oo, atmospheric air was diluted with nitrogen 
For mixtures containing more than zo per cent oxygen, pure oxygen and nitrogen 

From the Department of Experimental Pathologt, The Hebrew Universm and the Medical Depart- 
rnent B , Rothschild Hadassah Uiuacrsit) Hospital, Jerusalem 
Working under the Cancer Laboratories Fellowship 
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were mixed Oxygen and nitrogen were taken from commerical cylinders, the 
nitrogen being passed before use over heated copper turnings The m-going gas 
was always at atmospheric pressure The gas chambers thus prepared as well as 
the control cultures were placed in the incubator at 37°C for X4 hours Gas mix- 
tures containing i, 3, 5, 10, ix, 15 and 50 per cent oxygen were used The control 
tubes containing atmospheric air were closed with corks as usual 
After incubation the bone marrow cxplants were fixed together with the plasma 
clot in Zenker's fluid Serial sections 4/1 in thickness were cut from the material 
embedded in calloidin-paraflin They were stained with hcmatoxylin-cosin and 
with Giemsa's stain 


Observations 

Cultures of bone marrow tucubateil tn an atmosphere containing / per cent oxygen 

The cultures maintained in an atmosphere containing 1 per cent oxygen were 
severely damaged There were in all 7 cultures treated in this way and all of them 
presented a uniform picture of disintegration The stroma appeared brownish in 
the hcmatoxylin-eosin preparation, and the stroma cells were mostly damaged 
The hemic cells, crytbroid as well as myeloid, showed marked signs of degenera- 
tion The nuclei of the erythroblasts and normoblasts showed margination of 
chromatin or were fragmented, the promyelocytes and myelocytes showed kario- 
lysis Nuclear debris was scattered throughout the whole preparation The only 
cells well preserved were the megakaryocytes On the periphery of some explants 
single well preserved polymorphonuclear leucocytes and their precursors could be 
observed, and very exceptionally a myelocyte was found in mitotic division 

The surrounding plasma contained undamaged polymorphonuclear leucocytes 

Cultures of bone marroiu incubated tn an atmosphere containing } per cent oxygen 

Eleven explants were incubated in an atmosphere containing 3 per cent oxyg^ti 
Practically all of them showed signs of severe injury of the crythroid and the mye- 
loid cells, similar to those seen in the cultures in 1 per cent oxygen Here also the 
megakaryocytes were well preserved The only difference worth mentioning be- 
tween the cultures in i and 3 per cent oxygen was the presence in some explants 
maintained in 3 per cent oxygen of a peripheral zone containing a greater number 
of undamaged cells of all varieties and in all stages of maturation In this zone 
mitoses were not rare In the plasma numerous polymorphonuclear leucocytes 
were present 

Cultures of bone marrow incubated tn an atmosphere containing / per cent oxygtu 

In all x4 cultures were maintained in 5 per cent oxygen Of these 19 were damaged 
and the remaining 5 were similar to the controls The degree of damage was not 
the same in all injured cultures Some offered a picture of complete disintegration, 
others were less uniformly damaged and showed well preserved cells in some peri- 
pheral areas of the fragment In these areas usually the cells of the myeloid series 
prevailed The mature leucocytes and erythrocytes were always well preserved 
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Fig 2. Experiment R9i Hematoxylin Eosin (X 450 ) 
a) Explant of bone marrow in atmosphciic air after 14 hours of incubation 
b; Explant of bone marrow in an atmosphere containing 50% owgen after 14 hours of incubation 


Cultures of bone marrow incubated in an atmosphere containing 10 and 12 per cent oxygen 

There is no essential difference between the behavior of the bone marrow cul- 
tures maintained in an atmosphere of 10 and iz per cent oxygen, and that of cul- 
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tures maintained in an atmosphere of 5 per cent oxygen Out of i8 cultures kept 
in an atmosphere containing 10 and 11 per cent oxygen, zz were severely damaged 
The remaining 6 were fairly well or well preserved Here, too, cultures consisting 
predominantly of erythroid cells were more damaged than those in which the 
myeloid elements prevailed The well preserved cultures contained cells in mitotic 
division, their numbers being, however, less than in the controls 

Cultures of bone marrow incubated in an atmosphere containing j/ per cmt oxygen 
The cultures maintained m an atmosphere containing 15 per cent oxygen pre- 
sented quite a different picture as compared with the cultures grown in atmospheres 
with lower oxygen content Out of ii cultures 8 were in good condition and similar 
to the controls 3 cultures were somewhat damaged, the normoblasts being here 
also the most affected Mitoses in the well preserved cultures were nearly as numer- 
ous as in the controls 


Table i — Effect of Hyptroxta (;fl% Oxygen') on the Mitottc Activity of Bone Marrow in Vitro 


Animal No 

Percentage mitoses 

24 hours old explants m 

atmospheric air i 

‘A’ ! 

24 hours old explants in an atmos 
phere containing 50% oxjgen 
‘B’ 

R9X 

3 8 

7 8 

R93 

3 8 

6 0 

R94 

I 4 

^ 4 

R95 

3 6 

A 8 

R96 

L 8 

7 0 

R97 

3 8 

4 8 

R98 

I- 4 

4 i 

R99 

0 6 

! “ ^ 


Cultures of bone marrow incubated in an atmosphere containing yo per cent oxygen 

The cultures maintained in an excess of oxygen presented a picture of definitely 
stimulated bone marrow They were characterized by their rich cellular! tj and 
excellent condition of the individual cells (figs i and z) In all, 31 cultures were 
niaintained in an atmosphere containing 50 per cent oxygen Close examination 
of the cultures maintained at 50 per cent oxygen revealed a distinct feature in their 
cellular composition, namely the abundance of mature cells, mainly segmented 
leucocytes They contained also a varying amount of precursors, predominanth 
myelocytes, often in mitotic division The mitotic activity of the cultures was 
determined by counting the number of mitoses present in 500 cells capable of under- 
going mitotic division The counts made on the experimental cultures and on the 
controls revealed that the cultures maintained in 50 per cent oxygen contained a 
higher number of mitoses than the controls (table i) It thus seems that the higher 
Ortension had a stimulating effect on multiplication and maturation 

Discussion 

No data arc available in the literature on the effect of various oxigen tensions on 
hone marrow cultivated in vitro The behavior of cultures of other tissues under 
different oxygen tensions has been the sub)ect of stud\ b\ a number of in\ cstigators 
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Durrous’ (1510-11) working witli Lulturc; of heart fihr<)!)la*.ts derned from chief cn enibr}05 of 4 
to 5 di)s of incubation, found that thc\ could «;iir\nc and grot tcnipnrarilt in the absence of ox)gen 
Fibroblasts of 10 to 15 da) old cinhr\os, howeter, grew onl) in an atmosphere containing i 8 and 5^ 
per cent o\)gcn rcspcctnch 

Wind^ (1916) examined tlic bchatior of Rous sarcoma cultures under cntircl) anaerobic conditions 
He found that in anaerobic conditions tlic cultures stirs ned and the cells migrated and disided norraall) 
for 48 hours If the) were transplanted and ciiltis ated for a further ^8 hours under anaerobic conditions, 
migration occurred, but not as evtcnsisel) as in the aerobic control cultures During the third passage 
the cells in the anaerobic cultures died 

Mottram* (1917) studied the effect of reduced oxtgen tension on cultures of rat fibroblasts, kidnc) 
and Jensen sarcoma He found that no tell migration tool place in the cultures of fibroblasts and kidnc) 
at mm Hg (5 1 per cent O;) or lower tensions of oxsgen Tlic cultures of Jensen sarcoma were less 
sensitise to ox)gcn ssant, since cell migration could 1 c cibsersed in thc<c cultures even at ao mm Hg 
(x 6 per cent O;) No obscrsations were made as to the occurrence and frcquenc) of cell dnision in these 
cultures 

Wright® (15x8) determined the critical tension required for cell dis ision in cultures of sarious tissues 
He found that the lowest tension at which cell division takes place was for chicken heart fibroblasts 
about IX mm Hg (i 6 per cent O;), for Jensen rat sarcoma 6 mm Hg (o 8 per cent and for mouse 
carcinoma xi^6 about 3 mm Hg (o 4 per cent O-) The condition of the cells vvas good under tensions of 

14 7 mm Hg (i 9 per cent O;) and above 

Ephrussi, Chcvillard, Ma)cr and PlantcfoP (i9»9), working with cultures of heart fibrobla'ts of 
chicken cmbr)OS, found that migration took place even in the complete absence of ox)gcn However, 
cell division was inhibited under owgcn tensions of 7 mm Hg (o 9 per cent 0 -.) 

Lippraann* (1933) observed that outgrowth vvas possible, but at a verv reduced rate, in fibroblast 
cultures under entirely anaerobic conditions If respiration was reduced to i, increase of area was dimin 
ished to ^ 

Julius* (1933) examined cell cultures in gas mixtures containing oxv gen from o to 96 per cent He found 
increase in area even at i per cent o\)gcn The optimal conditions for grow th were seen in an ox) gen con 
ccntration corresponding to that of atmospheric air Mitoses were scarce in pure nitrogen 

Gomirato'® (1934) found inhibition of growth, but no death of cells, in cultures of heart fibroblasts 
from chicken embryos maintained in pure nitrogen 

Knake” (1934) is the onl) author who claimed a growth stimulating effect of reduced ox)gcn tensions 
(5 per cent) on fibroblast cultures In ver) low ox)gcn tensions, such as o x per cent, as well as in ver) 
high oxygen concentrations, 1 c 100 per cent, the cultures were damaged Ox)gcn concentrations of 33 
and 66 per cent did not affect the grow th of fibroblasts 

The investigations cited above indicate that growth of different tissues in vitro 

15 possible under very low oxygen tensions, and even under anaerobic conditions, 
but that the growth rate is considerably reduced The few obsensations on mitoses 
in tissue cultures under low oxygen tensions always registered inhibition of mitotic 
activity According to Wright mitoses in fibroblasts may be present in oxygen con- 
centrations as low as I 6 per cent, according to Ephrussi et al even in concentra- 
tions of o ^ per cent Growth stimulation of mesenchymal cells, measured by 
the area of outgrowth, caused by low oxygen tensions, was found only by Knake 

Several authors observed an injurious effect of low oxygen tensions on the cells 
Wright found injury of fibroblasts in cultures kept in an atmosphere containing 
only I 9 per cent oxygen, and Knake in an atmosphere containing 5 per cent oxygen 
It must, however, be kept in mind that these authors studied the outgrowing cells 
and not the cells in the cxplant itself, as we did Our experiments on bone marrow 
growing in vitro show that the reduction of oxygen concentration below 15 
cent has an unfavorable effect on the marrow parenchyma This is manifested by 
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the poor preservation of the e\ plants maintained under low oxygen tensions, and by 
inhibition of multiplication, whereas cell migration took place under all O2- 
tensions tested The lower the oxygen tensions under which the cultures were kept 
the more pronounced was the cell damaging effect and the reduction of mitotic 
activity Single cells in mitotic division could be found even in gas mixtures con- 
taining I per cent oxygen, but the mitotic frequency was greatly decreased under 
reduced oxygen tensions as compared with the control cultures in air Our observa- 
tions indicate that erythroid cells are more sensitive to oxygen want than myeloid 
cells, hende the particularly poor preservation of cultures derived from predomi- 
nantly erythropoietic bone marrow 

It IS generally accepted that the oxygen physically dissolved in the plasma repre- 
sents the immediate source of supply to the tissues The quantity of the physically 
dissolved oxygen depends on the partial pressure of the oxygen in the atmosphere 
Thus plasma saturated with alveolar air, containng 14 per cent oxygen, takes 
up o 3 per cent oxygen, plasma saturated with pure oxygen takes up z z per cent 
oxygen The oxygen consumed by the tissues is constantly replaced in vivo by the 
oxygen dissociated from oxyhemoglobin In our in vitro experiments the only 
source of oxygen supply is the respective gas mixture in which the cultures are 
kept The volume of the gas mixture is comparatively large in relation to the size 
of the cultures, so that an ample supply of oxygen is secured during the relatively 
short period of incubation It must, however, be kept in mind that the oxygen sup- 
ply may be different in various layers of the culture, the gas penetrating more 
readily into the superficial than into the deep layers This reservation holds true 
for all the cultures, including the controls in air, and our conclusions are based on 
the comparison of the conditions of the cultures kept in various oxygen tensions 
with those of the controls 

The lack of bone marrow stimulation by low oxygen pressure cannot be explained 
by mere technical shortcomings of our method, especially if a comparison is made 
between the cultures kept under low oxygen tensions and those under high oxygen 
tensions, 1 e 50 per cent oxygen, when a distinct stimulation could be seen The 
stimulation was shown by an increased rate of multiplication as evidenced by the 
mitotic count, and by accelerated maturation, especially of the myeloid cells Thus 
the cultures maintained at 50 per cent oxygen could be easily recognized by the rich 
cellularity and by the excellent state of the cells The stimulated maturation, 
particularly of the granulocytes, caused by an excess of oxygen, is interesting in 
view of the frequent finding of leucocytosis in the peripheral blood in animals 
and men under high oxygen tensions It is not, however, yet established 
whether this leucocytosis is a real one, or whether it is due to inflammatory changes 
m the lungs caused by inspiration of air rich in oxygen 

It is obvious that observations made on tissue surviving in vitro have only a 
limited value for the interpretation of processes taking place in the living body 
This IS also true in the case of anoxia and its effects on blood regeneration However 
our findings justify a critical analysis of the widely accepted view that deficient 
oxygen supply to the bone marrow is the main stimulus for the increased produc- 
tion of red blood cells and hemoglobin 
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Paul Den’* and Viauli*‘wcrc tlic first ff» ohstrrsc incrc3'.cd hemoglobin and red cell formation m men 
and animals Ining at high altitudes Miescher'^ then adsocated the sicv that thcph)siologicalrcgcn 
cration of red cells and hemoglobin ssas gosernet! b) a rclatisc ox)gen v ant existing under normal con 
dittons in the bone marrow In anoxia bone marrow actisit) is stimulated to increased blood formation 

Dallwig, Kolls and Locsenhart" obsersed jn animals subjected to low oxjgcn tensions an increase 
in hemoglobin and a marked extension of the red bone marrow In accordance ssith the sicw of Miescher 
the) came to the conclusion that the bone marross s as stimulated bj the low partial pressure of ox) gen 
The same \icss was adopted h) Schauniann and Roscnqiiist” and hs Loess) *“ 

There nre certain facts, however, alrcitl) pointed out hj Miescher, ‘'Morawitz'' 
and by Loew)-*’ which arc difficult to fit in with the theory that reduced oxygen 
tension in the hone marrow itself is responsible for the phjsiological and the accel- 
erated blood regeneration If oxygen want is directly responsible for the increased 
hemopoiesis at high altitudes, one might expect a certain relation between the 
diminution of the oxygen tension and the degree of blood regeneration This is, 
however, not always the ease, definite hone marrou stimulation is already found 
at altitudes of 600-700 meters where a diminished oxygen tension in the tissues can 
hardly' be expected The increased blood production at altitudes of tooo to 5000 
meters can easily' be explained by' the reduced oxygen tension, but this increase 
docs not continue at higher altitudes, such as 6000 meters and more, where the 
proportion of reduced to oxygenated hemoglobin increases rapidly' (Hurtado -) 

According to the theory of the stimulating effect of oxygen want, one should 
assume that strenuous exercise which increases the anoxia, should also augment 
the blood regeneration This, however, is not in agreement with the observations 
of Cohnhcim and Krcglingcr-'' and Gross and Kestner-^ who found that strenuous 
exercise at an altitude of 10,000 feet produced a fall in hemoglobin 

Furthermore, if oxygen want is the factor responsible for bone marrow stimu- 
lation, one should expect that atmospheres rich in oxygen should depress bone 
marrow activity Experiments to this effect made on animals reveal contradictory' 
results Some authors found a decrease,-®" -®'' others an increase in red cells 
Accordmg to Karsner,^® prolonged exposure to high oxygen concentrations pro- 
duced no changes in the erythrocyte count In this connection the experiments of 
Boykott and Oakley®” are significant These authors failed to find in rats an inhibit- 
ing effect of high oxygen concentrations on the regeneration of red blood cells 
after hemorrhages The reticulocyte response was rather greater in the rats exposed 
to 65 per cent oxygen after bleeding and the color index was regularly lower than 
in the controls 

The definite stimulation of bone marrow activity at high altitudes may be due 
not to oxygen want in the marrow, but to compensatory factors initiated by the 
low oxygen tension of the atmosphere The factors which come into pH}'' under 
low oxygen tension and which may compensate for the oxygen want arc increased 
respiration, increased arterial pressure, increased cardiac rate, and at very high 
altitudes, increased minute cardiac output Sands and de GraapJ found in dogs sub- 
jected to a reduced oxygen tension in the inspired air an increased systolic dis- 
charge, an increased heart rate and a reduced peripheral resistance, all factors 
leading to an increase of the minute flow of blood through the body Thus it may 
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be assumed that m moderate degrees of anoxemia the blood flow may also increase 
in the bone marrow so that actually there may be no oxygen want, but even a com- 
pensating hyperoxemia in this organ 

According to GcselP- a greater utilization of oxygen by the tissues and an actual 
increase in oxidative energy occurs even during the period of oxygen want, when 
a normal increase in ventilation is allowed to combat the shortage of oxygen in 
conjunction with circulatory adjustments Thus one could assume that a state of 
"anoxic hyperoxia" might arise in analogy to the "hyperoxic anoxia" postulated 
by Bean** in oxygen poisoning 

The effect on the bone marrow of compensatory processes taking place in anox- 
cmic conditions might explain the increased blood regeneration already found in 
low altitudes, and the fact that at very high altitudes, where the circulatory and 
respiratory adjustments may become insufficient, no further increase in blood for- 
mation occurs 


Summary 

The effect of various oxygen tensions on explanted bone marrow fragments was 
studied It was found that gas mixtures containing i, 3, 5, lo and iz per cent oxygen 
have an injurious effect on hemic cells Bone marrow maintained in these gas mix- 
tures showed various degrees of degeneration, which was the more pronounced the 
lower the oxygen tension Mitotic activity was also found to be reduced under the 
influence of low oxygen tension 

Bone marrow cultures maintained in a gas mixture containing 15 per cent oxygen 
did not show appreciable changes and were similar to the controls 

Increased rate of maturation and multiplication occurred in bone marrow cul- 
tures maintained in an excess of oxygen, 1 e 50 per cent 

The significance of these findings in the light of observations on the effect of 
anoxia in vivo has been discussed, and reported findings on the effect of low oxygen 
tensions on other tissues in vitro have been briefly reviewed 
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ELECTRON MICROSCOPE STUDIES OF BLOOD CELLS 

By John W Rebuck, M D , and Helen L Woods 

I N AN earlier report^ we have described briefly the technics utilized in the applica- 
tion of the electron microscope to the study of the blood cells and the prelim- 
inary results obtained by these technics They consisted of the study of lympho- 
cytes, macrophages and neutrophilic leukocytes of experimental inflammatory 
exudates of man as well as the neutrophiles, neutrophilic metamyelocytes, lympho- 
cytes and their precursors, red corpuscles and the later stages of normoblasts ob- 
tained from the hematopoietic organs of man 
Several excellent, electron micrograph studies of other tissue cells have already 
been reported, even though the study of these relatively large, thick and more 
delicate tissue cells with the electron microscope has imposed somewhat greater 
problems than has the study of bacteria and viruses Scott and Packer^""* reported 
on the localization of minerals, particularly calcium and magnesium, in striated 
and smooth muscle,^ and Scott and Anderson® studied connective tissue Schmitt, 
Hall, and Jakus’“^® have contributed much to our understanding of protoplasmic 
fibrils in their studies of collagen fibers, protozoan trichocysts, muscle fibers, sperm, 
flagella, cilia and fibrin Richards, Anderson and Hance^'' depicted electron micro- 
graphs of striated muscle Clark, Barnes and Baylor^® and later Buchholz^® have 
reported on chromosome structure Claude and Fullam^^ studied isolated mito- 
chondria and sections of guinea pig liver with the electron microscope Porter, 
Claude and Fullam^® devised a method of electron microscopy of tissue cultures of 
fibroblasts and nerve endings 

A small number of papers have dealt with electron microscope studies of the 
blood cells or their derivatives To the best of our knowledge, save for our prelim- 
inary report mentioned above, they have concerned themselves with studies of 
the blood platelets or the mature red blood corpuscles Wolpers and Ruska^° re- 
ported on the structure of the blood platelets and their relation to fibrin The 
platelet granulomere was found to consist of from 6o to ixo granules, rarely as 
few as xo granules were seen The hyalomeric protoplasm exhibited a fine frame- 
work-like structure (their figure 9) In the course of the clotting process their 
electron micrographs depict the platelets swelling, aggregation of granules, 
vacuole and process formation by the hyalomere, loss of all save a remnant of 
hyalomere, but finally, persistence of the granules as a place of deposition or at- 
tachment for the fibrin micelles In a later paper Ruska and Wolpers^^ detected 
regularly spaced, dark cross bands in fibrin fibrils Wolpers^^ separately investi- 
gated the structure of the red corpuscular membranes Electron micrographs of red 
blood corpuscles and hemolysed erythrocytes are depicted by him The membranes 
of the latter were studied after lipid extraction and were composed of an intricate 
meshwork of long and slender protein fibrils Barnes, Burton and Scott*® portrayed 
m their Fig 5 a polystyrene-silica replica of red blood corpuscles Jones recently 
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was able to make methacrylate surface replicas obtaining micrographs of blood 
cells of a quality similar to those of polystyrene 

Materials and Methods 

We have employed several technics First, lymphocytes, macrophages and 
neutrophilic leukocytes of the inflammatory exudate of man were obtained by 
applying formvar-covered glass cover slips over small lesions produced in the 
corium of the forearm of human volunteers To produce these small lesions, the 
fofearm was first cleansed with alcohol, then by means of a sterile scalpel or sterile 
razor blade, the epithelium was slowly scraped away over a circumscribed area 1 
to 3 mm in diameter, until the papillary layer of the corium was exposed A few 
minute bleeding points indicate the proper depth Care must be taken to avoid 
lacerations or obvious hemorrhage into the bed of the tiny lesion In keeping with 
Kolouch’s^* investigation of lymphocytic functions in rabbits with the light 
microscope, a small drop of egg white was next placed on the lesion, to increase 
the lymphocytic content of the cellular exudate 

A formvar-covered glass cover slip was next placed over the lesion, film side 
down The cover slip was then covered with a square of cardboard and the enure 
preparation was covered with surgical adhesive tape, approximately x by 4 inches 
in size Additional pressure over the lesion can be obtained by placing a flat-bot- 
tomed cork over the adhesive surmounting the cover-slip area, the cork is then 
held in place by a long narrow adhesive band 
In an hour or two the cells of the inflammatory exudate migrate to the under 
surface of the formvar film of the cover-slip, spreading themselves out in a thin, 
single-celled layer When at definite timed intervals, it is desired to sample the 
cellular exudate, the film-covered cover-slip is removed from the lesion and the 
lesion IS immediately recovered by a second film-covered glass cover-slip The cells 
which migrated to the undersurface of the film-covered cover-slip, while still on 
the cover-slip, are immediately quick-frozen and dehydrated in vacuo according 
to WyckofF s^® modification of the Altmann-Gersh-^ technic It should be noted 
that earlier, Scott and Packer had prepared striated muscle for electron microscopy 
by plunging the muscle into chilled isopentane before dehydration 

The final specimen mounting is performed as follows Place the specimen screen 
over a suitable cell-containing area which has been selected for observation in the 
electron microscope The suitability of such areas first may be adjusted roughly 
by examination imder the optical microscope Next a strip of Scotch tape is affixed 
over the specimen screen as well as over the entire slide The Scotch tape is then 
removed and the film adheres to it Inasmuch as the specimen screen is interposed 
between a small portion of the film and the Scotch tape, removal of the specimen 
screen at this stage will carry along an equal area of the film The intact cells arc 
thus actually mounted and observed between the specimen screen and the film 
This IS a direct mounting technic, then, and these specimens are not replicas 
Another satisfactory method of sampling the fresh exudative cells of man was 
obtained by imbedding a formvar-covered zoo mesh specimen screen, film side 
down in the lesion instead of surmounting the lesion with the formvar-covered 
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glass cover-slip The screen is covered as before, the sterile glass cover-slip is also 
included, this time serving merely as a bland protective surface about the screen 
For a few hours the diapedesis and extravasations of red corpuscles into the lesion, 
as well as the cellular debris, will obscure the screens for electron micrographic 
purposes But if the film-covered screens in the lesion are replaced by means of 
fine sterile forceps at intervals of several hours, the exudate will gradually thin 
out and satisfactory preparations can be obtained These formvar-covered specimen 
screens were prepared in the usual manner as outlined in current texts of electron 
microscopy 

A third technic employed for the study of the blood cells of the lymph nodes, 
spleen and bone marrow of man consisted of obtaining imprint preparations of 
portions of such organs upon formvar-covered glass slides Both fresh surgical 
pathology specimens and specimens obtained at autopsy were utilized The freshly 
cut surface of a small portion of the organ is very gently brought in contact with 
a formvar-covered glass slide, without any smearing or pressure The preparations 
so obtained were also frozen and dehydrated in vacuo The films were then trans- 
ferred to screens by the modified stripping technic described above in which the 
cells were again retained intact Rarely in clinical work when more elaborate ap- 
paratus was not available, the imprint preparations were merely air-dried 

Downey and his associates in this country^®~3i have been persistent advocates 
of the imprint technic as an adjunct to the detailed cytologic examination of the 
blood cells with the optical microscope Sweitzer and Winer®^ have recently pub- 
lished an illustrated description of this technic for optical examination Once 
experience has been gained in optical studies by means of the imprint technic, its 
application to electronic studies is not difficult 

Results 

Fig I IS an electron micrograph of a mature red blood corpuscle (X5400) It 
IS shown merely for purposes of size orientation A micron scale is also shown 
Such a corpuscle shows no stromal details, but Wolpers work on the membranes 
of hemolysed corpuscles has shown that the surface of the membrane is composed 
of a fibrous network following the surface curvature Fig 2. (X 5400} is an electron 
micrograph of an orthochromatic normoblast from a bone marrow imprint The 
distinct, fine chromatin particles, are partially obscured by denser, coarse chromatin 
clumps as the red cell undergoes its natural pyknosis The central cell in the next 
electron micrograph, fig 3, corresponds to the polychromatophilic stage of normo- 
blastic development, this cell was magnified to X 5400 Note the larger areas of 
finely dispersed chromatin in this nucleus, indicating less nuclear maturity The 
cytoplasm of both these cells (fig z and 3) is scant and not remarkable at this 
magnification 

Fig 4 IS an electron micrograph of a small macrophage or histiocyte, obtained 
from the inflammatory exudate of the arm, magnified to X5400 This cell measures 
9 by 15 microns It was obtained 16 5 hours after inflammation had been produced 
The horseshoe shaped nucleus, the nucIcar-cytoplasmic interface, the cytoplasm 
and the cytoplasmic surface are plainly seen A portion of the same cell magnified 
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to X 18,000 in fig 5 shows an interlacing network which goes to form a type of 
cellular skeleton The greater portion of fig 5 depicts the delicacy of the nuclear 
framework Only the lower central portion of the micrograph contains a small 
area of tne cytoplasmic bay, but it is sufficient to afford ample study of its con- 



Figs I to 4 


trasting structure The nuclear interstices, are, on the average, smaller than those 
within the cytoplasmic protoplasm, although some of the smaller cytoplasmic 
spaces measure only 15 x 30 millimicrons and some of the larger nuclear spaces 
measure 110 x zoo millimicrons The nuclear strands or fibrils appear to be thicker 
than the corresponding structures in the cytoplasmic protoplasm 
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Fig 6 (XiijOoo) IS an electron micrograph of this cell depicting the major 
portion of the nuclear indentation and cytoplasmic bay areas The U-shaped por- 
tion of nuclear membrane can be observed as an anchoring membrane for both 
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only 140 to zoo or so Angstrom units in breadth and about 1000 Angstrom units 
in length 

Fig 8 IS a micrograph of a second macrophage from the 165 hour stage of in- 
flammation in man To the best of our knowledge this is the first electron micro- 
graph depicting phagocytosis Cellular debris has been ingested by a small mono- 
nuclear This phagocyte only measures 7 x 10 microns A delicate rim of cytoplasm 
IS depicted bridging over the particle The vacuolar lining wall is formed by loops 
of cytoplasmic fibnllae which usually arch out towards the vacuolar lumen and 
return into the cytoplasm after forming a scallop-iike lining for the vacuole 
Occasionally free ends of these fibnllae appear to project for short distances into 
the vacuole 

Fig 9 CX5400) IS a micrograph of a third macrophage from the eleventh hour 
of inflammation in another lesion of the forearm Fig 10 (X 18,000) is a high power 
view of a portion of the nucleus and cytoplasm of the same cell The structural 
features of the horseshoe shaped nucleus, cytoplasm and nuclear membrane can 
also be observed in this cell In all of these macrophages at the site of the cyto- 
plasmic surface, the fibrillar structures of the protoplasm seem to project quite 
freely, without forming a distinct membrane This could be due to slight shrinkage 
of the cytoplasm with the initial impact of the electrons, if not, the well known 
sticky character of the surface of such cells may be in some way related to this 
finding 

Fig II (X 11,000) IS a micrograph of the peripheral portion of the cell body of 
a fourth macrophage taken from the same lesion as the previous cell at the eleventh 
hour of inflammation Several linear arrangements of feather-like, clear areas 
radiate throughout the cytoplasm This finding warrants some discussion of ice 
crystal artefacts, although, for reasons which will appear below, we do not feel 
that such spaces represent ice crystal artefacts Simpson®^ analyzed the various 
factors influencing ice crystal artefacts produced m protoplasm by the Altmann 
technic Although his work was performed with the light microscope, he found 
that such artefacts were small enough to disrupt nuclear detail and produce fine 
reticulation of the cytoplasm in sections of gmnea pig liver cells at some distance 
from the surface of the tissue block The operation of such factors in the produc- 
tion of the extremely small interstiual nuclear and cytoplasmic spaces of our figs 
4 to II cannot, of course, be definitely excluded at this time Examination of Simp- 
son’s fig 3, plate I, reveals, however, that his ice crystal artefacts are many 
hundreds of times larger than the protoplasmic spaces of our macrophages Kist- 
ler’s®^ concept must also be considered, namely that the water of biological tissues 
is in the form of small isolated droplets and may undercool without freezing It is 
probable that the water content of the macrophages is higher than that of the 
blood cells themselves Certainly it is true that according to Simpson’s standards, 
our preparations approach the optimum as to size of the piece of tissue frozen and 
ratio of large surface area to small tissue volume It is unlikely that an insulating 
gaseous phase of any consequence enveloped the cells of our preparations under the 
conditions of the technic employed Wolpers and Ruska-° demonstrated a type 
of protoplasmic framework similar to that under discussion, in the hyalomere of 
blood platelets Their electron micrographs are of platelets not submitted to 
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freezing of any type Wolpers’^^ electron micrograph of an unfrozen red corpuscular 
membrane likewise shows a type of delicate fibrillar structural framework, dem- 
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Figs 11 and li 


Chambers and Hale,^^ on the other hand, employed internal freezing to throw 
light on structural elements within the cell instead of looking upon it as a possible 
source of ice crystal artefacts They demonstrated that the advance of ice columns 
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within the protoplasm of frog muscle cells occurred by congealing of the water 
present m advance of the crystal ‘Hence it is reasonable to suppose that the 
steady and uniform advance of the longitudinal ice columns during the internal 
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freezing of a muscle fibre is along uninterrupted fluid interstices between more solid 
constituents ” To them, the random spreading of fine feathery crystals withm the 
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protoplasm of amoebae indicated a lack of a complicated framework structure 
Because of temperature differences between the interior of the cell and its environ- 
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ment, they assumed the existence of “stiJl finer capillary spaces within the cell ” 
The finding of free fibrillae at the cytoplasmic surface of our macrophages is open 
to the criticism of their view that to attain internal freezing, the plasma membrane 
breaks down 

Fig li (X5400) IS a micrograph of one neutrophilic leukocyte and a portion 
of two others Neutrophil granules, seen only indistinctly heretofore with the 
optical microscope, when seen at X 18,000 (fig 13) are round, oval, or rod-shaped 
structures At X 47, 000 (fig 14) and X72.,ooo (fig 15) the neutrophil granules 
are clearly demarcated They measure from 70 by 85 millimicrons up to as much 
as 465 by 650 millimicrons Figs 13 and 15 are from the same frozen and dehydrated 
preparation Fig 14 was taken from a preparation which was merely air-dried 

Fig 16 IS an electron micrograph (X5800) of a neutrophilic metamyelocyte or 
juvenile from the bone marrow Its deeply indented nucleus and granular cyto- 
plasm are characteristic features Fig 17 is a micrograph (X5400) of a neutro- 
philic myelocyte with its round nucleus and the less abundant granular content 
of its cytoplasm Fig 18 (X 5400) is a portion of another neutrophilic myelocyte 
Fig 19 (X5800) depicts a portion of the nucleus (to the left center) and cell body 
of an eosinophilic leukocyte The eosinophil granules are nearly spheres and are 
quite clear and can be best made out as they overlie the nucleus Eosinophil gran- 
ules range from 780 x 830 up to 1050 x 1150 millimicrons in size Fig zo (X5800) 
represents one of the granulocyte precursors at the promyelocyte or possibly the 
leukoblast stage The granules in the cytoplasm are less well-defined, and it is 
impossible to state whether they represent specific or azurophil granulation The 
cytoplasm is more abundant than the preceding stages The nuclear membrane 
is exceedingly thin, the chromatin pattern is much finer than the older develop- 
mental forms and three or four nucleoli are in evidence All the developing granulo- 
cytes were obtained from bone marrow preparations 

Fig zi (X 5400) is a micrograph of a group of three normal, small and medium- 
sized lymphocytes from a lymph node This preparation was not frozen or de- 
hydrated, It was merely air-dried All other preparations with the exception of 
Fig 14 were quick-frozen and dehydrated The coarse chromatin pattern and scant 
cytoplasm are well shown Fig zz (X5400) is a micrograph of an extremely im- 
mature lymphocyte The fine chromatin pattern and distinct nucleoli arc in sharp 
contrast to the cells in fig zi The immature lymphocyte of fig zz was taken from 
the spleen of a patient with lymphatic leukemia Fig Z3 (X5400) depicts a leu- 
kemic lymphocyte in amitosis, from a lymph node 

I 

Discussion 

Newer concepts concerning the finer structure of protoplasm are just beginning 
to find their application to the study of the white blood cells Dc Bruyn®° has re- 
cently interpreted the amoeboid movement of leukocytes in the light of Frey- 
Wysslings structural schemata for protoplasm The modern concepts^^'’^ of 
protoplasmic structure comprise molecular configuration of polypeptide chains 
with their associated intermolecular forces Between such molecular protein 
structures are water, salts, mobile protein, and lipid, as well as submicroscopic 
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particulates which scr\c in the mediation of special chemical processes The struc- 
tural units themselves include at least fibrous and nuclcoprotcins as well as lipids 
The intcrmolecular forces of structural proteins result in part in their being joined 
at certain points by chemical bonds Dc Bruyn'"’* envisions contraction of leukocytic 
protoplasm as being due to increased binding of such molecular structures at more 
and more jxnnts by chemical bonds, thus narrowing "the meshes of this three- 
dimensional reticulum,” or in keeping with Astbury’s"” findings, as due to actual 
folding of the polypeptide chains Solation, then, would involve the loosening 
of many, but not all, bonds with a resultant loosening of the structural mesh-work, 
whereas cytoplasmic gelation would mean the locking of more side chains with 
the structural proteins approaching the formation of a three-dimensional reticulum 

Wolpcrs’-^ micrograph (his fig 7) of the structure of the nonmotilc red blood 
corpuscle depicts a tightly knit framework suggesting that this may be composed 
of a mesh-work of long and narrow protein fibrils The fibrillar structures of 
platelet hyalomerc are not so closely bound as an examination of Wolpers and 
Ruska s-” micrographs of such structures reveals We would expect less definite 
orientation of the structural proteins of the more motile leukocytes and definite 
orientation in the depolarized derivatives Menkin^® has commented on the fact 
that macrophages arc much more resistant to deformation than polymorphonuclear 
leukocytes and cites as evidence the fact that rabbit macrophages resist stresses 
at water-oil interfaces which severely damage polymorphonuclear leukocytes 

The macrophage stage of the various hematogenous and histogcnous cellular 
sources of macrophages is likewise apparently marked by a tendency to sluggish 
pscudopodial activity Our micrographs (figs 4 to 11) of macrophages reveal a 
complex fibrillar mesh-work with definite structural orientation of both cytoplasm 
and nucleus These findings are at least in keeping with modern functional and 
structural concepts of protoplasm and are suggestive that some of the structural 
units of protoplasm can be oriented at times to form a framework of linear mole- 
cules when the situation requires such reorientation 

Summary 

Several technics were employed for the application of the electron microscope 
to the study of the blood cells First, lymphocytes, macrophages, and neutrophilic 
leukocytes of acute inflammatory lesions in man were prepared by imbedding 
formvar-covered screens in the corium of the forearm Exudative cells which mi- 
grated to the undersurfaces of the specimen screens were quick-frozen and de- 
hydrated in vacuo, according to a modified Altmann-Gersh technic In some cases 
formvar-covered glass cover slips were substituted for the screens in the lesions, in 
which case an extra step was needed to transfer the preparations to specimen 
screens 

In a further technic, blood cells of lymph nodes, spleen and bone marrow of man 
were imprinted upon glass slides covered with formvar These preparations were 
also frozen and dehydrated in vacuo The films were then transferred to screens by 
a direct method in which the cells were retained intact 

Neutrophil granules, seen only as irregular, indistinct granules with the optical 
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microscope, are actually round, oval, or rod-shaped structures measuring from 70 
by 85 millimicrons up to as much as 465 by 650 millimicrons 
Immature blood cell precursors were found to possess fine chromatin patterns 
with distinct chromatin-parachromatin distinction and well-demarcated nucleoli 
At the higher magnifications made possible by electron microscopy, a new level 
of cytostructural organization appeared in the mononuclear phagocytes or maao- 
phages Individual fibrillar structural units can be made out in both the nuclear 
and cytoplasmic protoplasm which can be measured in Angstrom units The 
nuclear protoplasmic interstices so formed are smaller than the corresponding cyto- 
plasmic areas The nuclear membrane is actually an anchoring structure for both 
nuclear and cytoplasmic fibrillar cross-pieces Phagocytosis is depicted and the 
wall of the phagocytic vacuole is described Finally, the observed cyto-structural 
features of the blood cells are discussed in the light of newer concepts of the finer 
structure of protoplasm 
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CASE REPORT 


APLASTIC ANEMIA 
Secondary to Gold Therapy 

By William J FitzPatrick, M D , and Steven O Schwartz, M D 

G old has become widely used as a therapeutic agent Its greatest accepted 
field of effectiveness is in the treatment of rheumatoid arthritis It has also 
been employed therapeutically for lupus erythematosis and, for many years, espe- 
cially in France, for all types of tuberculosis Toxic effects are frequent in large sc- 
ries of gold treated cases Hartfall et al ^ reported 41 9 per cent incidence of toxic 
reactions in the treatment of 900 cases Of these reactions 6 per cent were severe, 
with 7 deaths 3 from hemorrhagic purpura, 1 from agranulocytosis, z from liver 
necrosis, and i from exfoliative dermatitis There were adverse hematologic reac- 
tions in 10 cases in all In 194Z Cecil et al ’ reported on Z45 cases treated with gold 
Of these, 105 had toxic manifestations (4z per cent) 4 cases were hematologic, and 
included 3 hemorrhagic purpuras and i agranulocytosis A recent report by Lockie 
et al “ mentions toxic reactions in zo per cent Whether these toxic manifestations 
are due directly to the drug or to individual sensitivity is as yet unknown Clinical 
evidence favors individual sensitivity, since there is often little correlation between 
the amount administered and the severity of adverse effects Experimental evidence 
also favors hypersensitivity,® since toxic symptoms, at least of the hematologic 
type, could not consistently be reproduced in animals Hematologic manifestations 
of toxicity, though relatively rare, are among the most serious Of these, throm- 
bocytopenia IS the most common with agranulocytosis next in frequency and 
aplastic anemia the rarest and most serious 

Dameshek® reviewed the literature in 1934, and found 6 cases of aplastic anemia 
due to gold therapy To these he added a case In 1939 Wintrobe et al collected 
6 more cases and added still another Four more cases have appeared in the litera- 
ture since that time Giraud® mentioned a case presenting 750,000 red blood cells, 
1,800 white blood cells and a granulopenia of 30 per cent following gold therapy 
Pergola^® reported the case of a 35 year old dancer who developed aplastic anemia 
following her second course of gold in which a total of i Gm of gold salt was 
given This case had the classic triad of anemia, granulopenia, and thrombopenia, 
and in addition a fatty marrow, 80 per cent of whose cells were lymphocytes She 
recovered after a period of 8 months Armas Cruz and co workers^ described ^ 
of aplastic anemia which occurred after a total of only 3 ampules of Salganol m- 

From the Hcmacolog} Laboratory and the Hektoen Institute for Medical Research of the Cook Countv 
Hospital, Chicago, Illinois 
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tramuscularl) and i injections of o 15 and o 50 gr of gold chloride intravenously 
Sternal marrow revealed marked fibrosis The patient was being treated for lupus 
crythcmatosis Aubert- in 1946 published the case report of a 36 year old female 
who received a total of L i Gm of “Salganol” and who, 5 months later, developed 
classic signs and symptoms of aplastic anemia 
Altogether 18 cases of aplastic anemia following gold therapy have been re- 
ported, with 4 recoveries We arc describing l more cases, both terminating fatally, 
bringing the total to xo The cases reported fulfill the diagnostic criteria of gold 
therapy followed by a syndrome of anemia, Icucopcnia, granulopenia, thrombocy- 
topenia and hypoplasia or aplasia of the marrow 

Case Reports 

Cast I was a 31 >car old white married female who presented herself on Jul) 13, 1946 because of bleed- 
ing from the gums, \agina and under the shin for 3 weehs 

At the age of 5 she had had uncomplicated measles and chichenpox At li she began to menstruate, 
the periods occurring c\cr}' it to i8 da)s and lasting i da}s Three )cars later she had a tonsillectomy 
which seemed to interrupt a series of moderately setere sore throats At the age of ao she had a tricho- 
monas taginitis and at this time noted that certain areas on her body, especiallj the arms, were losing 
their normal pigmentation This depigmentation was not accompanied by pain, pruritus or local irrita- 
tion She married at this time and for the next 4 )ears tried unsuccessfully to become pregnant At the age 
of 15 she began to complain of joint pains At first the shoulders were involved and after aching for sev- 
eral da)s the pain passed to the elbows, wrists, knees and small joints of the fingers These joints subse- 
quently became hot, tender, and swollen She visited various clinics seeking relief of her joint pains but 
rcceited little benefit At about this same time it was found that her uterus was slightly deviated to the 
left and the right fallopian tube was occluded the time she was 17 her joint pains had become more 
setere, and pain and soreness were present most of the time She now began to receite shots for her 
arthritis and after a jear seemed to feel much better At i8 and again at 31 she had exacerbations of her 
joint S)mptoms The shots for the arthritis were discontinued in January 1546 In the fall of 1945 she 
became aware of the fact that a spot on the top of her head, which had been present for about 8 years 
and had ne\er bothered her, began to appear inflamed Her physician prescribed an ointment which had 
little effect At the same time she noticed a purplish red rash on both checks and the bridge of the nose 
Hovrever this too had been present, more or less, for 4 years The rash never caused pain or itching, 
was always dry, and was darker in color at the time of the menstrual periods A dermatologist diagnosed 
the lesion as lupus She was advised to keep out of the sun and in November 1945 began to receive in- 
jections of gold 30 mg per injection every 5 days These were continued until July 1946, with progressive 
improvement in the rash 

At the time of her admission to the hospital she stated that she had begun to bleed about 14 days pre- 
Mously She had no pain but noted that she was weaker than normally and tired more easily The vaginal 
bleeding, present for 12. days, and at first consisting only of thin blood, now contained clots She had been 
given a shot to stop the vaginal bleeding without effect One week before admission she dc\ eloped a 
fever (which went as high as 102. 8°F ) and 2. days later her throat became sore She was given another 
shot to stop the bleeding and sulfa pills for the sore throat The sore throat improved but the vagi- 
nal bleeding continued, as did the bleeding from the gums Slight trauma caused the appearance of large 
black and blue spots on the skin The only other symptoms of significance were a weight loss of 5 
pounds in the preceding x weeks and headaches for the preceding 5 days 

On examination she was found to be pale but did not appear seriously ill There was a nicklc sized area 
of alopecia at the tertex of the skull The skin was both pigmented and dcpigmentcd in various places 
on both checks 0\ cr the bridge of the nose she had a so called butterfly distribution and was more red 
o\cr the nose than elsewhere The sclcrac were clear, the conjunctivac pale, and funduscopic examination 
rctcalcd no hemorrhages or abnormal findings There was a hemorrhagic area on the right buccal mucosa 
The gums were soft, friable, and bled upon slight pressure There were palpable nontender cervical, and 
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tender submental l>mph nodes The blood pressure was 118/60 The apex of the heart was 8 cm from 
the mid-sternum in the fifth interspace, and a systolic murmur was heard at the apex and base There were 
no palpable organs or masses in the abdomen but there was slight tenderness on deep and superficial pal 
pation in the epigastrium and right lower quadrant Many bluish ccchymotic areas were seen on all 
extremities Many of the small pints of the hands were collared with small hard nodules which seemed to 
be outgrowths from underlying bone There were depigmented areas on both arms and legs The reflexes 
were normal Vaginal examination disclosed tenderness in the right cul-de-sac and retroversion of the 
uterus 

On July X4, 1946 the red cell count was i 73 million, the hemoglobin lo per cent (3 i Gm ), and the 
white cell count w as 1 ,750 There were i polys, 95 lymphs, i monocj te, z eosinophils Toxicity was 1 plus 
and poikiloc)'tosis 3 plus The reticuloc) tc count was o 1 per cent and the platelet count was zero Bleed 
ing time was in excess of lo minutes while coagulation time was 3 minutes Total plasma protein was 6 3 
grams per 100 cc , carbon dioxide combining jiow'cr was volumes per cent, chlorides 630 mg of NaCl 
per loo cc , and Kahn test was negative The electrocardiogram showed a sinus tachycardia of no with 
an abnormal, though nondiagnostic, configuration The urine was alkaline in reaction with a specific gray 
ity of 1 Qzo, z plus albumin, 3 plus occult blood, and no sugar, acetone or bile The marrow obtained from 
the sternum was, for the most part, replaced by fibrous tissue Onlj an occasional normal marrow cell was 
present The cellular elements which constituted what remained of the marrow were lymphocytes and 
plasma cells The findings were typical of aplastic anemia with fibrosis of the marrow 

The day after admission she was started on 10,000 units of penicillin every 3 hours and the followmg 
day she was given 1,000 cc of whole blood The vaginal bleeding continued and she vomited small 
amounts of blood Ten per cent ‘ BAL was started in quantities of z cc every 4 hours on July i6 In 
spite of these measures the patient began to bleed profusely from the nose and bilateral nasal packs svtrc 
required to control the bleeding Eight cc of 10 per cent BAL w'asgnen that da> supplemented by 5tx) 
cc of blood The BAL and penicillin were continued, intravenous glucose, saline, and oxygen were 
given, and alcohol sponge baths and cold enemas were used, but in spite of these measures the temperature 
rose to 105 6‘’F z days later 

On July 30, 1946 the patient s condition appeared to be terminal She was dyspneic and extremely 
weak Pulse was weak and heart sounds resembled embryocardia She expired the same day Permission 
for postmortem examination was denied 

Case X was a 59 year old white married female who, on her first admission to the hospital on May z, 
1944, complained of nose bleeds for 4 weeks and the appearance of black and blue spots for z weeks 
Her history dated back to 19x8 when, at the age of 43, she first began to notice pain and swelling in the 
joints of the index finger of the right hand In i93x she had a tonsillectomy followmg which the anbritis 
spread to all the fingers of the right hand and to the toes of the right foot In 1936 her teeth were removed, 
but sail no relief was obtained from her joint symptoms By this time the small joints of the left hand 
were also involved She conanued to have pain intcrspiaccd with occasional spontaneous remissions and 
exacerbations unul April 1944 At that time she again presented herself for treatment to her phjsiuan 
She was given liver, iron, concentrated yellow bone marrow, a bland diet, local heat and injections of 
gold The exact dose of the gold is not known but she was given about 8 injections m all 

Her past history revealed no serious illnesses or operations She had 5 pregnancies of which only 1 
were carried to term As a child she had chickcnpox, measles and mumps Menopause occurred at 41 
Menstrual flow was always copious She could not cat fish, strawberries, cherries or ice cream as these 
foods caused hives Her mother and father died of pneumonia, otherwise the family history was non- 
contributory She had taken cathartics and Anacin for many years 

The present illness began about 4 weeks before admission to the hospital with the sudden onset of 
a severe nose bleed, provoked by a rapid change of position from lying to standmg Bleeding continued 
for several hours and the blood came in gushes One week later she had a recurrence of bleeding In 
both instances the bleeding was pnnapally fi-om the right nostril About this time she also began to 
have some dyspnea on exertion and a pounding sensation in her head and cars whenever she changed 
position rapidly or became excited These symptoms progressed and i tveck before admission to the hos- 
pital she began to have ankle edema which accumulated during the day and disappeared at night Co- 
inadentallj with the onset of the nose bleeds, clusters of small reddish points, principally on her 
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chest, made their -ippeinnce These spots appeared suddenly and disappeared in about 3 days At times 
these spots became confluent About r ucehs later, larger purplish black and blue ' spots began to 
appear, cspcciall) on the upper arms These were not the results of trauma Several days later, pam in 
the right eje, shoulder, hip and thigh appeared The pain was described as a feeling of soreness, was 
intermittent in character and at times became severe enough to restrict motion In addition to the above 
complaints she noted a graduall) increasing fatigueabilit) 

On admission to the hospital on Maj i, 1944 she was found to be obese and pale A small ulcer was 
seen on the soft palate and another in the right tonsillar fossa The pharynx was injected The heart was 
not enlarged, rh) thm was regular, and a soft s) stolic murmur was heard at the apex No organs or masses 
were felt in the abdomen Multiple petechiae and ecch) moses were seen evety where on the skin 

Laboratory (\aminattoti R BC i 79 million, Hgb 30 pier cent, W D C 5,000 DifTerential 8 polys, 
3 eosinophils, 1 basophil, and 88 Ivmphocytes The nonprotein nitrogen was 41 mg per cent and the 
blood sugar w as 148 mg per cent The urine had a specific grav it> of i 014 and was negative for albumin 
and sugar The bleeding time was 8 minutes and the coagulation time 4 minutes, 40 seconds The platelet 
count b) the direct method was 190,000 Stools were negative for occult blood and the Kahn test was 
negauve 

A diagnosis of hjpoplasia of the marrow was made Sternal puncture revealed a moderately cellular 
marrow Megakaiy oc) tes were rare Er) throid development was normoblastic with evidence of great 
regenerative activit) Granulocyte development was moderately depressed, but adequate numbers of late 
granuloc) tes were present to justifv the expectation that the granulopenia was a transient phenomenon 
Many primitive cells were encountered The findings were interpreted as compatible with the clinical 
impression of hypoplasia of the marrow , in a regenerative phase 

She received several transfusions while in the hospital and following her discharge continued to re- 
ceive about one transfusion every month In spite of this she persisted in having an anemia, granulopenia 
and thrombopcnia She began to have rather frequent febrile reactions following transfusions of whole 
blood and, because of this, red cell transfusions were often given instead 

By the end of 1945, she had received about 18 transfusions, but her condition was essentially un- 
changed She was pale and weak and there were pigmented blotches on her zygoma and over the lips 
There were bon) deformities and partial ank) losis of the distal and interphalangeal joints of the hands 
Her R B C was 2. 30, Hgb 55 per cent, W B C 5,400 

On March 30, 1946 she was again admitted to the hospital for study, complaining of weakness and 
black and blue sprats By this time she had received 33 transfusions Physical examination was es- 
sentially negative except for obesity, pallor, pietechiae, and ccchymoses Laboratory examination re- 
vealed the following icterus index 6, cholesterol 1.30 mg per cent with 60 px:r cent esters, total pirotein 
6 Gm with an albumin of 3 7 Gm and globulin of 1 3 Gm The fasting blood sugar was 104 mg pier cent 
and the nonprotein nitrogen was 38 mg pier cent Urinalysis revealed nothing except a faint trace of 
albumin The stool cultures were negative and the basal metabolic rate was — 10 She received 7 blood 
transfusions and a blood count taken before the last transfusion revealed an R B C of 4 5, Hgb 81 pier 
cent, W B C 4,500 with a differential of 30 pier cent pralys and 61 per cent lymphs Sternal marrow was 
now quite cellular but with retarded liberation of mature nucleated red cells and paucity of megakaryo- 
cytes Following this admission she received a therapeutic trial with folic acid (1^ mg ) and thyroid 
C130 mg daily) 

On September 10, 1946 she was again hospitalized for transfusions, by this time having received 5z„ 
Her admission hemogram was R B C i 94, Hgb 38 per cent, W B C 1,500 with a differential of polys 
z-3 per cent, bands 6 per cent, lymphs 54 per cent, monocytes 17 per cent, platelets 30,000 

The piaticnt was last seen on January 17, 1947 Soon afterwards she became ill at home and died sud- 
denly No prastmortem examination was performed 


Discussion 

The treatment of toxic reactions secondary to heavy metal therapy had been 
largely symptomatic until World War II, in spite of the fact that much investiga- 
tive work was carried out in an attempt to discover effective antidotes for heavy 
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metal intoxication Following the introduction of BAL (British Anti-Lewisite, 
2 -j 3) — dimercaptopropanol) as an antidote for lewisite gas it became effectively 
used in the treatment of arsenical reactions occurring in the course of antiluetic 
therapy These results stimulated the investigation of its effectiveness in the treat- 
ment of poisoning with other heavy metals and the drug was subsequently found 
to be similarly effective in counteracting reactions due to mercury, zinc and copper 
Several publications have appeared of late reporting excellent results with BAL 
treatment of gold reactions Before administering BAL to man Ragan and Boots” 
gave gold and BAL injections to rats to determine if the newly formed compound 
of BAL plus gold was toxic They were prompted to do this by the report of Waters 
and Stock'- that the compound of cadmium and BAL was toxic Ragan and Boots 
were not able to demonstrate a similar toxicity Of their 5 cases of dermatitis due 
to gold there was rapid recovery in 4 following the exhibition of BAL It is of in- 
terest to note that the urinary excretion of gold was increased following the ad- 
ministration of BAL in all 5 cases The damage in the fifth case was apparently 
irreversible Cohen et al “* also reported 5 cases of gold toxicity with dermatologic 
manifestations treated with BAL They felt that the results were good in all cases 
Lockie et al “ reported x cases of hematologic reactions due to gold, one a throm- 
bocytopenic purpura and one a granulocytopenia, in both of which BAL was suc- 
cessfully used 

There have been no previous cases of aplastic anemia due to gold reported in 
which BAL was used The failure of the drug to help in Case i above does not im- 
ply a condemnation Aplastic anemia in itself has an extremely high mortality 
Besides this over days had elapsed since the last gold injection had been given 
and the patient was hardly alive long enough to test the drug’s efficacy BAL 
should certainly be given an adequate therapeutic trial when another case of aplas- 
tic anemia due to gold presents itself 


Summary 

Two cases of aplastic anemia following gold therapy are presented, bringing the 
total number of reported cases to xo In one of the cases BAL was unsuccessfully 
used therapeutically 


REFERENCES 

’ Armas Cruz, R , Ducach, G , Go^enbcke, A , and Waiatstein, A Panmiclopusis secundaria a sales 
dc oro, Rev med dc Chile fS 1153, 1940 

^ Audert, a Panmyelopathy (panmyelophthisis), Acta, med Scandinav uj yn, 1946 

’ Cecie, R L , Kammerer, W H and dePhume, F J Gold salts in treatment of rheumatoid arthritis 
study of 245 cases Ann Int Med 16 811,1942. 

< Cohen, A , Goldman, J , and Dubbs, A The treatment of acute gold and arsenic poisoning J A 
M A ij; 749, 1947 

‘ Dambshek, W Aplastic anemia following treatment of lupus erythematosus with gold sodium thio 
sulphate, with review of literature of hematological reactions following gold therap) New England 
J Med 210 687, 1934 

* Giraod, G Effect of bone marrow administration in course of hj-poplastic anemia following treatment 
with gold Montpellier med 447 19, 1941 



WILLIAM J riTZPATRICK AND STEVEN O SCHWARTZ 


197 

■ Hartfall, S J , Garland, H G and Goldie, W Gold treatment of arthritis, review of 900 eases 
Lancet 2 838, 1937 

s Kaether, H Das Verhalten dcr Thromboev ten nach Injehtioncn \ on Solganal Bolcosum und Nco 
Solganal Klin Wchnschr 20 99, 1941 

* Lockie, L M , Norcross, D M , and George, C W Treatment of tno reactions due to gold J A 
M A X;,i 754, 1947 

Pergola, A Sc\ ere agranulocytic aleukia hemorrhagica following treatment with gold Sang 37, 

Ragan, C , AND Boots, R H The treatment of gold dermatitidcs,J A M A 75Z, 1947 
Waters, L L and Stocl, C DAL (British Anti-Lewisite) Science 102 601 , 1945 
WiNTRODB, M M , Stowell, A S AND Roll, R M Report of case of aplastic anemia following 
gold injections in which rccoserj occurred Am J M Sc xp7 698, 1939 



METHOD 



SPINOUS PROCESS PUNCTURE A SIMPLE CLINICAL APPROACH 
FOR obtaining BONE MARROW 


By J Philip Loge, M D 

ARINKIN^ in 1919 first described sternal puncture as a practical method for 
±\. cytologic study of hematopoietic activity and since then this simple pro- 
cedure has been gaming increasing importance as an aid to the clinician 
Other sites for obtaining bone marrow had previously been described Caronia’ 
in i^zz found the aspiration of marrow from the tibia in children to be practical 
Nordenson^ found it possible to obtain marrow by needle puncture from the head 
of the tibia and femur, the crest of the iJium, the manubrium or body of the ster- 
num, the ribs and the vertebrae In 2. adults with normal peripheral blood pictures 
he compared the differential cell counts of marrow from the sternum with that 
from the vertebrae, ribs, pelvic bone, and tibial epiphyses He found agreement in 
all but the latter, the tibial ephyseal marrow proving to be inactive Postmortem 
examinations of marrow obtained within five hours after death were carried out 
by Stasney and Higgins® in 14 normal persons following accidental death Differ- 
ential counts of sternal, vertebral and rib marrow cells agreed satisfactorily 
Recently mterest has been focused on the iliac crest as a site for marrow aspiration 
by the work of Rubinstein He studied the results of simultaneous sternal and iliac 
aspirations m over zoo normal and abnormal individuals, and believes that the 
procedure of iliac aspiration is simple, that the marrow obtained represents a 
cytologically active hematopoietic tissue He comments that m diseased states the 
iliac marrow has at times been much more informative than the sternal marrow 
It IS the purpose of this paper to describe another site for obtammg marrow by 
aspiration in adults, namely the lumbar vertebral spinous processes The technic 
of spinous process puncture is described, and myelograms of marrow collected 
simultaneously from the sternum and the spinous process are presented for com- 
parison 

It IS probable that Katsunuma in 1941 (Japan) first used the spinous process punc- 
ture as a practical hematologic procedure and it was later adopted by Nakao at the 
Tokyo Imperial University f In the latter’s hands it was preferred to the sternal 
approach for routine marrow aspirations 

From the Division of Hematology, Department of Medicine, Duke University School of Medicine, 
Durham, North Carolina 

* Iliac crest punctures were apparently first described by Van den Bcrghe of Belgium C^an den 
Berghe and Blitstcin Presse med , Aug 4, 1945, p 419) Editor 

f According to Van den Berghe and Blitstcin (Presse med , Aug 4, 1945, P 419). ^ ^ 

Heidenreich (Prensa Med Argent iz i8i8, 1936) first introduced spinous process puncture, later used 
more extensively bj dc Weerdt (Rev Beige Sc Med ii 197, 1939) Editor 
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Technic or Spinous Process Puncture 

The spinous process of the lumbar vertebrae to be used for marrow aspiration 
IS chosen We selected L3 or L4, depending on which presented the broadest 
spinous process If the patient sits up the spinous processes are easily outlined with 
the fingers In slender individuals the topographic details can be observed without 


B. 



Fio 1 Kuma-Schleicher Sternal Puncture Needle with an Adjustable Guard Which Allows 
Pressure to Be Appued Near the Needle Point 

even superficial palpation An attempt should be made to obtain as much convexity 
of the lumbar region as possible to make the spinous process more prominent 
The area over the selected site is prepared with a i-iooo solution of tincture of 
merthiolate and then infiltrated with a 2. per cent solution of procaine Then an 
attempt is made to infiltrate the periosteum over the spinous process 
A Klima-Schleicher sternal puncture needle (fig i) with the guard set at about 
cm IS pushed through the skin and fixed with a rotary motion in the spinous 
process, midway between the upper and lower border The needle, with firm pres- 
sure, IS advanced at a 90° angle into the skin until it is firmly fixed to the bone 
(figs z and 3) The obturator is now removed and a dry tight syringe is used to 
^pirate the marrow The patient sometimes complains of an uncomfortable sensa- 
tion as the marrow is being withdrawn Occasionally at cm the needle is not 
firmly fixed, and it is then necessary to reset the guard for a greater depth This 



zoo 
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occurs commonly in patients with heavy musculature or obesity Rarely, though 
the needle is firmly fixed, aspiration fails to produce a marrow sample, the needle 
IS then advanced slowly a few millimeters at a time until marrow is obtained At 



1 

Fig z Kuma-Schlbichee Needle Fixed in the Spinous Pkccxes of the Thied Lumbar Vertebra 



Fig 3 Lumbar Vertebrae z, 3, and 4 With the Klima-Schlbicher Needle Fixed in the Spinous 

Process of L3 

no tunc in our experience was it necessary to go beyond a depth of centimeters 
Occasionally, some difficulty is encountered when attempting to fix the tip of 
the needle in the presenting crest of the spinous process This difficulty is mini- 
mized by (i) selecting the spinous process with the broadest surface, and (z) using 
the Klima-Schleicher needle which makes it possible to apply pressure and direc- 
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non near the needle point In the hands of the author spinous process puncture was 
not easily accomplished with the Osgood B-D needle or needles of a similar type 
where no guard is provided near the needle tip 
The marrow cavity of the spinous process is quite limited when compared to that 
of the sternum However, an adequate marrow specimen for cytologic study is 
readily available There is some variation in the amount of marrow obtainable, 
depending on several factors (i) the position of the needle point in the marrow 
cavity, (i) the size of the anatomic space, and of course (3) the cellularity of the 
marrow itself The quantity of marrow aspirated in the series presented here was 
o I - o 4 cc , and was easily available in each case 

Clinical Material and Methods 

Twenty-five patients were selected who were hospitalized for nonspecific upper 
respiratory infections Their ages ranged from 17 to 75, 80 per cent of the patients 
were between 17 and 19 

The spinous process puncture was performed first Immediately thereafter an 
equal quantity of marrow was obtained from the sternum opposite the second 
interspace with an Osgood B-D needle of the same gage Following each puncture, 
cover slip or slide smears were made directly and later stained with either a Wright- 
Gicmsa or Wilson stain Total nucleated cell counts were done using the unoxalated 
marrow obtained Marrow reticulocyte counts, using the brilliant cresyl blue 
method, were completed in 9 of the ^5 cases 
After both spinous and sternal marrow samples had been obtained, a blood 
sample was dravwi by puncturing the finger so that a white blood count, differ- 
ential cell count, Sahli hemoglobin, and reticulocyte count could be checked A 
reticulocyte count was made in 9 of the 15 patients studied 

Hemograms of both sternal and spinous marrow samples were performed (table 
i) and 500 nucleated cells were counted m each smear, following the criteria for 
cytologic identification outlined by Wintrobe ® 

Discussion 

Marrow samples were obtained, in equal quantity, from the spinous processes of 
L3 and L4 and from the sternum opposite the second interspace The hemograms, 
based on 500 nucleated cells, were analyzed and compared favorably It is true that 
attempts at accurate quantitative determinations of marrow cellularity have been 
disappointing, and the procedure of routinely obtaining total nucleated cell counts 
has been abandoned by some hematologists Total nucleated cell counts, never- 
theless, furnish an estimate of marrow cellularity 
Table i lists the essential hematologic data obtained in each case The differ- 
ential counts of the peripheral blood samples are not included 
It is important to note that in the two oldest patients, aged yz and 75, the cellu- 
larity of the spinous marrow was equal to that of the sternal sample and that the 
hemograms were almost identical This suggests that the marrow of the vertebral 
spinous processes remains an active hematopoietic center in the advanced age 
group, an observation, to our knowledge, not previously recorded 



Table i — Ten representattte paired hemoffams of simultaneous marrow samples from the sternum fjt ) and 
lumbar spinous process (jp ') of h} or L4 The peripheral blood data ts included 
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The marrow space available for aspiration in any lumbar spinous process is 
admittedly small Spinous processes Li, L3, and L4 were obtained from z autopsies 
and subjected to gross examination and some apparent variation was observed in 
the marrow volume of the vertebral spinous processes of Lx, L3 , and L4 in the same 
patient The variation was greater when the material obtained from the x autopsies 
was compared Figure 4 shows a median section of Lx from a 75 year old male Red 
marrow can be seen in the spinous process and body of the vertebra No detailed 
pathologic study was made of the autopsy material as the desired objective was to 
secure a gross estimate of the size of the available spinous process marrow cavity 
Often, from the technical standpoint, less difficulty was encountered than with 
the sternal approach The explanation seems to lie in three factors (i) some pa- 



Fig 4 Median Section of Vertebral Body and Spinous Process of Ll from a 75 Year Old 
Male Red Marrow Is Apparent in the Spinods Process and Bcdy of the Vertebra 

ticnts complained of less pain during the spinous process puncture, (x) the psycho- 
logic value of domg a procedure out of vision of the patient is important, and C3) 
the avoidance of the disturbing pressure over the less fixed sternum is helpful A 
conscientious attempt was made in each case to infiltrate the sternum and spinous 
process periosteum with procaine When questioned, 13 patients preferred the spin- 
ous approach, 7 the sternal, and 5 gave no choice 
The spinous process puncture is not offered as a method to supplant the sternal 
route but rather as another technically simple and hcmatologically reliable way 
for the clinician to obtain active marrow The procedure requires no special skill 
or equipment other than the use of the Klima-Schleicher needle or one of a similar 
type When multiple marrow samples are desired the site for puncture can be varied 
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It IS possible that some patients with a normal cytological sternal marrow pattern 
may show a pathologic marrow, when such material is obtained from the spinous 
process 


Conclusions 

I The puncture of a vertebral spinous process for the purpose of aspirating 
bone marrow, is technically a simple procedure 

1 Hemograms of marrow samples secured simultaneously from the sternum and 
spinous process of L3 or L4 in X5 patients corresponded Vvell 

3 The cellulanty of the spinous process marrow was found to vary insignifi- 
cantly from that of the sternal marrow 

4 Spinous process puncture provides the clinician with another approach for 
obtaining active marrow by aspiration, rivaling the sternal route in simplicity 
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ADOLFO FERRATA 


(1880-1946) 

I T IS now a little ovei a year since Adolfo Ferrata, the great Italian hema- 
tologist, died in Pavia where he was Professor of Clinical Medicine Ideas, 
methods of research, diagnosis and therapy have changed and progressed enor- 
mously from the days when Ferrata started his activity m the field of blood dis- 
eases However, his contributions to the knowledge of blood morphology and 
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his work as a writer of several textbooks of hematology deserve to be recalled now 
that he is no longer with us His reputation was international 
The first hematological work of Ferrata was done after a brief period of activity 
with J Morgenroth, under the direction of, and in collaboration with, A Pap- 
penheim, in Berlin (1910-11) The investigation of the blood cells at that time was 
strongly influenced by the work of Paul Ehrlich, who had introduced the first 
staining methods for blood Pappenheim and Ferrata, opposing the dominant opin- 
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ions held by Ehrlich, Pinkus, Lazarus, Nacgeli, Denys, Levaditi and with minor 
variations by Grawitz, Weidenreich and Loewit that the “great mononucleat" 
was the first morphological step in the evolution of the ' polynuclears, ’ were able 
to demonstrate that the 'mononuclear cells” of Ehrlich were an independent strain 
of white cells, and they introduced for these cells the denomination, thereafter 
universally accepted, of “monocytes” (1910) 

The study of the origin of the monocytes led Ferrata to confront the baffling 
problem of the genesis of white cells in general In a previous paper he had agreed 
with Pappcnheim on the genesis of the monocytes from the lymphocytes (1910) 
Soon after, however, Ferrata modified his views, and showed that a nongranulated 
immature cell, of lymphocytic appearance, may be found in the bone marrow and 
in the lymph nodes He believed that this cell was the common progenitor of the 
red cells, the white granulated cells of the marrow, the monocytes and the lympho- 
cytes For this stem cell he created the name “hemocytoblast, ” from then on used 
by the majority of the hematologists, although not always with the same signifi- 
cance His hemocytoblast in the marrow is morphologically indistingmshable 
from that in the lymph nodes, but it is different in its potentiality of maturation 
into respectively a medullary white cell, a red cell or a lymphocyte He was thus 
recognized as a neounitanan” among the theorists of hematology The hemocy- 
toblast of Ferrata (i9ii-i9i8) is the “free primitive blood cell” of Cunningham, 
Sabin, and Doan (1915) Although legitimate doubts may be raised as to whether 
or not hemocytoblasts, morphologically identical to those of the bone marrow 
(nongranulated myeloblasts), are to be found in the normal lymph nodes of the 
adult. It is a fact that a differentiation between the stem cells of the medullary ele- 
ments and those of the lymphocytes is not easy, as everyday experience in the leu- 
kemias with highly undifferentiated elements shows Nowadays clinical hematolo- 
gists have found an easy but not very scientific way out of these difficulties they 
call the immature nongranulated cells ‘ blasts ” 

The progress made in the knowledge of blood morphology and blood genetics 
could not fall to influence conceptions of blood pathology Panchromatic staming 
methods for blood cells had been proposed since the turn of this century (Jenner 
1899, Wright 1901, May-Grunwald 1902., Giemsa 1902.) and with the aid of this 
technic it had been almost universally recognized that the cells present in the pe- 
ripheral blood of leukemic patients were to a far greater extent immature rather than 
abnormal cells On the other hand Banti had maintained that leukemias are neo- 
plastic diseases, not fundamentally different from sarcomas and had defended his 
thesis with anatomopathological evidence in his Handbook of Pathological- 
Anatomy (1907) and in a report to the Italian Pathological Society (Pisa 1913) 
In the discussion which followed this report, Ferrata and Micheli, two young men 
at that time, rose to oppose the view of Banti, who recognized, at least in part, 
the validity of their evidence In the last years of his life Ferrata was no longer so 
sure of the essential character of leukemias as hyperplastic processes to be dif- 
ferentiated from true neoplastic diseases, and in recent years some of his pupils even 
advanced doubts about the systematic nature of the various leukemic lesions, un- 
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earthing ideas stubbornly defended by Banti in the past Multa renascentur qitae jam 
cectdcre, indeed' All this is good testimonial of the mental alertness, scientific hon- 
esty and intellectual elasticity of Ferrata 

The name of the Italian hematologist has remained bound to a special type of , 
cell which many authors, after Naegeli, have called the Ferrata cell According to 
Ferrata, these elements, which he first saw in leukemic blood (Ferrata and Franco 
1515, Ferrata 192.4), represent undifferentiated (multipotent) connective tissue 
cells Ferrata called them hemohistioblasts, implying that they were cells capable of 
an evolution into both connective tissue cells and blood cells Most hematologists 
share his opinion that connective tissue cells with a capacity for an evolution in 
both directions really exist They are the reticulum cells of the blood-forming or- 
gans and possibly of other more widely distributed cells (adventitial cells of the 
blood capillaries, etc ) 

The significance of the particular elements described in the peripheral blood by 
Ferrata under thenameof hemohistioblast has been strongly debated and their exist- 
ence as such even denied by some authors (Ringoen, Lambin) The writer showed 
that cells like those described by Ferrata in leukemic blood are also found in the 
bone marrow of normal human subjects and of mammalians in general (192.8) 
That they are not artifacts, 1 e damaged promyelocytes and myelocytes, as postu- 
lated by Ringoen and Lambin, is proved by their size (which in many cases is far 
larger than that of the promyelocytes or myelocytes), their nuclear structure and 
particularly by the fact that large elements with cytoplasmic pseudopodia, with 
two blown-up nuclei, with two or three nucleoli, may be seen also in bone marrow 
sections, often with specific granulations in the cellular body They represent a form 
of early differentiation of the reticulum cells into granulocytic elements 
This writer, however, has shown that their cellular characteristics are not those 
of the fixed, pluripotent cells of the connective tissue (reticulum cells), which are 
the hemohistioblasts inFerrata’s sense Both in the second edition of his book(i933) 
and through the work of one of his pupils (Villa 192.9), Ferrata accepted this point 
Thus It should be recognized that Ferrata not only created an appropriate name 
expressing a correct idea (hemohistioblast) but that he gave also the first descrip- 
tion of a hitherto undescribed type of evolution of the reticulum cell Similar stages 
of direct differentiation of the reticulum cells into megaloblasts have also been 
described by the School of Ferrata in pernicious anemia and acute erythremia (Di 
Guglielmo) 

The contributions of Ferrata are almost totally in the field of morphological 
hematology His influence in this direction on a large number of Italian and foreign 
hematologists, especially those of Spanish and La tin- Amen can origin, was very 
pronounced The origin of the blood cells and the relationships between the dif- 
ferent cell types were submitted to a minute investigation under experimental con- 
ditions, in both normal humans and pathological material by Ferrata and these 
workers Cases of blood disease were studied with an almost exclusive interest for 
the morphology of the blood cells in the peripheral blood, in the bone marrow, 
etc Although the achievements in this field were by no means slight, hematology 
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has a wider scope chan pure cytological investigation And yet Italian hematology 
has a tradition also of the physiologic approach to the study of blood diseases, 
from Bizzozzero, Marchiafava, Banti (whose long research on hemolysis is com- 
paratively unknown) down to Zoja, Michcli, Mino, Greppi, Lattes, to name only 
the better known men This extreme interest in the morphologic side of blood dis- 
orders was very evident in the work of hematologists of many nations at that time 
This may have been due to economic limitations which hinder more expensive 
methods of research It certainly had a reason in the past The evidence at hand, 
however, is to the effect that, although an exact knowledge of blood morphology is 
a necessary tool for any good hematologist, future progress in the understanding of 
blood diseases will come from the physiologic approach to these problems 

The activity of Ferrata as a writer of monographs and handbooks started very 
early with the 'Morphology of the Normal and Pathological Blood” (1311) 
This work was the forerunner of a more extensive handbook ‘Blood Diseases” 
(Le Emopatie, 1918-2.3) which, clearly written and magnificently illustrated with 
lithographic colored tables (by R Sarno), had a tremendous success among physi- 
cians familiar with the Italian language in Europe and in Latin America 
Undoubtedly this book exercised a very great influence in developing interest in 
hematology in Italy In the period between the two World Wars, Ferrata in con- 
junction with several Italian authors (Di Guglielmo, Villa, Introzzi, Greppi, 
Artom, and others) prepared a new edition in five volumes, which appeared be- 
tween 1933 and 1935 It IS to be regretted that this book is not more widely known 
Ferrata contributed a monograph on The Diseases of the Endocrine Glands’ for 
the Italian Handbook of Internal Medicine” (Milan 1931), and a “Manual of 
Blood Diseases, ’ compiled in collaboration with his pupil E Storti, has just ap- 
peared (Milan 1946) This manual is also liberally illustrated with beautiful plates 
Ferrata had a long career as a teacher In 192.Z he was named Professor of Medi- 
cal Pathology at the University of Messina Hewentto Siena in 19x3 and the follow- 
ing year he was called to Pavia as Professor of Clinical Medicine He created a 
School of Hematology and left behind a distinguished group of scientists, many of 
them now at the head of several university institutes 

Clear minded and warm hearted, Ferrata was a strong personality and exercised a 
powerful influence beyond the sphere of his immediate activity Both in his clinical 
lectures, as when speaking in medical meetings and congresses, his word was con- 
vincing and his intervention clarifying His powerful physical build, the warmth 
of his Lombard elocution (he was born in Brescia, a city midway between Milan 
and Venice), the evident fairness which characterized his approach to any con- 
troversy, all contributed to create an atmosphere of sympathetic agreement around 
him Although not entirely exempt from the nepotistic habits prevailing in the 
Italian academic world Ferrata showed himself ready to help young men coming 
from other schools in the realization of their academic aspirations 

M VoLTERRA, New York 
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Marrow Biopsy Technics 

D escription by Loge m this issue of the spmous process aspiration biopsy 
of the marrow brings to mind the great development m the use of the marrow 
puncture as a diagnostic aid in hematologic problems Although marrow biopsies 
had previously been occasionally performed, it remained for Seyfarth in 1913 to 
introduce the sternal approach The marrow cavity was entered by means of a small 
trephine and sections of the button of bone, together with curettings, made directly 
from the marrow cavity were obtained ALTinkin’s method of puncturing the ster- 
num by means of a stillettcd needle and aspirating a small amount of marrow ma- 
terial proved far more flexible and readily adapted to the clinic Numerous needles 
and methods of handling the aspirated material have been recommended, but it is 
likely that the simplest needle and the least handling give the best results, pro- 
viding that a small amount of material (no more than o 5 cc ) is aspirated The 
sternal puncture has in many respects revolutionized diagnostic hematology, so 
much so that in many clinics, a case is considered inadequately studied if the mar- 
row puncture has not been performed 

The marrow puncture finds its greatest diagnostic use in conditions of pancyto- 
penia, in splenomegalic disturbances, and in thrombocytopenia Pancytopenia is 
more often due to aleukemic leukosis, multiple myeloma, and lymphosarcomatosis 
than to hypoplasia and aplasia of the marrow The diagnosis of the leukocytic 
neoplastic diseases as they invade the marrow is usually readily made by marrow 
puncture, even when the blood picture is completely noncontributory This is 
particularly true of multiple myeloma In many conditions with splenomegaly, the 
marrow pimcture may be distinctly helpful, as for example, in Gaucher’s disease, 
lymphosarcoma, and the hyperplastic marrow as seen in hypersplenism, etc 
In thrombocytopenic purpura, marrow aspiration is almost obligatory, since 
in no other way can one be sure that the megakaryocytes are present in normal, in- 
creased, or decreased numbers To remove the spleen when the marrow megakaryo- 
cytes are greatly lacking or altogether absent is to invite disaster Splenectomy 
should be performed only when it seems reasonably certain that the disorder is 
idiopathic or hypersplenic and when the megakaryocytes are present at least in 
normal numbers 

Dry marrow taps are occasionally encountered This occurs not only with fibrotic 
marrows but occasionally in the extremely cellular marrows of certain cases of 
aleukemic leukosis Under such conditions, it may become necessary to perform a 
trephine biopsy In our clinic such necessity occurs very infrequently, perhaps once 
in fifty punctures The trephine biopsy gives topographic relationships of marrow 
to bone, extent of fibrous tissue, etc , but from the standpoint of studying cellular 
histology, the direct sternal aspiration is unsurpassed Furthermore, good sections 
can be made from aspirated material by appropriate fixation 
The need for performing the relatively difficult trephine biopsy has dwindled 
even more as new avenues for approaching the marrow have been introduced 
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Puncture of the iliac crest was introduced a few years ago by Van den Berghe of 
Belgium and its use emphasized in this country by Rubinstein Spinous process 
punctures were apparently first described by A C and C L Heidenreich in an 
Argentinian article in 1936, and the Belgian De Weerdt testified as to the good 
results obtained by this method The Japanese had evidently been using the spinous 
process puncture for a number of years before our medical officers in the Pacific 
learned of it As stated by Loge this method has a number of advantages The 
patient lies on his abdomen wiihout any exact perception of what is going on, the 
needle does not go over his “heart,” and as a result, there is far less psychic trauma 
In addition, the spinous processes are so numerous that serial studies in such condi- 
tions as idiopathic thrombocytopenic purpura can readily be made The method 
may also be used in infants and very young children, in whom sternal puncture is 
often quite difficult The advantage of having at least three sites to puncture has 
already proved itself in a number of cases in our laboratory For example, it seemed 
reasonably certain that a recent patient with splenomegaly, pancytopenia, and a 
high sedimentation rate had lymphosarcomatosis Sternal and iliac crest punctures 
were both extremely hypocellular and unhelpful but the spinous process puncture 
showed almost a pure culture of lymphoblasts, thus not only making the diagnosis, 
but foregoing the need for performing a trephine biopsy Preliminary observations 
in our laboratory of some 30 comparative sternal, vertebral, and iliac crest punc- 
tures indicate that the results are very similar from one site to another and that if 
there is failure by one method success may be obtained with another 

William Dameshek, M D 
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ERYTHROCYTES AND ERYTHROCYTIC DISEASE 

Observations on THE Normal Adult Human Erythrocste P Ralph From Department of Anat- 
omy, Ohio State University, Columbus, Ohio Anat Rcc pS 489-506, 1947 

The human red blood corpuscle was studied with bright- and darkficld microscopy in the untreated 
and treated condition There is considerable evidence to indicate that there is a plasma membrane, 
which remains intact even after hemolysis occurs This membrane contains certain acetone and alcohol 
extractable lipids which, according to the author, are demonstrable with Sudan black after saturation 
of the unsaturated bonds Ralph has confirmed a previous observation (Cowdry, N H Biol Bull 79 
196, 1917) that mitochondria may be present in immature erythrocytes which he has unfortunately rc- 
fened to as piimuivc crythtoc) tes After cells had been exposed to neutral red for 15-30 minutes, some 
of them developed refiractivc globules which were designated as the ' A granule The abilitv of the 
red blood corpuscle to segregate basic dves in newly formed vacuoles was first studied by Israel and Pap- 
penheim (Virchows Arch 14} 419, 1896) and has been investigated recently by Dustin (Bull Acad 
Bclg Cl Sci 28 L30, 1941} These, along with reticulation, mitochondria and the vacuole, are signs of 
immaturity 

O P J 

Prolytic Ion Exchanges Produced in Human Red Cells by Methanol, Ethanol, Guiacol, and Re- 
EORaNOL E Ponder From The Nassau Hospital, Mmcola, Long Island, N Y J Gen Physiol jo 
479-491, 1947 

Before red blood corpuscles arc hcmolyzed thcic is a loss of potassium with a replacement by sodium 
derived from the media in which the cells arc suspended When red blood corpuscles were suspended in 
certam alcoholic solutions it was possible to study large losses of potassium, since the amount of lysis 
was unusually small As much as 50 per cent of the potassium may be lost from a cell without greatly 
affecting the disk-sphere transformation and resistance to osmotic hemolysis 

O P J 

Osmotic Provertibs ot the Erythrocyte XII Ionic and Osmotic Equiubra with a Complex Exter- 
nal Solution M H Jacobs and D R Stewart From Department of Physiology, University of 
Pennsylvania, Philadelphia, and Marine Biological Laboratory, Woods Hole, Mass J Cell & 
Comp Physiol 40 79-103, 1947 

The problem analyzed and discussed in this paper concerns what happens to the internal composition, 
the pH, the ionization of hemoglobin, and water content of erythrocytes, if they arc placed m a medium 
containmg known quantities of penetrating and nonpcnctrating anions, cations, ncutrol molecules and 
ionized and noniomzcd proteins 

O P J 

Modification de la Resistance Osmotique des H^maties par Quelques Corps ^levant la Resistance 
DBS Capillaires J L Parrot and 2 A Gabe Compt rend Soc de biol 141 363,1947 
The authors study the action of several substances acsculosidc, rutoside, d-epicatcchine (which arc 
supposed to possess vitamin P activity) on guinea pigs red cells twice washed with saline They use a 


ill 
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colorimccnc method of measuring the hemolysis and express the results in percentage of the total hemoly 
SIS Rutosidc has a very poor solubility in water and it is impossible to obtain a concentration higher 
than I 3 per cent Aesculoside and d-epicatechine are very soluble and higher concentrations were 
studied These three substances appear to increase the globular resistance to hypotonic solutions This 
action IS not stronger with large concentrations than with the very dilute solutions first tested (less than 
I 3 per cent for therutoside) Among the three, the d-cpicatechine seems to be the more active as small 
doses as 15 per cent definitely increase the globular resistance Although the authors do not discuss the 
specificity of this in vitro antihemolytic activity (physical interferences, or pH), these experiments seem 
worthwhile reporting, any new method of testing the activ ity of the so-called vitamin P (here, by modih 
cations of the cellular permeability of the red cell) is welcome, since the usual tests for capillaiy permea- 
bility (or resistance) are far from being satisfactory 

J P s 

Normal and Abnormal Dlood-Counts on the Witw atersrand G W H Scheptrs From University 
of the Witw'atersrand, Johannesburg, South Africa J Path &. Bact 15^108,1547 
The three major factors which may contribute to modifying hematologic values on the Witwatcrsrand 
are the 6000 foot elevation, the unclouded skies and the general occupation of deep level mining The 
results were obtained by examining blood from 100 males and 50 females who were robust and healthy 
adults, usually between the ages of ao and 40 years Medical students were considered unsatisfactory 
for such studies There was an erythrocy'tosis, increased amount of hemoglobin and a slightly elevated 
color index Erythrocytes were slightly smaller in diameter and surface area than those from Europeans 
living at sea level Leukocyte level was unaltered Three hundred cases of macrocytic anemia were 
analyzed statistically In view of the high normal counts, a large number of patients would be 
unrelieved of their symptoms if they were not treated before they had fewer than 4 o mill ion erythroqtes 

0 P J 


Macrocytic Hyperchromic Anaemia on the Witwatersrand G W H Schefers Johannesburg, 
South Africa South African Med J 21 568-375 and 605-611, 1547 

This study deals with the non-mining population, mostly members of Reef Benefit Society Panels, 
residing on the Witwatersrand in the vicinity of Johannesburg at an elevation of approximately 6,ocofcct 
From a potential reservoir of 50,000 individuals, 300 persons (o 6 per cent) were found to have abnormali 
ties of the erythrocyte in the direction of macrocytosis and hy'perchromatosis In this area, 6 o milhcn 

cells per cu mm and 2.0 o grams of hemoglobin per loocc of blood are considered average normal values 

The mean values for the cases included in the author s senes were as follows erythrocyte count 4 04 mil 
lion, hemoglobin 18 o grams, color index i 57, erythrocyte diameter 7 8 microns, and erythrocyte surface 
area 102. square microns The range of the red cell counts in this group was from i o to 7 o millions 
Considerable emphasis is placed upon the hemoglobin surface concentration index which is a measure of 
the breathing surface of the blood and is calculated by^ the formula 


HSCI 


color index 

mean erythrocyte surface area 


X too 


In the group of cases under consideration, the mean HSCI was i 06 compared with the normal mean 
of I 57, and this is taken as a measure of the lack of physiologic efficiency of the macrocytes Anisocy tosis 
was regularly present and often marked, while poikilocytosis was less commonly noted (in contrast 
to pernicious anemia) 

Although response to parcnteial liver therapy was very good, no conclusions could be drawn as to 
pathogenesis or epidemiologic factors The {xjssiblc roles of constitutional defects, endocrinopathies 
and urinary infections are discussed It is suggested that if certain constitutional types fail to achieve 
adequate adaptation to high altitudes, hypofunction of hemopoietic tissues may be one result 

LEY 


Famlial Hypoplastic Anemia of Childhood Report of Eight Cases in Two Families with Bene 
F iOAL Efpect of Splenectomy IN One Case S Estren and W Dameshek From the Blood Labora 
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tory of the J H Pratt Diagnostic Hospital and Boston Dispensary, the Boston Floating Hospital, and 
Tufts College Medical School, Boston, Mass Am J Dis Child 73 671-687,1947 
This report is concerned with the first recorded instances in which hypoplasia of the marrow has been 
noted as the sole familial trait It is pointed out that the closest similar cases in the literature arc those 
of Fanconi, in which hypoplasia of the marrow was one of a number of congenital and familial abnor- 
malities 

Three of 7 siblings in one family and 5 of 14 in another family had apparently identical disorders char- 
actcri/wd by peripheral pancjaopcnia, pallor, weakness, and bleeding tendency In the 7. cases in which 
the marrow was examined, thcic was quantitative hypoplasia of all elements, but the proportions of 
crythtoid cells were somewhat higher than normal In one of the cases splenectomy resulted in cessation 
of the hemorrhagic tendency together with some increase in red cells and leukocytes and a more marked 
increase in platelets The spleen was not enlarged and showed no abnormalities 

It IS the opinion of the authors that in cases of complete or almost complete aplasia of the marrow, and 
in cases in which a reduction of platelets is accompanied by a reduction of mcgakaryoc) tes in the marrom, 
splenectomy will probably be of little value When magakaryocytes are present to some degree in the 
marrow, however, and particularly when lack of platelet production in the megakaryocytes can 
be demonstrated, and when, in addition, erythroid elements show some evidence of regenerative activity, 
splenectomy is deemed worthy of consideration It is suggested that extirpation of a normal spleen 
under such circumstances removes the regulatory (inhibitory, ^humoral) effect on red cells, granulocytes 
and platelets in the marrow 

The concise review presented of hypoplastic anemias of infancy and childhood is of particular interest 
because of the confusion created by some of the earlier reports on this subject 

LEY 

A Case or Idiopathic Methaemoglobinakmia Treated by Ascorbic Aod and Methylene Blue E J 
^ White, and M Gilchrist From British Postgraduate Medical School, London J Path & 
Bact yp 181-188, 1947 

Idiopathic methemoglobinemia was studied in a girl aged 15 years who had had a dusky cyanotic hue 
of the face, hands, lips, cars and fingernails for as long as she could remember Total hemoglobin was 
17 o Gm per 100 ml Oxygen carrying hemoglobin was 10 8 Gm per 100 ml The 36 per cent differ- 
ence consisted of 6 a Gra of mcthcmoglobin Plasma ascorbic acid concentration was low The optimum 
amount of ascorbic acid was between 100 and 300 mg per day Under such therapy the oxygen capacity 
of the blood rose and cyanosis lessened in three days and the latter disappeared within a week Similar 
results were obtained with methylene blue When treatment was discontmucd there was a gradual return 
to the previous status In vitro studies indicate a probable defect in the erythrocyte enzyme system 

O P J 

Blood Changes in the Aged 0 Olbrich From the Biochemical Laboratory, Royal Infirmary, Edin- 
burgh, and Queensberry House Hospital, Edinburgh Edinburgh M J yy 306-311,1947 
Properly controlled blood studies were made on men and women fi'om 60 to 100 vears old Red cell, 
hematocrit, mean corpuscular volume, color index and white counts showed completely normal values, 
with the usual sex difference These data, in agreement with other reports, mdicate the pathologic im- 
portance of any degree of anemia in old age 

C A F 


BLOOD GROUPS, THE Rh FACTOR AND 
BLOOD TRANSFUSIONS 

Kernicterus a Follow-Up Study of Thirty -Five Erythroblastotic Infants K Stiller From the 
Children s Hospital, Washington, D C Am J Dis Child 73 651-66^, 1947 

The author points out that with the advent of more detailed knowledge of the pathogenesis and treat 
ment of erythroblastosis fetalis, interest is being focused on possible untoward effects of therapj that maj 
result in a live but helpless infant with kernicterus Wiener s hypothesis regarding the 'pathogenesis 
of kernicterus is cited According to this concept, agglutmated red cells plug the capillaries of the brain. 
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causing anoxemia Ganglion cells, being most easily injured by lack of oxygen, die and arc then stained 
by bilirubin 

Follow-up records of 35 eases of erythroblastosis were resicwcd All patients included in the senes 
had had neonatal jaundice or anemia and were Rh positive children born of Rh negative mothers In the 
6 fatal cases no correlation could be shown between seserit) and extent of clinical manifestations of nen 
rologic involvement and the findings on pathologic examination, only x of the 6 showed kemictaus 
Of the 19 living children, 4 showed neurologic signs attributed to kcrnicterus, but in only x of these pa- 
tients was insohcmcnt of the central nervous sjstem noted during the neonatal period These figures are 
compared with those reported bj other obsersers 

LEY 

Recherche sur ea Calse de 1 Ictere Grave Familial des Muletons Ses Rapports Avec la Maladie 
Hemolitiqoe DU Nouveau-ne J Carolt tt M Btsstj Centre National de la Transfusion Sanguine 
ct de Rccherches Hematologiques, Paris Rc\ Hcmat 2 X07-XX8, 1947 

There is in the Poitou district of France, a disease, well studied bj Sausseau, which affects 8 per cent 
of new-born mules It is an acute hemol) tic juandicc with hemoglobinuria appearing within a few houn 
after birth and usually terminating in death Following the time a mare gaac birth to a juandiced mule, 
all Its offspring w ill die of icterus gravis But if this mare is covered by a stallion, the colt will always be 
healthy These features, so similar to the hcmoly tic disease of the human new-born, caught the attention 
cf Caroli and Bessis, and these authors sought for a heteroimmunisation of the mare covered by an ass 
The hematologic examination of the new-born mule with hemoly tic juandicc, shows a striking auto- 
agglutination of the red cells, spindle-shaped red cells, microspherocytosis The anatomic findings are the 
same as those found in rats treated by hemolytic serum Dilatation of the hepatic sinus, generalized pig- 
mentar infiltration, but no hydrops foctalis and no kernicterus, as often seen in the human new-born dis- 
ease The serologic study shows a very high titer of antibodies against the ass and mule red cells in the 
scrums of the diseased marc, while the other marcs have only a few or no antibodies The antibodies often 
arc incomplete (blocking antibodies) Intravenous injections of an ass blood to the marc increases the 
tttcr of the antibodies much more in the immunized marcs than in the others 

The authors compare this mule disease to experimental hcmoly tic jaundice, and to the human hemo- 
lytic disease the mule disease is very close to the experimental disease of the rat and differs from the hu- 
man disease only by the lack of cytotoxic lesions (cirrhosis, nervous lesions) The parasitic etiology, first 
considered, is eliminated by these immunologic findings concerning the prophylaxis and thcrajxutics of 
the Poitou mule disease, which findings may prove of considerable importance to cattle breeders The 
study of this animal disease can also lead to a better understanding of the human hemolytic disease of the 
new-born 

s 

The Rh Factor W S Stanbury From the Canadian Red Cross Blood Transfusion Service, Toronto, 
Ontario Canad M A J /y 363-370, 1947 

The author presents a well-organized summary of the present status of the Rh-Hr system with particu- 
lar reference to inheritance and isoimmunization Readers who are relatively unacquainted with the 
voluminous and confusing literature in this field will find this review helpful Some authorities would dis- 
agree with the rather firm recommendation that early mduction of labor be considered when the mother s 
serum contains a high titer of blocking antibodies 

LEY 

TrANSFUSi6v SoNGuInEA Y TlEXtPO DE CoAGULAofiN (BlOOD TrANSFUSION AND CoADUX-ATION TiMe) 

Alberto S Benchtmol La Prensa Mddica Argentina 34 3 154, 1947 

The author reviews the literature favonng direct blood transfusion against the citrated method Reac- 
tions and shock arc rare with the former method He used the metallic apparatus devised by Luis de 
Marval and the cannula of E F cchietto 

In xo cases studied, using both the direct and the citrate methods, there were no reactions with the 
former, and four post-transfusion reactions with the latter Blood clotting tunc was definitely 
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d'minishcd in all cases where the direct method was used, and in only 4 of 10 eases tvhcrc the citrate 
method was used 

The direct method is, according to the author, the method of choice, whenever blood coagulation 
time should be shortened preoperatively It is indicated especially in neurosurgery, m hemophilia, 
anemias, and hepatic insufficienc) 

The transfusion should be made twcnt}-four hours before operation 

RMS 

Loss OF Virulence of Treponesia Pallidum during Processing of Dried Blood Serum T F Probey 

From the Biologies Control Laboratory, National Institute of Health, Bethesda, Maryland Pub 

Health Rep 61 iijj-iLoi, 1947 

A saline suspension of treponcmes of the Nichols strain was prepared from rabbit testicles and mixed 
with normal horse serum A portion of the mixture was then used for immediate inoculation into con- 
trol rabbits and the remainder frozen under vacuum in a bath of carbon dioxide and cellusolve for thirty 
minutes Drying of the frozen material was then continued under vacuum for twenty hours with the 
ampules exposed to room temperature, a procedure which had prenously been shown to reduce moisture 
content to less than i per cent One group of rabbits was inoculated with restored dried material soon 
after completion of the drving cyxle, and a second group was inoculated two days later Dark-field 
exammation of the resu'-pended material showed some aty pical forms of what appeared to be nonmotile 
treponcmes 

All 3 of the control rabbits developed syphilitic lesions within fertv-two days, while none of the 6 
rabbits inoculated with processed material developed evidence of sy'philis durmg the observation period 
of one hundred and fortv days Three successive subtiansfers observed for thirteen, se\en, and 9 months 
respectively also remained negative 

These observations confirm the results of Turner, Bauer, and Kluth, and offer somewhat more con- 
clusive evidence that the danger of transmitting sy'philis is elimmated by proper freezing and drying of 
plasma or serum The authoi points out that Turner has demonstrated that motilitv and virulence of T 
pallidum arc not altered appreciably' by freezing at —j8‘’C and maintenance of this temperature for at 
least one year Turner has also showed that freezing at —10° or — io°C does not adversely affect 
treponcmes, but that maintenance at these temperatures for two months causes their death The prac- 
tical importance of these studies is obvious 

LEY 


HEMOGLOBINURIA 

The Influence of Injections of Homologous Hemoglobin on the Kidneys of Normal and Dehy- 
drated Animals / / Laltch From the Department of Pathology, University of Wisconsin Medical 
School, Madison, Wisconsin J Exper Med 86 155-158, 1947 

Hemoglobin solutions containing stroma were injected intraperitoneally in single doses into 37 rats 
(5 to 7 Gm /Kg ) and 16 guinea pigs (^i to 3 5 Gm /Kg ) which had been fed and offered water up to the 
time of injection Microscopic examination of the kidneys follow mg this procedure revealed an oc- 
casional cast in only z rats Sections from the remaining 35 rats and from the guinea pigs showed no 
casts or tubular changes 

Water was withheld from 16 rabbits for periods of one to five davs after vv hich stroma-free hemoglobin 
solutions were injected intravenously at one time or in divided doses on successive days toward the end 
of the dehydration period Water was then withheld for a period of eighteen to Z4 hours after the last 
injection Thereafter varying amounts of water were given daily for one week The quantity cf 
hemoglobm injected varied from a single dose of i 3 Gm /Kg to i 8 Gm /Kg in eight div ided doses on 
two consecutive days In the j rabbits dying prior to the fourth day follow mg hemoglobin mjection, 
the kidney's were congested and a reddish yellow substance of homogeneous glasslike consistent was 
observed in the tubular lumina These collections were not considered to represent formed casts In 
iz of 13 rabbits examined from four to forty days after hemoglobin injection, characteristic pigmented 
casts and associated tubular dilatation were demonstrated Minimal necrosis of tubular epithelium in 
5 of 13 rabbits was thought to have followed, rather than preceded, the plugging of tubules by ca‘ts 
Lesions in other organs were of no particular significance 
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It IS emphasized that consistent reproduction of hemoglobinuric nephrosis has not been previously 
accomplished without preliminary direct trauma to the kidneys, and that there is need for studying the 
role of dehydration in other species, particularly man It should be pointed out that urinary pH was not 
controlled in this study, and that the hydrated control animals were rats and guinea pigs rather than 
rabbits 

LEY 


FOLIC ACID 

Foltc Aan Y S/MaRow, R B Angier,etal Ann N Y Acad Sc 4S 155-350,1546 
This monograph, comprising a scries of thirteen articles by various authors on ptcroylglutamic (folic) 
acid, covers in detail its chemistry, synthesis, pharmacology, physiology, and clinical applications 
Published in 1946, it brings together theoretic and clinical investigations available up to the middle of 
that year Much of the material has since been recorded in reviews and individual articles cl'cwhae, 
especially the description of the synthesis of pteroylglutamic acid and the observations on the patients 
in the clinic 

It IS of interest that the mode of action of folic acid and the absence of marked activity of conjugated 
forms, arc yet controversial Heinle and Welch (pp 343-346) note the failure of other components of the 
vitamin B complex, and of biotin, paraaminobcnzoic acid, choline, and inositol, to augment the effect 
of ptcroylglutamic acid The y'cast conjugate, they found, was not utilized by human beings, although 
moic recent findings suggest that, in sufficiently large doses, yeast-con jugate is cfTcctivc (Spies, Exptncrcis 
with Folic Acid, New York, Intcrsciencc Publishers 1947, p loi) Nor is conjugated folic acid the ex 
trinsic factor of hematopoiesis The exact role of folic acid is today , as a year ago, still obscure 
This IS a valuable and complete collection of observations on pteroylglutamic acid as of May 1946 

S E 

El efecto de los conjuoados de acido folico en el espru (The effect of folic acid conjloatls ik 
sprue) RamSn M SuJreZ Dol Asociaci6n M6dica de Puerto Rico yp 8 z8i 1947 
In a lecture given at Clfnica Pila in Ponce, Puerto Rico, the author gave the results obtained in 4 cases 
of sprue treated with conjugated forms of folic acid Fermentation folic acid in daily doses, equivalent 
to 3 I mg of folic acid administered intramuscularly, was used in x cases. Be conjugate in daily oral dees 
of 7 cc , equivalent to 8 4 mg of folic acid, in one case, and another case of sprue was treated w ith 1 G 
in daily oral doses of xo mg 

Both cases treated with fermentation folic acid showed, not only clinical and hematologic improve 
ment, but also an increased urinary output of free folic acid 

The case treated with Be conjugate showed a striking clinical and hematologic response, but only a 
slight urinary elimination of free folic acid, and the case treated with x G failed to show definite ini 
provement 

As already reported by Suarez, Welch ct al , the urinary output of free folic acid increased when con- 
centrated liver extract was added 

It is stated that the mechanism of action of free folic acid, and of its conjugated forms, is unknown, 
but that It is definitely established that folic acid is not the intrinsic factor of Castle It may be that folic 
acid is somehow related to the extrinsic factor, but until more is known about the biochemistry of the 
antianemic compounds, premature speculations should be avoided 

RMS 


Observations ON THE SPEanciTY OF the Folic Acid Molecule T D Spies, R E Stone, andR 0 Brarden 
burg From the Univ of Cincinnati Studies in Nutrition at the Hillman Hospital, Birmingham, Ala 
South M J ^0 618-19, 1947 

The administration of mcthyl-folic acid to one patient with sprue and one w ith pernicious anemia 
was followed by no changes in the peripheral blood, the bone marrow, or the clinical course of the 
patient Administration of ordinary folic acid, on the other hand, was followed by a prompt improve- 
ment 

The authors argue from this that the particular chemical configuration known as folic acid is highly 
specific in Its effect on cry thropoiesis It would have been of interest to have included sufficient details 
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concerning the patients to note whether they became woi‘sc9Sincc methylfohc acid has actions antagonis- 
tic to folic acid, i c , it is an anti folic acid material ' (Arch Biochcm 12 318, 1547 ) Alterations in 
the glutamic acid portion of the folic acid molecule do not qualitatively affect its activity, since the 
triglutamyl and heptaglutamyl compounds corresponding to pteroylglutamic acid arc both antianemic 
Methylfohc acid consists of an alteration in the ptcridinc portion of the molecule, and antagonizes the 
action of folic acid The significance of this chemical alteration, and the uses of antifolic acid compounds, 
arc yet to be determined 

S E 

Some Recent Experiences with Vitamins and Vitamin DEnciENOEs T D Sfus and K E Stone From 
the University of Cincinnati Studies in Nutrition, at the Hillman Hospital, Birmingham, Alabama 
South M J ^0 46-53, 1947 

During the course of studies on the antianemic activities of pteroylglutamic (folic) acid, a number 
of related compounds were tested for their possible similar action Pteroylglutamic acid itself, and 
ptcrojltriglutamic acid (the fermentation factor, also tvntten pteroyl-diglutamyl glutamic acid) were 
found to have similar actions m pernicious and related anemias Ptcroyl-hcptaglutamic acid (also called 
pteroyl-hcxaglutamyl-glutamic acid, the Bo conjugate material) was also found to give a good response, 
contradicting in this regard prcsious findings by Bcthcll (Univ Mich Hosp Bull 12 4Z, 1940) and 
Heinle (Proc Cent Soc Clin Res rp 17, 1946), who had found the heptaglutamic compound to have 
no effect According to Spies, this diffeience is probably a matter of dosage the body is able to release 
folic acid from the heptaglutamic compound only in small amounts, but if sufficiently large doses of the 
compound are given, a good antianemic effect is obtained 

In contrast, there was no antianemic effect from ptcroic acid, glutamic acid, or xanthopterin, all 
chemically related to folic acid 

S E 


Studies on the Pathologic Effects Produced bv Two Analogues op Ptridoxine C W Mushett, R 

B Stebbnu, and M N Barton From the Merck Institute for Therapeutic Research, Rahway, N J 

Tr N Y Acad Sc p 191-6, 1947 

Materials which arc chemically related but physiologically antagonistic to certain substances have 
recently become important as displacing agents or anti- substances (paraarainobenzoic acid for 
sulfanilamide, methylfohc acid for folic acid, antivitaroms) The present report deals with the changes 
produced in lymphoid and hematopoietic tissues by two antipyridoxinc substances, dcsoxypyridoxinc 
and methow pyndoxinc 

Interesting findings, produced alike b\ pvridoxme deficiency and by administration of antipyridoxinc 
compounds, included a reduction in the bulk of the spleen due to hvpoplasia of the lymphoid elements 
In some specie' of experimental animals, arrophv of the thymus and the lymph nodes was also present 
Concomitant with these abnormalities occurred the development of a microcytic hypochromic anemia, 
leukopenia, and lymphocytopenia and reduction in the erythroid and myeloid elements of the bone 
marrow 

An important finding in the adrenal glands consisted of a depletion in the hpoid content, with an 
enlargement of the adrenals The authors, therefore, speculate — since a relationship between adrenal 
cortex and hmphopoiesis has been suggested— whether the lymphoid atroph} might be the result of 
adrenal stimulation rather than the result of a direct action of the antipyndoxincs This question has 
not yet been answered 

Not all findings were present in all species of animals studied Variations in species response and doubt 
as to manner of action make it difficult to attempt to translate these results to human experience 

S E 


LEUCOCYTIC DISEASE 

The Use op BAL (i,3-Dimercaptopropanol) in the Treatment of Agranulocytosis Following In- 
tensive Arsenotiierapy tor Syphilis H L HoUej Dept of Medicine, Universitj of Alabama Medical 
School, Birmingham, Alabama Ann Int Med ^7 131-1.38, 1947 



ABSTRACTS 


Zl8 


Twelve C1SCS of Icukopcnn following arscmcil therapy arc reported In 7 there was complete absence 
of polymorphonuclear leucocytes in the peripheral blood and the remainder varied between 5 and 15 
per cent All patients were febrile and jo showed agranuloc} tic angina Treatment consisted of in)cctions 
of DAL in peanut oil 1 5 mg /kilo every four hours for the first tw'o days, then i-i times a day for six 
days Penicillin and sulfonamide drugs were not cmplo>cd Recoaer) occurred in all cases and proa ides 
further con\ incing evidence of the cfTcctncncss of DAL in counteracting toxic manifestations of arsenic 
and other hca\) metals 

CAP 

1 

Un nouveau CAS D ADENOLX MPHOIDITE AlOUB DENIGNE A DEDUT INGUINAL AVEC ULcIrATION G&nTALE 

CA NEW CASE or DENIGN ACUTE LI MPIIADEMTlS BEGINNING IN THE INGUINAL REGION WITH GENITAL 

ulceration ) R Danancht and P Lersh Sang iS 93,19^)7 

This IS the third ease published in France of infectious mononucleosis with a genital ulceration and 
inguinal adenopath) (the others published b} P Chca allicr and b) Chassagne < 5 L Forgcois) The patient, 
13 years old, noticed on the first of Ma) a slight genital erosion on the penis, the tenth of May an in 
guinal adenopath) appeated The patient was seen for the first time on the sixteenth of Mas Hcwasiitcd, 
with 38 S'C fever The genital ulceration had disappeared, but seseral lymph nodes formed in the left 
groin The twent) -eighth of May, the adenopathies were generalized, especially in the cervical area 
The volume of the spleen W'as increased On the second of June the fe\cr receded The hematologic exam 
ination (twenty-fourth of May) gave the following results leucoc) tes, 71^00, polynuclears, 35, l)mpho- 
cytes, 43, monoc)tcs, 13 On the thirtieth of May a Paul and Dunnell reaction was strongly positive 
scrum alone, 1 izz iii 110, scrum -f- guinea pig kidnc), 1 izi izi zio, scrum -f- beef red cells ooco 
000 000 On the twenty-second of June, the mononucleosis predominated in the blood, the Paul and 
Dunnell also was still slightly positive How should one interpret this genital ulceration? Since it was 
the first symptom and a transitory one it cannot be a trophic ulceration due to the h) pogranuloc) tosis 
Was It the point of entrance of the unknown virus of the disease? Another veneral contamination is 
possible, but there was no reason to suspect it and the wife of the patient remained healthy 

J P s 


Influence of Oestrone on the Lymphoid Tissues of Male Mice L Dmo’-bowskt and E S Homing From 

Laboratories of the Impierial Cancer Research Fund, Mill Hill, London J Path A Ba''t 307-3111 

1947 

The reported higher incidence of tumors in female mice led the present authors to investigate the 
association of oestrogenic stimulation and neoplasms in male castrate mice Two strains of male mice 
were used in 3 groups from each Group I was castrated and then painted with oestrone Group i vvas 
painted but not castrated Group 3 vvas the contiol group The incidence of lymphoid tissue changes m 
both test groups was much higher than in the control and higher in the castrate than non-castrate It 
has not been determined whether or not these lymphoid changes were of a truly malignant nature 

O P J 


LYMPHOMA AND BONE TUMORS 

Le traitement chirurgtcal de la Maladie de Hodgkin (Surgical treatment of Hodgkin s disease) 
Jean Bernard Paris Bull et mdm Soc mdd d H6p de Pans 4° sene, 63® annic, nos 13, 14. ct x) 
613-616, 1947 

Jean Bernard, author with P Chevallier of an excellent monograph on Hodgkin s disease, reports tht. 
results of surgical attempts to treat Hodgkin s disease 

In 6 children, a cervical lymph node w'hich was hypertrophic vvas rcmov'cd In these cases, there were 
no other adenopathies, and the mediastinum and the spleen were not involved There w'as no fever The 
diagnosis of Hodgkin s disease was made on histologic examination Tuberculin reactions were negative, 
and then were only slight modifications of the white cell counts (neutrophilia and slight eosinophiha) 
Two of the 6 children, arc still alive and in perfect health, 6 and 8 years after the operation In the 
other 4 cases the disease progressed as if no surgical attempt had been made After 3 to ix months new 
adenopathies appeared The surgical procedure was excision of the h)pcrtrophic lymph node, without 
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“cMdcmmrnt ganglionnairc At this initial period, the clinical diagnosis of Hodgkin s disease is only 
prcsumptiyc before histologic examination The unnecessary remoyal of an inflammator) l)mph node 
IS preferable to losing precious time aysaiting a more characteristic picture 

These obscryations ha\c a th.orctic interest Hodgkin s disease seems to hayc a short, localized, initial 
stage, cyxn if it is a system disease (as the foyyl-lcucosis has a first, medullary, localized stage) The 
practical interest is considerable Since the surgical rcmotal has no detrimental effects on the course of 
the disease, nyo successful results in six attempts bring hope in the treatment of this fatal disease 

J P s 

Tumors OF THE Skeletal Sy STEM Medical Aspects A B Gutman From the Department of Medicine, 
Columbia Unisersity^ College of Physicians and Surgeons and the Presbyterian Hospital, Ncyy York, 
N Y Bull Ncyy York Acad Med 511-518,1947 

The clinical hematologist y\ho is often called upon to assist in the differential diagnosis of bone tumors 
y\ ill find much of interest in this straightforward presentation The significance of abnormal blood ley els 
of calcium, inorganic phosphate, alkaline, phosphatase, acid phosphatase and scrum proteins is gi'cn in 
tabular form and briefly explained Recent advances in medical treatment of bone tumors arc cited as 
examples of current trends but are not discussed 

LEY 

Tumors or THE Skeletal System Pathological Aspects H L JajJc From the Hospital for Joint Dis- 
eases, New York, N Y Bull New York Acad Med aj 497-511,1947 

This concise presentation, like the aboic, merits attention from those interested in the blood and 
blood-forming organs The pathologic and some of the clinical features of the most important bone 
tumors are clearlv described The author recognizes tyyo general cy tologic groups of multiple myeloma, 
namely, the plasma cell myeloma or pla'macvtoma, and a group of more yaried c) tology dominated 
by cells larger than plasma cells The pathognomonic findings in the kidneys m this disease and the 
presence of am)loid in some cases are stressed With regard to rocntgenographic eyidence of multiple 
mvcloma, it is emphasized that yyhen films of the other bones do not shots the contentional picture, the 
caharium as a rule also fails to shoyv it 

LEY 


LYMPHOMATOUS DISEASE 

Maugnant Lymphoma The Value of Radical Surgery in Selected Cases C A Hellwig From the 
Department of Pathology , St Francis Hospital, Wichita, Kansas Sorg Gynce & Obst 950- 958, 

1947 

An analysis of the clinical and pathological features of 130 eases of malignant Ijmphoma is presented 
A dose correlation existed bettyeen the histology of the tumor and the life expectanc) of the patient 
Sixty-seven eases yverc subjected to radical surgery and 63 of these survived the operation Tysentj-onc 
of these patients received no other form of therapy and 11 of these sunned 5 years or longer, and 
shoyyed no evidence of disease at the time of the report 

Forty eases received adequate radiation therapy following radical removal of the tumor Eighteen of 
these patients suryned and 9 were without evidence of disease at the time of the report 

From reports such as this it is apparent that radical excision of localized accessible Ijmphomatous 
tumors should be attempted Hellwig stresses the fact that radiation therapy alone docs not produce cure 
of malignant lymphomatous disease and actually prolongs the life of its victims vet) little In contrast, 
radical excision of the tumor may occasionally result in complete cure, and frcqucntlj prolongs life 

J F R 

Aspiration Biopsy of Lymph Nodes A Critical Review of the Results of 300 AspiRATiotrs K E 
Mcatberingham and L F Ackerman From the Department of Patholog) , The EIIis Fischcl State Cancer 
Hospital, Columbia, Missouri Surg Gynce & Obst S4 1071-1076,1947 

Details of the technic of aspiration biopsy arc given and the simplicity of the procedure is emphasized 
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In no instance in the 300 aspirations did serious complications result and there were no eases in which 
fungation from the needle puncture occurred One hundred and nincty-sesen of the ^oo asnirations were 
successful in that either tumor or Ijmphoid tissue was secured Of these, 160 showed the presence of meu- 
static cancer One hundred and three cases represented technical failure to obtain sufficient tissue but sub- 
sequent clinical course proved onl) 34 of these to be in error in that the patients subsequently developed 
cancer 

The greatest value of this technic is in the diagnosis of metastatic cancer It is of much less value m the 
diagnosis of malignant lymphomatous disease since it usually is necessar) to have an enr/re lymph node 
for examination in order adequately to establish this diagnosis 

I F R 

Roentgen Therapy in Hodgkin s Disease T B Mmtcr and K IV Sttnstrom From rhe Uinversity of 

Minnesota Medical School, Minneapolis Radiolog) 4S 355-368, 1547 

The authors of this article review in some detail the entire subject of Hodgkin s disease from the potnis 
of Mcw of history, etiology, clinical diagnosis and di/Terential diagnosis, and pathological distr/biirion, 
and then summarize the modes of \-ra) therapy with regard to technic and results Their ow n experiences 
have led them to formulate a procedure of irradiation which is somewhat different from that of others 

There arc 3 principles in this technic Recurrences of Hodgkin s tissue are more radioresistant than 
the original areas, hence it is considered advisable togne a relatncly hcaaier dose at the start of therapy 
By the same token, the total amount of irradiation is given in as short a time as possible, not exceeding 
i weeks Furthermore, since the site of recurrence is unpredictable, prophylactic irradiation is not uti 
lized The authors technic, correspondingly , consists of intencne irradiation as soon as the diagnosis is 
made, a full course of treatment being gnen to each area insoKed, starting with the adenopathy which 
IS giving the worst symptoms Each course consists of between 1000 and looo tissue roentgens given in 
not over 14 days By this method, the authors have, in a senes of 185 cases, a 5-ycar survival rate of ii 
per cent, and a lo-ycar survival of 8 per cent 

This report discusses, in passing, local resection of Hodgkin s tissue with subsequent irradiation, and 
discards it in favor of heavy irradiation It also mentions ordinary sprav therapy, as well as prolonged 
spray therapy in small doses, only to prefer heavier intensive irradiation There is nodiscussion of therapy 
with the nitrogen mustards 

S E 


BLOOD COAGULATION, ANTICOAGULANTS AND 
HEMORRHAGIC DISEASES 

A Photometric Analysis of the Reactions of Blood Coagulation / Lein Department of Zoology, 
Syracuse University, Syracuse, N Y J Cell & Comp Physiol }o 43-77, 1947 
When fibrin is formed during coagulation there is a progressive increase in turbidity Photometric 
methods were devised to measure the light scatter and optical density during this process Nonrlottable 
proteins influenced the optical properties of this system and were believed to enter into the fibrin strut 
turc by being trapped in the process of fibnn formation Evidence was presented to indicate that the 
clotting of fibrinogen by thrombin occurs in two stages First the thrombin activates some of the fibnno 
gen, then these activated molecules react with nonactivatcd fibrinogen in a progressive polyracnzation 
reaction 

O P J 

The Use of Dicumarol as an Anticoaoui^nt Experience in ^,}oy Cases E V Alien, E A Hints, 
Jr ,W F Kvale and N IV Barker From the Division of Medicine, Mayo Clinic, Rochester, Minne 
sota Ann Int Med ay 371-381, 1947 

Experience over a six year period with dicumarol is reported Complications due to the use of the 
drug were limited to a 3 4 per cent incidence of hemorrhage which was considered serious in i 8 per cent 
and included 2. cases of fatal bleeding In a group of 819 patients with cither pulmonary emboli or periph- 
eral \cnous thrombosis there was a z per cent incidence of a further vascular complication while under 
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therapy The one fatal pulmonary embolus occurred after the patient s prothrombin had returned to 
normal These data show a marked reduction in expected mortality when compared with its incidence 
without anticoagulant therapy This report further justifies the spirit of general enthusiasm over the 
use of anticoagulants in thrombo-embolic disease 

CAP 

Jorpts The 

therapeutic 
on Hepann 

CAP 

Concentrated Aqueous Heparin A New Porm of Intramuscular Administration D Stats and H 
NeuhoJ Mt Sinai Hospital, New York Am J M Sc 214 i59-i6l, 1947 

Concentrated aqueous heparin was used containing 100 mg /cc and injected intramuscularly at 8 to 
II hour intervals in doses of 50 to 180 mg Maximum effect was attained 4 to 6 hours after injection 
In z per cent of injections local reactions were observed consisting of a small nodule or local discomfort 
This was felt by the authors to be a simple, safe and therapeutically satisfactory method of administra- 
tion of heparin 

Single injections, however, showed considerable variation in duration of action and insufficient data 
IS reported for the reader to judge the predictability of anticoagulant effect on repeated injections 

CAP 

Some Observations on Bleeding Tendency in Thrombocytopenic Purpura J G Allen, G Bogardus, 
L 0 Jacobsen, and C L Spurr University of Chicago Medical School, Chicago, Illinois Ann Int 
Med 17 38Z-395, 1947 

In this very interesting preliminary report the authors question whether the amount of circulating 
heparin may be increased in thrombocytopenic purpura By titration of heparinized blood against varymg 
concentrations of protamine sulfate, they find that a greater amount of protamine is required to return 
the clotting time to normal in thrombocytopenic patients than in controls 

Toluidine blue (z 5 mg /kilo body weight) was injected mtravenously into 6 patients with thrombo- 
cytopenia in view of its known antagonism to heparin Pour of these patients had leukemia and z had 
idiopathic thrombocytopenic purpura To judge from the illustration presented, the patients experienced 
dramatic remission in spontaneous purpura Platelet counts and bleeding times did not appear to be 
affected, and the authors emphasize that bleeding from ulcerated areas may be little improved Certain 
inconsistencies in the behavior of the patients to treatment along with the as yet limited data make it 
necessary to withhold any definite opinion as to the therapeutic value of antihepann drugs in thrombo- 
c) topenic purpura 

CAP 

SuR LA COAGULATION DU PLASMA EXALATE PAR LES CULTURES DE B PRODIGIOSUS P Fredertcq (LlCgC, Bcl- 

gique) Compt rend Soc de biol 140 113Z, 1947 

SuR LA COAGULATION DU PLASMA EXALAT^ PAR LES CULTURES D AcTINOMSCES P Fredet/CtJ (LlCgC, BclgiqUc) 
Compt rend Soc de biol 140 1166,1947 

In these two communications, P Prcdericq reports the method of culti\ating the prodigiosus or the 
actinomyces on a sheet of cellophane The cellophane is washed in distilled water, then the solution is 
filtered through ajenafilter G 5/3 Thenthcfiltrateisprecipitatedb) fi\e\olumes of alcohol (94 °C ) The 
precipitate is used to make different dilutions Thus an enzyme is isolated the prodigiosicoagulasc 
and the actinomyceticoagulasc which arc able to clot an oxalated plasma This coagulasc is not a 
thrombin, since a pure solution of fibrinogen is not clotted The presence of prothrombin is neccssan 
(ab'orbtion of prothrombin suppresses in the absence of calcium — trypsin-likc activity) Both enzymes 
arc as protcoly tic as the try p'ln itself and the plasma protease (called b\ Prcdericq, try ptasc ) 

J P S 


The Origin AND THE Phi sioLOGs OF Heparin The Specihc Therapy in Thrombosis J E 
Carolmc Institute, Stockholm, Sweden Ann Int Med 27 361-370, 1947 
This article comprises a concise authoritative review of the origin, chemistry, action and 
applications of heparin The material is dealt with more fully in the author s monograph 
in Thrombosis, 1946 edition 
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RADIOACTIVITY AND RADIOACTIVE ISOTOPES 

Efectos de la ENERciA at6mica en la sanore (The eefects of atomic eneroi on the blood ')StrLientl 
Whitby La Prcnsi MiJdica Argentina 14, 6^8, 1947 

The deleterious cfTectc upon the blood of -itomic energy and high voltage vray brings up the necessity 
for a thorough study' of the problem, nnd of the more practical methods of immunization 

The penetrating and pernicious effects of the radiations arc similar to those produced by the gamma 
ray s of radium There arc three such effects (i) those produced b\ a sudden and intense irradiation, as 
obserted among the Mctims of atomic bomb explosion, (i) those produced by repeated small, well 
tolerated doses, as observed in workers with radioactive substances and in investigators of nuclear 
physics, and (3) the effects secondary to continuous internal irradiation given off by radioactive sub- 
stances accumulated in the marrow 

The inhabitants of Hiroshimi and Nagisahi subjected to intense and penetrating acute irradiation, 
showed, first, 1 latent period, then granulocytopenia, which occurred during the first three weeks, three 
to five weeks later, thrombocytopenia, with hemorrhagic diathesis, made its appearance, and from five 
to seven weeks after the explosion, cases of aplastic anemia developed The sternal marrow in these 
cases, was found aplastic, physiologically if not always anatomically 

Bones absorb radium, thorium, and radioactive calcium and strontium The bone marrow is subjected 
to a continuous bombardment of destructive alpha ray's, as observed in workers in the manufacture of 
luminous watches Aplastic anemia with an aplastic marrow, or with a hyperplastic impotent marrow, 
develops as a result of this internal irradiation, and the hematologic picture is similar to that observed 
in the victims of atomic bomb explosion 

RMS 

The Medical Use of Radioactive Isotopes I Radioactive Isotopes in Hematologic Distukbances and 
Neoplasms D E Hall and C H fUtf/Un/, From Division of Medicine, Mavo Clinic, Rochester, Minn 
Am J M Sc 21 } 6ii-6i8, 1947 

Since radiophosphorus is chiefly deposited in the bone and bone marrow, it is understandable why its 
therapeutic value should be tested for modifying disturbances in the hematopoietic organs Hall and 
Watkins review the cases reprarted in the literature and add some of their own Radiophosphorus therapy 
is an effective method of controlling polycythemia vera Besides the high cost of material another dis- 
advantage is that the occurrence of leukemia may' be accelerated 
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The Metropolitan Life Insurance Company, New York, reports that leukemia 
takes more than 6,000 lives annually in the United States, many of them among 
children The death rate reported from leukemia is said to have more than doubled 
in twenty-five years and is more than five times that of infantile paralysis, about 
one and one-half times that of measles, scarlet fever, whooping cough and diabetes 
combined, and almost equal to chat of appendicitis 

The Surgeon General, U S Public Health Service, has appointed an Advisory 
Board whose function is to designate the proper names for the several anti-Rh 
blood typing serums licensed under the Biologic Law The desire is to have recom- 
mended a system of nomenclature which will be adequate to cover this phase of 
human genetics and which can be readily adapted to clinical use, medical teaching, 
and laboratory diagnosis Members of the Board are William B Castle, Jr , Pro- 
fessor of Medicine, Harvard Medical School, Maxwell M Wintrobe, Professor of 
Medicine and Department Head, School of Medicine, University of Utah, and 
Laurence H Snyder, Professor of Medical Genetics and Dean of the Graduate 
School, University of Oklahoma 

Ac a Conference on Nomenclature of the Rh factors which was held at Washing- 
ton, D C , on October lo, 1947, and continued through the list, the Board heard 
evidence from various persons qualified in this field It is expected that an official 
report of the proceedings will shortly be available 

A letter regarding the above conference has been received from Dr Alexander 
S Wiener 

To the Editor 

The National Institute of Health recently held a conference on nomenclature of the Rh factors, in 
order to settle the problem of labeling Rh antisera The purpose of this letter is to present my own reac- 
tion to this meeting 

As far as I could determine, the consensus of those present was that the original designations of the 
Rh t) pes as rh, rh', rh", rh' rh", rhoRhi Cor Rhg), RhjCor Rh^o) 3nd Rhj Rhj, based on the designation 
of the three common Rh antisera as anti-Rho, anti-rh', and anti-rh", be retained as the standard nomen- 
clature A number of those present suggested that in addition certain alternatne designations, using the 
letters C-D-E, should be added in parentheses when labeling antisera The present wTiter maintains that 
such a duplicate method of designation is cntirelv unnecessary and will onh cause confu'ion Experience 
With the four Landstciner blood groups has alreadt proacd that confusion is atoided on)} b} the use of 
a single rational and descripcite nomenclature 

At the meeting the present writer had the opportunit} to present his original findings on which the 
standard nomenclature is based, and also to hear the news of other workers in the field This has final!) 
made clear the mysterious attraction of notations using s) mbols like XYZ\) z, or Rhunjf , instead of the 
S}mbols Rho, rh', rh". Hr' and Hr" (evidence forHrohas still not been published) Obsioush , to man) 
people notations like 1, II, III, IV, are much easier to remember than O, A, B, and AB In the forme: 
case one has but to learn that there arc four blood groups To remember O, A, B, and AB on the other 
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hand one is compelled to leirn that there are two substances A and B, in the blood which form four com 
binations This additional effort is quickly repaid, however, in the ease of laboratory workers who must 
be familiar with Landsteincr s rule concerning the reciprocal relationship of agglutinogens and agglu 
tinins, and also for medicolegal experts, to whom, for example, the statement that parents of groups 
O and AB can only ha\c children of groups A and B is much more intelligible than 1 X IV can only yield 
II and III Similarly , it seems easier to learn that there are three factors Rh, Rhj Rhj or XYZ than 
that there arc three factors, Rho, Rh' and Rh" Actually , by' taking a little extra effort to understand the 
original nomenclature, one learns at the same time of the special serologic, genetic and clinical position 
of factor Rhp and that rh' and rh" arc related aery much as A and B arc to each other Thus, by applying 
what one already knows of the four blood groups, one immediately knows the eight Rh types, while those 
using designations like XYZ must start from the beginning and perhaps nc\cr really grasp the subject 
It IS easy to sec, for example, why the mating rh X Rh| Rh. y iclds almost 50 per cent type Rhj and 50 
pier cent typie Rhj children with only rare children of tapes rh' and rh" aahilc this is completely unin 
tclligiblc aahen aarittcn as Ncg X Rhju or xyz or XYZ 

In addition, the symbol Rh his an important dcscriptiac significance, indicating the origin of our 
knowledge of this antigen through the study ba Landsteincr and Wiener of immune scrum prepared by 
immunizing experimental animals aaith the blood of rhesus monkeys, avhich antisera, these workers 
found, also agglutinate the bloods of about 85 pier cent of Caucasian individuals It avas because the first 
antisera aacre prepared aaith the blood of rhesus monkeys that the symbol Rh (the fir't tavo letters of 
the name Rhesus) aaas chosen to designate the antigen, aahilc anti-Rh aaas the natural name for thccorre 
sponding antiscri When, aaith the aid of antisera of human origin, it aaas later discovered that there arc 
other related antigens in human blood, it aa as only natural that names be selected for these antigens avhicb 
shoaacd their relationship to the Rhj antigen originally discoacrcd by Landsteincr and Wiener, but at 
the same time indicated their characteristic differences 

One final point which ca cry one seems to haac oacrlookcd is that as early as 1941. avhen only Rbo 
and rh' had been found ba me, I considered the piossibility that these factors might be transmitted by 
genes that aacre linked, independent or allelic (Wibner, A S Blood Groups and Transfusion, ed 3, 
1943, p X54) When statistical analysis of the aa'ailablc data proved that the hypotheses of linked and 
independent genes aacre incorrect, aac explained the hereditary transmission of the four Rh types knoian 
at that time by postulating the existence of four allelic genes When later rh" was found, it hardly seemed 
necessary to repicat the evidence against linkage and independent assortment, and so the theory avas 
merely extended to include six standard allelic genes, to which British aaorkers added the seaenth and 
rarest gene R*^ Thus, Fisher s theory besides being avrong, is not original since it had been considered 
and discarded by me more than taao years before he proposed it Incidentally, based on the theory of 
multiple allelic genes, the existence of typic rh'rh" and its frequency of only about 1 m 10,000 was pre 
dieted by me and later confirmed Also the existence of factor rh'" aaas predicted by me, only to be con 
firmed by avorkers in England 

In conclusion, it should be apparent from the foregoing that a recent report published in this jouma 
(Blood 2 Z04-Z7, March, 1947), advocating the adoption of Fisher s notations in order to clarify the 
nomenclature problem is based on incorrect and incomplete information Actually there is no nomen 
clature problem except the one that aaould be created by the unnecessary introduction of duplicate or 
triplicate systems of notations Therefore, it is hoped that the publication of this letter avill serve to 
correct any damage caused ba the misleading rcpiort referred to aboa'e 

Alexander S Wiener 

Office of the Chief Medical Examiner, New York, Ncaa York 

The report, referred to above, published in this journal was entirely reportorial 
and represented the concensus of the workers who met at Dallas and Mexico City 
in November 1946 to discuss problems relating to the Rh factor The report itself 
was, we believe, clearly written and therefore not ‘ misleading Dr Wiener prob- 
abl> objects to the conclusions of the group which met, discussed and arrived at a 
decision on a question of nomenclature This decision happens to be at variance 
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With Dr Wiener’s concepts It will be of interest to obtain the reaction of other 
readers to Dr Wiener’s comments 

Edtto) 


The following items have been received from Dr Jose Oria, Sao Paulo, Brazil 
The Department of Histology and Embryology of the Medical School of the 
University of Sao Paulo, Brazil has been doing histologic research, both human 
and comparative, of blood and hemopoietic organs for about twenty years In 
charge of this work is Assistant Professor Dr Jose Oria 
Several general and individual contributions to Hematology have had their ori- 
gin from this department Thus, the clinical hematologic service of the Universit\ 
IS now being carried on in the Central Laboratory of the Clinical Hospital (of the 
University), under the direction of Assistant Professor of Internal Medicine, Dr 
Michael Jamra This servace conducts the hematologic examinations of the entire 
hospital 

Clinical and cytohematologic studies have been published from or are being 
carried on in both departments Among others should be mentioned the most 
recent on megakaryocytes, mast-cells, plasmacytes, artificial segmentation of the 
blood elements in oxalated milieu (Dr Jose Oria), on hypersegemented neutro- 
philes (Dr Oria and Dr S Yoneda), multipolar mitoses in megakaryocytes, drep- 
anocytic anemia, hemophilia, metabolism in pernicious anemia The karyologic 
curve of bone marrow in vivo under certain conditions is being studied by Dr 
Fernando T Mendes Dr Jamra and Dr Mendes (of the Clinical Hospital of Sao 
Paulo) are in constant contact with the Department of Histology and Embryology 
of Sao Paulo, in order to coordinate these services 
The Section of Cellular Physiology of the Department of Histology and Embrj- 
ology (Dr Piero Manginclli, former Research Associate with Dr R Chambers) is 
initiating cytologic investigations in blood 
Dr Lucio Carvalho Lima, voluntary assistant in this Department, is now at 
work in Dr M M Wintrobe’s laboratory at the University of Utah 

Dr Carlos A Lacaz and co-workers have vyritten on the Rh factor in Sao Paulo 
Their work is being performed in the Department of Microbiology and in the 
Clinical Hospital of the same University One of Dr Lacaz co-workers is Dr 
Humberto Costa Ferreira, who worked recently with Dr Nathan Rosenthal in Nev 
York 


The eighth annual meeting of the Italian Society of Hematology was held in 
Pavia, June 29 - 30, 1947 The French and Swiss Society of Hematology were repre- 
sented 

The presidential adress was given by Prof Di Guglielmo of Naples Drs Conte- 
Marotta and Di Guglielmo Jr spoke on Urinary Factors in Leukemia,’ Dr 
Ficschi spoke on Marrow Cultures in Leukemia, ’ Dr Storti on Leukemia as 
Neoplasm,” Dr Baserga on Recent Advances in Pathogenesis and Therapy of 
Leukemia,” and Dr Morganti on ‘The Rh Factor 
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The following letter, dated July zo, 1947, from Dr Paul Chevallier of Pans, 
addressed to “Mr President of the American Society of Hematology” has been 
received at the editorial o/hce It was translated by Dr H Tagnon At present, no 
American Society of Hematology has been constituted 

Mr President 

I hi\e the honor of informing joii that at the Italian Hematologic Congress June 2.9~3o, 1947 it was 
decided to create an Academ) ofHcmatolog) The word Academ) was chosen for the time being rather 
than Socict) or Association, to indicate that the number of members is limited and that, in agreement 
with the meaning of the French word academique no other condition should be considered except that 
of hematologic science 

For the time being, the Academs has been qualified as European , this because no representative 
from another continent was present The founders have the strongest desire that it be International 
It was also decided that in the present world contingency, the general sccrctar) (permanent) could 
not be otherwise than a Swiss citizen with perfect ncutralitv Sr Undritz was elected but his definite 
acceptance is conditioned on the decision of his superiors 

I was elected President and this is wh) I am writing )ou for this embr)0 of an Academy 
In order to keep the Academj joung, the active members, with the same privileges, have been divided 
into suitors (above 65 or 70 )ears, or elected for more than the last 10 jears), without limitation in num 
ber, and juniors, whose number has been prov isionallj limited to 100 (for Europe alone) 

In addition there will be members who will participate in the scientific proceedings but not in the 
administration These are corresponding members and Membres agrees, appointed for 5 years and 
chosen among chose of the young who show definite promise but as yet have not attained a definitive 
status as hematologists 

In those countries having a National Hematologic Society, membership will depend on nomination 
by the National Society 

The Academy will hold annual meetings, in a different country, lasting two days, and will study 
various problems submitted One meeting will be devoted to presentation of scientific and clinical mate 
rial by the hematologists of the region where the meeting is held 

It IS pro)cctcd to have the first meeting (study of constitution, by-laws, etc ) in Pans, in May 1948 
In the meantime, the provisional Bureau (Paul Chevallier, di Guglielmo, Lambin, Undritz) is com 
missioned to choose a certain number of known hematologists to form the nucleus of the Academy 
We hav'e the great hope that you will join us and bring us your admirable vitality On you depen s 
the International rather than European character of the Academy 

If, as we hope, you agree, you will kindly send us the names of people whom your Society thin s 
should be Founder members, and a list of the candidates for election to vacant scats 

We will also have to discuss with your representative the problem of the total number of 
members of the Inteniatsonal Academy , the junior members from Europe being limited to one hun re 
I beg you to receive, Mr President, the expression of my very high consideration 

Paul Chevallier 


International Society of Hematology 

Much progress is being made in the development of this Society, which evolved 
from the highly successful Rh and Hematology Congress held in Dallas and Mexico 
City in November, 1946 The officers are President, Dr Joseph M Hill, Dallas, 
Vice-President, Dr Eduardo Uribe Guerola, Mexico City, Secretary, Dr Sol Haber 
man, Dallas, Treasurer, Dr Stanbury, Toronto 

Meetings are to be held bi-annually, probably during one of the summer months, 
so as to coincide with vacation plans and travel The first of these meetings wi 
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be held at the Hotel Statler, Buffalo, during August 24-2.7 inclusive Tentative 
plans indicate that these four days will be divided as follows one day, red cell 
problems, one day, immuno-hematology, one-half day, white cell problems, one- 
half day, coagulation problems, one-half day business, one-half day entertainment 
The following Committees have been appointed 


Pro^am Committee 

W itcbsky , Ernest, Chairman 
Diamond, Louis K 
Whitby, Sir Lionel 

Moore, Carl 

Guerola, Uribe Eduardo 
Scegers, Walter 
Snyder, L H 


Buffalo General Hospital, Buffalo, New York 
The Blood Grouping Laboratory, 3ooLongwood Avc , Boston, Mass 
Regius Prof of Physics, Department of Medicine, University of 
Cambridge, London, England 

600 S Kings Highway, Washington University School of Medicine, 
St Louis, Missouri 
Ponciano Arriaga 7.6, Mexico, D F 
Wayne University, Detroit, Michigan 

Oklahoma University, Dean of Graduate School, Norman, Oklahoma 


Constitutional Committee 
Davidsohn, Israel, Chairman 

Guitierrez Villegas, Luis 
Robb Smith, A H T 

Tocantins, L M 
Ross, Joseph 


Mt Sinai Hospital, Department of Pathology, California Avc and 

15th Place, Chicago 8, Illinois 

Plaza dc la Republica 51, Mexico, D F 

University of Oxford, Director of Pathology, Radcliffc Infirmary, 
Oxford, England 

Jefferson Medical College and Hospital, Philadelphia, Pennsylvania 
Evans Memorial Laboratory, Memorial Hospital, Boston, Mass 


Membership Committee 

Dameshek, William, Chairman 
Levine, Philip 
Jones, O P 
Custer, R Phillip 

Kracke, Roy R 


X5 Bennet Sr , Boston, Mass 
Ortho Research Foundation, Raritan, N J 
University of Buffalo College of Mcdianc, Buffalo, N Y 
University of Pennsylvania, Medical School, Dept of Pathology, 
Philadelphia, Penn 

University of Alabama Medical School, Dean, Birmingham, Alabama 


Foreign Countries 

Race, Robert R 
Hirszfeld, Ludwig 
Guzman, Ignacio Gonzilez 
Cruz, Walter 
Pa\ lovsky, Alfredo 
Waugh, Theodore 
Broman, Berger 
Bcssis, M 

Das Gupta, C R 

Sando\ al S , Luis 

Siruejkul, Rod 

Rohr, Karl 


Lister Institute, Chelsea Bridge Rd , London, S W 1, England 
Insurute of Medical and Microbiological Science, Wraclow, Poland 
University of Mexico, College of Medicine, Mexico, D F 
Instituto Oswaldo Cruz, Caiza Postal 916, Rio dc Janeiro, Brazil 
Ancherena 1710, Buenos Aires, Argentina 
McGill University, Montreal, Quebec 
Royal Caroline Medical School, Stockholm, Sweden 
Laboratonc dc Rcchcrchcs, Du Centre National dc Transfusion 
Sanguine, 53 Boulevard Diqerot, Pans, France 
Hematology Department, Calcutta School of Tropical Medicine, 
Calcutta, India 

Instituto dc Histologia dc la Univcrsidad dc Concepcion, Santiago, 
Chile 

Siamese Medical Department, The Rov al Siamese Embassv , Wash- 
ington, D C 

Mcdizinischcn Univcrsitatsklinik, Zurich, Switzerland 
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Chcdnk, Moiscs Lnbontorios Chcdiak, 13 No 634 Esq A Banos Vcdado, Habana, 

Cuba 

Di Gugliclmo, G Director of Medical Clinics, University of Naples, Policlinico, 

Napoli, Italj 


Blood Bank Institute 

A Blood Bank Institute was held in November 1947 at Dallas, Texas in conjunc- 
tion with the William Buchanan Blood Center Eighty-three representatives of 
blood banks from various parts of the country attended and participated in the 
program At the conclusion of the program an American Association of Blood 
Banks was formed Details regarding both the institute and the new Association 
will be published in a forthcoming issue of this Journal 

To the Editor 

In two papers ' * appearing in recent issues of Blood, reference has been made to Jpsolecithinase 
as the enzyme which conterts lecithin to lysolccithin 

This terminology is, of course, incorrect an enzyme is not named from the product it forms Following 
the usage of Belfanti’ the enz) me in question is commonly referred to as lecithinasc A It yyould be un 
fortunate if the incorrect term were gcncrall) adopted by hematologists 

H Bruce Collier 

‘ Singer, T P,I Silderdacii, and S Schwartz Blood (Special Issue) / 88-57, July 1947 

* Hirschdobcr, J S Blood z 578-591,1947 
Belpanti, S , A Contardi, AND A Ercoli Ergeb Enzjmforschung s 
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The Coagulation of the Blood Investigations on a liew Clotting Factor By Paul A Owren Oslo, J Christian 
Gundersen, 1547 

In this book, which was also published as a supplement to Acta Mcdica Scandinavica in 1547, Owren 
describes an unusual case of a hemorrhagic diathesis in a woman with increased coagulation time in 
which, at first sight, prothrombin appeared to be at fault All the other elements of the blood coagula- 
tion reaction were apparently normal, quantitatively and qualitative!} Furthermore, laboratory findings 
revealed no apparent cause for the hemorrhagic tendency in this patient other than a severe hypopro- 
thrombinemia as determined by the Quick method Subsequent investigations by the author demon- 
strated that addition of small amounts of prothrombin free plasma produced a great decrease in the 
prothrombin time of the patient and consequently an apparent increase in the prothrombin concentration 
as determined by Quick s method Since Owren found that fibrinogen, prothrombin, thrombokinasc, 
and calcium were all present in normal amounts he concluded that some factor other than those usually 
associated with coagulation was at fault By precipitation with weak acids, dialysis, and salting out 
methods, Owren was able to prepare a material which apparently was lacking in his patient and which 
he terms Fraction 5 This factor he claims is necessary for normal coagulation of plasma and is found in 
normal plasma after the removal of calcium, prothrombin, fibrinogen and by means of Charabcrland 
filtration, thrombokinase The addition of Fraction 3 to the customary Quick setup results, according 
to Otvren s data, in a markedly decreased prothrombin time Owren assumes that Fraction 3 requires 
cither prothrombin or a portion of the prothrombin complex to form a second new substance. Fraction 
6, in the presence of calcium or thrombokinase Fracuon 6 which has as yet not been isolated, reacts with 
prothrombin in the presence of calcium to form thrombin which in turn produces the fibrin clot from 
fibrinogen Owren has suggested the term proprothrombinasc for Fraction 5 and prothrombinasc for Frac- 
tion 6 He advances the view that Fracuon 6 is a proteolytic enzyme capable of converting prothrombin 
to thrombin He replaces the older terminology of Bordet and Nolf by a new term, cytokinasc, which 
replaces the old term cytozyme and thrombozyme Owen s theory of blood coagulation, then, may be 
schemaucally described as follows 

1 Factor V Prothrombin (?) Cytokinasc Ca Prothrombinasc 
1 Prothrombin Prothrombinasc Ca Thrombin 
3 Fibronogen Thrombin Fibrin 

Owren s theory has been republished in part in Lancet and has been editorialized by that journal 
The acceptance of two new members of the coagulation family is a serious dctclopment requiring 
careful consideration on the part of all investigators in the field and undoubtedh much intcstigation will 
be stimulated as a result of Owren s work There is, however, a considerable danger invohcd in accept- 
ing this new concept at the present time The methods of preparation of Fraction 5 are, in a great man) 
ways, similar to those used by Taylor and associates for the preparation of globulin substance or anti- 
hemophilic globulin Plasmas may be prepared free from formed elements and from prothrombin and 
fibrinogen, but which still contain significant amounts of globulin substance b} precipitation with weak 
acids or on dialysis There is also a similarity between Fraction 3 and the so-called actn ating globulin 
of Scegers Since the greatest difficulty of the stud) of blood has been the failure of in\cstigators to relate 
the tarious preparations thci ha\c made with preparations of others hating similar chemical properties 
and physiologic functions. It would seem highl) impiortant that OwTcn s Fraction 3 be full) intcstigated 
dcfinitivel) before it can be accepted as a new factor Fraction 6 which has not )Ct been isolated in mant 
of Its properties, resembles the proteohtic cnz)mc described b\ Tagnon and his associates and which 
we now know can be prepared in free form b) the fractionation procedures of Cohn Such protcol) tic 
enztmes arc an imjxirtant consideration in the thcort of Ferguson Furthermore, there is some ctidcncc 
that the postulation of a substance such as Fraction 6 is unneccssan when one considers the coagulation 
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properties of freshly prepired nnd old scrum Owren’s work is a challenge for further mscstigation in 
nn attempt to clarify the coagulation situation No thcor) at present competently explains all the facts 
In addition to the presentation of his new hypothesis, Owren has rcinacstigatcd the kinetics of the 
coagulation reaction from many angles and has re-examined the physico-chemical properties of the 
classic components of the coagulation reaction In chapter 8, he attempts to bring his present investiga 
tion into relation \s ith the older theory of blood coagulation 
Unfortunately , a great deal of work in the United States since 1541 was not aaailable to the author, 
and as expressed by' Owren, only' Danish and scattered British and American articles have been available 
for reference No student of the blood coagulation problem should fail to review OwTen s work in an 
attempt to relate the new components to the classic theory 

F H L Taylor, Boston 


/ 



CONGENITAL HEMOLYTIC JAUNDICE THE PATHOGENESIS 
OF THE “HEMOLYTIC CRISIS” 


By Paul A Owren, M D 

T he most senous and dramatic complication in congenital hemolytic jaundice 
IS the occurence of a hemolytic crisis This manifests itself by a sudden catas- 
trophic fall in the hemoglobin and red cell count which in the course of a few days 
can produce a critical, sometimes fatal condition in the patient 
The immediate cause of these acute crises is unknown, but most hematologists 
seem to be agreed, as far as the pathogenesis is concerned, that the acute anemia 
arises because of a sudden greatly increased destruction of the red cells, a view 
which IS expressed in most of the standard text books and papers on this subject 
(Meulengracht 1918, Lord Dawson of Penn 1931, Heilmeycr 1935, Schulten 1939, 
Vaughan 1936, Kracke 1941, Whitby and Britton 1946, Wintrobe 1946, and others ) 
The terms ‘hemolytic crisis,” hcmoclastic crisis ' and “crise de deglobulisation” 
express this view 

I shall refer later to investigations which show that this generally accepted view 
may be erroneous It will be shown that the anemic crises are not due to increased 
hemolysis, but to a sudden cessation in formation of the new red cells because of an 
acute aplastic crisis in the blood forming tissue of the bone marrow 

Material 

The investigation covers crises in 6 cases of congenital hemolytic jaundice The 
first 4 cases, which occurred in the members of the same family, were observed in 
I94L The following members of this family became ill within a few days of each 
other (i) An 8 year old girl, (2.) her grandfather of 59, (3) her father aged 40, 
(4) her father's brother aged 38 The fifth case was a man of ai whose family 
connections are shown in figure i This family tree is of special historical and 
clinical interest for the following reasons 3 members of the second generation had 
anemic crises in 1890, 10 years before Minkowski’s description of congenital 
hemolytic jaundice This incident was described by Koren m 1891 as ‘ 3 cases of 
acute pernicious anaemia in the same family,” and Torup (1891) suggested that 
the anemia was produced by an acute carbon monoxide poisoning This erroneous 
explanation resulted in the subsequent view that carbon monoxide poisoning can 
produce marked anemia The true reason for the incident was given by Holst in 
1917 The sixth case in a woman of xo, belonged to a third family 
In all 6 cases the disease showed complete accordance with the criteria for 
hemolytic jaundice, which was first described by Minkowski in 1900 and Chauffard 
in 1907 The patients presented the following characteristics jaundice without 
bilirubin in the urine, anemia, splenomegaly, increased fragilitj of the red cells 

From the Uni\crsit\ Hospital, Medical Department A , Oslo, Norwat 
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to hypotonic saline, increased number of reticulocytes in the blood, spherocytosis 
and familial incidence of the disease 

All patients were examined several times after complete recovery from the 
crisis, two of them also before onset of the crisis Representative findings in the 
peripheral blood are given in table i 
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Aplastic crisis and splenectomy 1943 Three members of the second generation had crises in 1890 


Table i — Blood values before and after recovery from crisis tn 6 cases of 
congenital hemolytic jaundice 
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Clinical and Hematologic Findings during the Course of the Crises 

In all 6 cases the crises began quite suddenly with a rise in temperature, cases 
i and 4 having rigors, and case i abdominal pain and vomiting The temperature 
swung irregularly between 38° C and 39 5° C , lasted about ten days and returnc 
to normal at the same time as the recovery of the blood picture began Jaundice 
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decreased in all cases with the development of the anemia (cf figs z, lo, ix), and 
the size of the spleen remained unchanged during the course of the crisis, as far as 
Its size can be determined clinicall}’- These points are emphasized, as the literature 
states that the jaundice as well as the size of the spleen increase during the crisis 



DAYS AFTER ONSET OF CRISIS 


Fig % Case 4 Male 38 Years Blood and Marrow Findings 

Black, basophilic erj throblasts, slanclincs, pol) chromatic crj throblasts, open, orthochromatic 
crj'throblasts 


THE Erythropoietic Function 

The typical hematologic findings during the course of a crisis are given in figure z 
which gives the blood and marrow findings in case 4, a man aged 3S 

Eight days before he became ill, this patient went to the hospital with his father, 
case z, and a full clinical and hematologic examination was made at that time He 
presented all the characteristic signs and symptoms of hemol) tic jaundice C^f 
table 1), and was told to report for admission to the hospital immediately if he felt 
ill Eight da\s later he felt cold and chilh, and his temperature started to rise. 
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the following day he reported to the medical ward In this way we had a unique 
chance to collect observations )ust before the crisis as well as during its develop- 
ment As a rule patients with “hemolytic” crises do not come under observation 
before the anemia is fully developed, as it is the anemic symptoms which bring the 
patient to the doctor This fact seems to be the reason that the first phase of the 
crisis, the onset of anemia, has not been fully reported until now 

It IS evident from figure l that the anemic phase is characterized by the following 
findings the hemoglobin and red cell count fall rapidly, and in the course of about 
six days are reduced to about half of the original value The color of the senun 
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Table 3 — Case 4 Differential counts of nucleated red cells tn bone marrow 
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becomes normal again, and the reticulocytes disappear completely from the 
peripheral blood 

The reticulocyte disappearance points to the fact that the anemic phase is accom- 
panied by a complete cessation of the erythropoietic function This is fully con- 
firmed by examination of the bone marrow The upper part of figure z illustrates 
the number of erythroblasts per cu mm bone marrow In the anemic phase there 
IS almost complete aplasia of the erythropoietic tissue as is otherwise seen only 
occasionally in aplastic anemia Remnants only of erythropoietic tissue are found 
in this period in the form of a very few stunted normoblasts, and scattered large 
characteristic immature cells At the first sign of recovery we see active formation 
from these large cells of proerythroblasts (^pronormoblasts) with subsequent de- 
velopment to macroblasts (basophilic normoblasts) and later polychromatic and 
orthochromatic normoblasts which m the course of a few days increase so that 
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they completely dominate the bone marrow picture in an excessively active 
proliferation (cf fig x) This regeneration is immediately followed by a reticulo- 
cyte crisis in the peripheral blood, up to 30 per cent, with a subsequent quick 
recovery of the blood picture 

Table X illustrates the relative rates of this regeneration The number of eryth- 
roblasts which, during the initial phase of the crisis, are reduced to about 3000 
per cu mm bone marrow or 4-5 per cent of the total amount of nucleated cells, 
increase rapidly to about 300,000 per cu mm or to 80 per cent of the nucleated 
cells 



Fig 3 Case 4 Bone Marrow 8 Days before Crisis The Erythropoiesis Dominates 

THE Picture X 600 

The qualitative changes during this regeneration as they appear in the dif- 
ferential count are given in table 3 From this it is clear that the course of regenera- 
tion goes through the normal stages of proerythroblasts and macroblasts to the 
hemoglobin containing polychromatic and orthochromatic normoblasts 
The photomicrographs verify this development Figure 3, which shows the 
bone marrow in this patient eight days before crisis, shows a typical and un- 
complicated picture of hemolytic jaundice, the erythropoiesis dominating the 
picture and the more mature normoblast stages forming the most striking com- 
ponent On the fourth day of the crisis (fig 4) the picture is completely changed 
the erythroblasts have disappeared and the marrow consists almost exclusively of 
leukopoietic tissue, with myelocytes and promyelocytes predominating On the 
sixth day the picture is similar (fig 5) 




Fig 4 Case 4 Eove Marrow Picture on the Fourth Dai after Onset of Crisis 

The crythroblasts hT,\c ilmost complctcl) disappeircd and the mirrow consists almost cxclnsivclf of 
Icukopoictic tissue X 6co 



Fig 5 Case 4 Sixth Day of Crisis 
The picture is similar to fig 4 X 600 
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Which cell in this marrow is the origin of regeneration of the red cells? As men 
tioned, preparations from this period show single large cells, 35 to 40/11 in diameter 
and with a basophilic protoplasm and Icptochromatic nuclei From these cells one 
can follow a uniform development to proerythroblasts (fig 6) from the ninth day of 
the crisis, and (fig 7) from the loth day At this time we find a regeneration of 
proerythroblasts in great quantities, together with a number of macroblasts 
(basophilic normoblasts), but not more mature form.s There, are still no reticulo- 
cytes in the peripheral blood Figure 8, taken two days later, shows an enormous 
increase in normoblasts and a great diminution in the proerythroblasts On the 



Fiq 8 Case 4 Twelfth Dat of Crisis 


Large increase of normoblasts and decreasing number of proerythroblasts X 1000 

fourteenth day (fig 9), we find large nests of polychromatic normoblasts At this 
time the reticulocytes in the peripheral blood were increased to 30 per cent 

It is apparent from these findings that during the development of anemia the 
erythropoietic tissue of the bone marrow is in a temporary state of aplasia The 
spontaneous recovery shows that the erythron has a quite fantastic ability 
regenerate 

Figure 10 shows the course of the crisis in patient number 6, a woman aged lo 
The color of the serum diminished and the jaundice disappeared Reticulocytes 
disappeared from both peripheral and sternal blood, and recovery was heralde 
by a reticulocyte crisis The sternal marrow was examined daily m this case, an 
showed similar changes as in the previous patient The differential counts o 



Fig 9 Case 4 Fourteenth Da\ of Crisis 

Enormous increase of normoblasts Reticuloc) tes la peripheral blood 30 per cent 



Fio 10 Case 6 Female xo Years Blood and Marrow Findings 
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nucleated red cells is given in table 4, and the total number of nucleated red cells 
per cu mm of bone marrow is illustrated by the columns in figure 10 It follows 
that the crisis is accompanied by transient aplasia in the erythropoietic tissue as 
was demonstrated in the previous patient 

All 6 patients showed corresponding pictures In table 5 are given the lowest 
blood values observed in the 6 patients during crisis The reticulocytes disappear, 
severe anemia develops, granulocytopenia, and thrombocytopenia and the serum 
color is lowered to normal 


Table 4 — Case 6 Nt/mber of nucleated cells and differential counts of ntrleated red cells in 

bone tnarroti' during in sis 


Days after onset of crisis 



1 

8 

" 1 

10 

11 ' 

12 ' 

13 * 

14 

15 

16 

17 

1 

1 19 ! 

20 

22 

26 1 

30 

35 

Eiythropoicsis per cent 


m 

10 S 


M 

15 6' 

41 0 

84 9 

84 6 

61 4 

38 3 

47 9 

44 7 

49 2 

37 Ol 

EE 

Leukopofesis per cent 

89 7 


89 S 



84 4 

■»vn 

15 1 

15 4 

38 6! 

61 7 

52 li 

55 3i 

50 si 

63 0 

3 ’ 2 

Nucleated cells m thou- 
sands per cu nun 


102 

90 

115 



115 ! 

345 

256 



188 

136 

284 

134 


Proerythroblasts 


0 s 

0 S 

0 3 


5 5 

4 

Will 

1 0 

I 0 3 


0 4 

0 1 

0 1 

0 5 


Macroblasts 

1 S 

1 0 

1 6 

2 1 

1 ^ * 

5 0 

22 8 

51 5 

17 5 

5 6 


8 0 


11 0 

58 


Polychromatic normo- 
blasts 





1 


9 8 

27 4 

56 4 

38 9 

j 

21 0 

1 

30 I 

18 1 

16 0 



Orthochromatic normo 
blasts 

s s 

S 0 

4 9 

3 1 

2 0 

2 S 

i ^ ® 

2 0 

1 

7 5 

15 3 

13 5 

8 6 

18 9 

1 

21 3 

14 2 

24 3 

Pyknotic normoblasts 


5 0 

3 5 

j 2 0 

3 0 

2 0 

— 


— 

— 

: — 

, — 

1 “ 

1 "" 

0 5 


Mitotic normoblasts 

1 


— 

1 — 

— 

0 1 

1 3 

1 

2 0 

1 

2 2 

1 

1 3 

0 6 

0 8 

! 0 6 

1 

0 8j 

1 0 


Table 5 — The lowest blood values observed during crisis 


Case No 

Sex 

Age 

Hgb 

RB C X 
10 « 

Reties 

WB C 

Granulo- 

cytes 

Thrombocytes 

Ictenis 

index 




% 


% 





I 

9 

8 

30* 

X xo 

0 X 

3,600 

1,750 

85,000 

6 

6 

z 

cf 

59 

10* 

CO 

0 

0 I 

4,300 

2., 400 

45,000 

3 

o’ 

40 

2.8* 

^ 3 - 

0 i5 

4,xoo 

1,970 

88,000 

7 

4 

O’ 

38 

36 

I 57 

0 0 

2., 800 

1,2.00 

30,000 

5 

5 

c?- 


3 ^ 

I 32. 

0 3 

— 

— 

Cio6,ooo) 

5 

6 

9 


XI* 

I OX 

0 0 

x,3oo 

760 

35,000 

0 


* Paaents treated with transfusions 


Figure II shows the reticulocyte counts in the 6 patients On the whole the 
curves have the same form in that the reticulocytes disappear during the develop- 
ment of the anemia, and by recovery rcticulocytosis appears in the peripheral bloo 
ten to twelve days after the beginning of the crisis 

Another typical feature of the crisis is the diminution of the urobilin in the urine 
at the same tune as the jaundice disappears, as seen in figure iz from patient 
number z 

Figure 13 from patient number 5, shows how the serum iron increases to patho- 
logic value 0^1 *^his case to zooy per 100 ml ) during the aplastic phase, subse- 
quently to fall quickly The concentration of uric acid in the blood also was in- 
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creased during the period of severe anemia up to 10 to ii mg /loo ml (cf fig 13) 
and a fall to normal value with recovery 



D/\YS 4 8 IX 16 £0 24 28 


Fig II REncDLocYTE Counts in all 6 Cases 



DAYS AFTER ONSET OF CRISIS 

Fig Ii Case l Male 59 Years Illustrates the Decreasing Urobilinuria During 

THE Crisis 

If the patient is suffering from lack of iron during the period of rapid regeneration 
of hemoglobin, the iron deficiency may retard the regeneration Figure 14 from 
patient number 6, shows a decrease of serum iron to 357/100 ml The rise of reticu- 
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Ffo 13 Case 5 Male zx Years, The Variation in Serum Iron 
AND Uric Acid during Crisis 



Fig 14 Cask 6 Female zo Years Lov« Serum Iron Secondary Rise of 
Reticulocytes Following Iron Therapy 
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locytes in this case was lower and more prolonged If iron is given at this stage, 
there is a secondary rise of reticulocytes and a more rapid improvement m the 
blood picture The uric acid of the blood showed corresponding changes to those 
seen in the previous patient 

THE LEUKOPOIETIC AND THROMnoCYTOPOIETIC FUNCTION 

As Stated (cf table 5) granulocytopenia and thrombocytopenia occur sunul- 
taneously with the development of anemia 


Table 6 — Case 4 Differential counts of leukopoietic system 



8 days 
before 


Days after onset of crisis 



crisis 

4 

6 

9 

12 

14 

Peripheral blood 

White cells 

5 ,600 

4,000 

x,8oo 

5,700 

14,500 

9.900 

Granulocytes 

3.92.0 

2 .,XOO 

I,XOO 

3.990 

IX, lOO 

8,100 

Bone mirrors leukoblists and 
leukocytes 
per cent 

47 2- 

95 2- 

95 2. 

71 0 

19 0 

1 

40 0 

number per cu mm 

1x7,000 

85,700 

1 

67,100 

85,000 

7X,ooo 

87,000 

Myelocytes 

I X 

1 3 0 

5 4 

2 - 4 

I 0 

0 8 

Pcomydocyccs 

z z 

' 6 6 

6 0 

1 0 

I 6 

4 4 

Neutrophilic 

Myelocytes 

16 8 

X5 0 

35 6 

18 8 

16 0 

10 X 

Metamyelocytes 

30 6 

15 X 

13 X 

18 0 

15 1 

14 8 

‘Band” forms 

15 8 

14 X 

14 6 

t 17 4 

XQ 6 

13 8 

Polymorphonuclear 

14 8 

5 6 

7 6 

IX X 

X4 8 

1 ^ 

1 ^ ^ 

Eosinophihc granulocytes 

3 2- 

X X 

2. 4 

X 8 

X 0 

Basophihc granulocytes 

0 z 

0 X 

— 

0 4 

1 — 


Lymphocytes 

iz z 

10 X 

7 2. 

IX 6 

10 8 

7 8 

Monocytes 

1 6 

X 6 

0 6 

5 6 

4 4 

6 D 

Plasma cells 

0 8 

0 X 

4 6 

0 4 

0 X 

0 1 

Reticular cells 

0 4 

4 2. 

X X 

6 4 

3 0 

5 ^ 

Megakaryocytes 

0 z 

0 8 

0 6 

I 0 

0 4 

0 4 


The changes in the number of leucocytes and thrombocytes in the peripheral 
blood during the crisis are illustrated m figures 15a and b In all cases the dif' 
ferential coimts showed that the aplastic phase was accompanied by a granulo' 
cytopcnia down to about looo-xooo granulocytes per cu mm (cf table 5) 
thrombocytopenia varied from 30 to 100,000 thrombocytes per cu mm In one 0 
the patients (number z) the thrombopenic phase was accompanied by a- 
purpura The granulocytopenic phase was not accompanied by any aplasia of the 
granulocytopoietic tissue The number of leukoblasts and leukocytes per cu inffl 
of bone marrow was rather constant during the crisis as shown in table z and as 
may be calculated from table 4 The differential counts, however, showed a shift 
to the left during the granulocytopenic phase, with increasing number of proinyc' 
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locytes and myelocytes and decreasing number of mature forms This event is 
illustrated in table 6 and points to the fact that the initial phase of the crisis apart 
from an erythropoietic aplasia is accompanied by an arrest of maturation of the 
leukopoietic tissue The thrombocytopenia is likely to be explained in a similar 
way 

The number of lymphocytes and monocytes did not show any significant varia- 
tion during the crises 

The recovery from crisis is heralded by leukocytosis as the first sign of improve- 
ment in the condition The leukocytosis can attain a vaue up to 40,000 leukocytes 
per cu mm as in case 5 (cf fig 15a) and is accompanied by a shift to the left 
A short time after the leukocytosis, an increase of thrombocytes appears, and 
finally the reticulocyte crisis occurs This tram of events was constant in all cases, 
and seems to bear a relation to the life cycle and rate of maturation of the re- 
spective elements of the blood 

A moderate azotemia was constantly found during the anemic phase The 
concentration of blood urea increased to between 60 and 140 mg per 100 ml , and 
dropped to normal quite rapidly when the hemoglobin and red cell count began 
to increase 


Discussion 

The morphologic changes m the bone marrow which were demonstrated during 
crisis, together with the disappearance of the reticulocytes both from the peripheral 
and sternal blood, show that during the development of the anemia an acute 
aplastic condition is present in the erythropoietic tissue with complete cessation of 
the formation of red cells The spontaneous recovery is characterized by a rapid re- 
generation accompanied by a reticulocyte crisis in the peripheral blood 

Can this transient aplasia in the erythropoietic tissue fully explain the develop- 
ment and symptoms of the crisis, or is there at the same time an increased hemolysis 
as It is usually assumed? As is stated before, there is no positive sign which points 
to increased hemolysis, on the contrary, the serum color and urobilinuria both 
decrease during the development of anemia This was a constant finding in all 
cases, a condition which quite definitely contradicts the theory that an acute 
increase in the hemolytic processes is the reason for the crisis The finding points 
to the fact that the total destruction has a tendency to decrease as the anemia 
increases Thus, the formation of bilirubin is reduced, and the excretory capacity 
of the liver is sufficient to eliminate the coloring matter The theory that jaundice 
increases during the crisis does not appear to be founded on objective investiga- 
tions, and we believe it to be erroneous 

On the other hand, it is not a difficult matter to show that a sudden cessation 
in the formation of red cells in hemolytic jaundice will necessarily cause a rapid 
onset of anemia When blood formation ceases, the rate at which anemia develops 
will be dependent on the lifetime of the red cells Figure 16 shows that red cells 
from a patient with congenital hemolytic jaundice transfused to a normal indi- 
vidual, have a maximal lifetime of approximately fifteen days, while normal red 
cells transfused to a patient with hemolytic jaundice live about no - izo days 
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The test is carried out on another of our patients with compensated anemia, and 
the percentage of surviving red cells is determined with the help of Dacie and 
Mollison's (1943) modification of Ashby's (1919) differential agglutination 
technic The result is in accordance with earlier investigations, among others, 
those carried out by Dacie and Mollison (1943) These transfusion experiments 
show that the fundamental pathologic disturbance in congenital hemolytic 
jaundice is associated with the actual red cells and not with any pathologicallv 
mcreased destructive function of the spleen or the remaining reticulo-endothelial 
system as maintamed by Heilmeyer Ci935)> Bergenheim and Fdhraeus (1936) and 
others The determining feature of the short life span of the red cells is their 
spherocytic abnormality There is reason to assume that this lifetime is the same 
m the patient as after transfusion to a normal individual 
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DAYS AFTER TRANSFUSION 

Fio 16 The Survival of Erythrocytes from a Case of Congenital Hemolytic Jaundice, Man Aged 
38, Transfused to a Normal REapiENT, and the Survival of Normal Erthrocytes 
Transfused to the Patient (From own investigations to be published ) 

If we reckon an average lifetime of fifteen days in hemolytic jaundice, a sudden 
cessation in the formation will result in reduction in the number of circulating 
red cells to half in approximately seven to eight days, and in their total destruction 
in about fifteen days On inspecting the curve of increasmg anemia in figure z, we 
find a similar course, with a reduction of the red cell count to about half in ap- 
proximately SIX days, and if the curve is continued, total destruction in approxi- 
mately fifteen days This curve is an expression of the lifetime of the red cells in 
the patient as the formation is at a standstill, and wc find that this completely 
corresponds to the lifetime of red cells from cases of hemolytic jaundice transfused 
to a normal individual (cf fig 16) 

The development of the anemia, therefore, can be satisfactorily explained by the 
deficient blood formation, and there is nothing that points to the fact that these 
relapses are accompanied by any increase of the hemolytic or destructive processes 
The remaining symptoms of the crisis also have a natural explanation from this 
point of view 
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The increase in serum iron during the aplastic phase is a consequence of deficient 
consumption during this period, and the subsequent fall at the same time as the 
excessive hemoglobin formation sets in needs no further explanation 
The changes which are demonstrated in the granulocytes explain former in- 
congruities on this point Most hematologists have found leukocytosis as a typical 
feature in the symptomatology of the crisis, while others have found leukopenia 
The varying findings are due to the investigations being carried out at diiferent 
times during the development of the crisis It ought to be emphasised further 
that the neutrophilic leukocytosis is only an expression of rapid regeneration in 
a similar manner, which can be seen after hemorrhages, and in liver therapy in 
pernicious anemia This leukocytosis can not be made to account for any infectious 
etiology of the crisis as has been suggested 
The increase in the blood urea which occurs seems to be the result of a failing 
kidney function owing to the severe anemia, and the increase in uric acid in the 
blood may probably be related to the same disturbance 
Some earlier investigations have shown a very low reticulocyte count during 
crisis (Barber 1934, Murray-Lyon 1935), but these findings have not been further 
investigated Lyngar (1941) found in one case, however, signs of reduced ery- 
thropoietic tissue in the bone marrow, and indicated a possibility of reduction in 
formation of the red cells as a link in the pathogenesis of the crisis Dameshek 
(1941) has reported cases with leukopenia, thrombocytopenia and rcticulocyto- 
penia during aisis, and discusses these findings in the view of Heilmeyer's theory 
of a sudden splenic hyperactivity as the cause of the hemolytic crisis 
In conclusion, we can say from the investigations reported, that they support 
the opinion that congenital hemolytic jaundice is due to an abnormality in the 
red cells which makes them less resistant to the destructive function of the normal 
reticulo-endothelial system The lifetime is short and the compensatory new 
formation is therefore active 

The crises are due to a sudden cessation in the formation of red cells and a de- 
pression of the formation of granulocytes and thrombocytes because of a transitory 
acute aplasia in the erythropoietic tissue together with a maturation arrest in the 
granulocytopoietic and thrombocytopoietic tissue The crises ought, therefore, 
to be called aplastic crises, and not hemolytic crises 
The releasing factor of this acute aplasia is unknown, but the appearance of 
several cases together suggests that they can be produced by some extraneous 
reason, possibly infective 

Summary 

Six cases of congenital hemolytic jaundice with hemolytic” crises are re- 
ported It IS demonstrated that during the development of the anemia an acute 
aplastic condition is present in the erythropoietic tissue of the bone marrow with 
complete cessation of the formation of red cells The reticulocytes disappear from 
the blood, jaundice, serum bilirubin and urobilinuria decrease to normal values, 
md the serum iron increases This period is further characterized b\ leukopenia 
and thrombocN topenia 
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The spontaneous recovery is caused by a rapid regeneration of the erythropoietic 
tissue resulting in a marked reticulocytosis in the peripheral blood, and there is 
also leukocytosis, an increase in thrombocytes and a rapid fall of serum iron 
During the period of severe anemia an increase in the blood urea and uric acid 
occurs 

Transfusion experiments revealed an average lifetime of approximately fifteen 
days for the red cells in congenital hemolytic jaundice, a fact which fully explains 
the development and symptoms of the crisis as a result of cessation in the forma- 
tion of red cells 

The findings definitely contradict the theory that an acute increase in the 
hemolytic process is the reason for the crisis 

The crisis should be called aplastic and not hemolytic 
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STUDIES ON THE PANCYTOPENIA OF K ALA-AZAR 


By Captain George E Cartwright,* M C , A U S , Hui-Lan Chung, M D , 

AND An Chang, M D 

I T HAS long been recognized that visceral leishmaniasis (kala-azar) is ac- 
companied by marked changes in the peripheral blood, namely, pronounced 
leukopenia, anemia and thrombocytopenia Pathologically, the disease is 
characterized by a marked hyperplasia of the reticulo-endothelial system, par- 
ticularly of the spleen, liver, bone marrow and lymph nodes As a result of this 
reticulo-endothelial hyperplasia there is a marked enlargement of the spleen, and 
a moderate enlargement of the liver and lymph nodes The bone marrow is hyper- 
plastic and infiltrated with reticulo-endothelial cells, many of which are 
parasitized 

The anemia in kala-azar is moderately severe Kuroya, Young, Tang and Hong^ 
in a study of 151 cases in Kiangsu Province, China, found an average value of 
1,930,000 red cells per cu mm The lowest count was 700,000 Keefer, Khaw and 
Yang® m a study of 191 cases in Peiping found the red count in the majority of 
patients to be between i and 4 million per cu mm Similar values have been 
obtained by Young in Peiping,® Botzaris in Greece,^ Knowles,® Napier and 
Sharma,® Bramachari,® and Rogers^® in India, and Mo in Manchuria “ In the 
majority of patients it has been reported that the hemoglobin is reduced in propor- 
tion to the erythrocyte count Kuroya et al ^ reported the mean color index in 
their 150 cases to be o 9 with a range of o 63 to i 50 Similar results were obtained 
by Mo “ Napier and Sharma® have reported a mean of o 885 in 47 Indian cases 
Botzaris'^ found the color index to be low in 5 cases, normal in z and high in z 
The size of the red cells in kala-azar has not been studied extensively Napier 
and Sharma,® using an Eve halometer, report a mean diameter of 7 559 m -in zz 
cases prior to treatment and a mean diameter of 7 375 /x following treatment 
Kuroya, Young, Tang and Hong^ studied the mean cell diameter in 35 cases The 
values varied from 7 03 ^ to 8 X5 n with an average of 7 81 11 which they considered 
normal In x8 6 per cent of the cases the mean diameters were increased, in 17 z 
per cent reduced, and in 54 3 per cent normal The Pnee-Jones curves showed a 
spreading of the base and a flattening of the peak Curves having a tendency to 
shift to the right were comparatively numerous The variation in width of the 
erythrocyte diameters was 5 z Therefore, there was an abnormal amount of 
anisocytosis in most of the cases There are no reports in the literature concern- 
ing mean corpuscular volume or mean corpuscular hemoglobin concentration 
Most authors agree that in kala-azar there is a slight reticulocytosis In a series 
of 141 cases'* values less than i o per cent were recorded in X3 cases (16 3 per cent), 
11-30 per cent in 39 cases (48 9 per cent), 31-50 per cent in 34 cases (x4 i per 

From the Department of Medicine, Chung Ho (Central) Hospital, Peiping, China 
* While on lease. Department of Medicine, Unnersit) of Utah School of Medicine, Salt Lake Cm, 
Utah 
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cent), and above 5 i per cent in 15 cases (10 6 per cent) The mean value in this 
group was x 8 per cent In another series of 47 cases’ the mean reticulocyte per- 
centage was reported to be x 07 Keefer, Khaw and Yang® state in reference to 
their 191 cases “The reticulocytes are slightly increased, they are seldom above 
four per cent 

Normoblasts in the peripheral blood in kala-azar are not a constant or prominent 
feature Napier and Sharma’ report that in 47 cases with anemia no nucleated 
red blood cells were observed Kuroya, Young, Tang and Hong'* found normoblasts 
in the peripheral blood in only x6 of 151 cases examined In 19 of these the normo- 
blasts numbered i to x per 100 white cells, in 6 cases 3 to 6 per 100 white cells, 
while in one case the number reached 19 Keefer, Khaw and Yang® in a study of 
191 cases state ‘ Signs of blood regeneration are usually lacking when one ex- 
amines the peripheral blood We have never seen nucleated red blood cells 
Several authors have stated that normoblasts frequently appear in the blood but 
not in great numbers « - s u it must be remembered that iron deficiency, a condition 
in which normoblasts appear in the peripheral blood, may have been a compli- 
cating factor in some of the patients 

Polychromatophilia, stippling and poikilocytosis are rarely observed in kala- 
azar ■* ^ Polychromatophilia has been reported in x8 out of 151 cases but then only 
in small numbers “* Stippling was seen in only one case Knowles® and Botzaris^ 
reported a moderate degree of poikilocytosis but Kuroya et al "* were unable to 
confirm this 

The characteristic leukopenia in kala-azar was first described by Rogers in 1904 
He stated that if the proportion of leukocytes to red corpuscles is less than i 1500, 
the patient is probably suffering from kala-azar Manson-Bahr^® states that the 
reduction in the number of leukocytes is persistent and that usually the proportion 
of leukocytes to red blood corpuscles is reduced to i xooo - 4000 The leukopenia 
has subsequently been confirmed by many authors ‘*~® “ Kuroya, Young, Tang 
and Hong'* in their cases found the total leukocyte count below 1000 in x 7 pet 
cent, 1000 - 1000 in xi 9 per cent, xooo - 3000 in 34 4 per cent, 3000 - 4000 in 19 2. 
per cent, 4000 - 5000 in 13 x per cent and in only 8 6 per cent was the leukocyte 
count above 5000 The lowest count was 740 and the highest 11,740 The average 
leukocyte count was 305X per cu mm This is slightly lower than that reported 
by Young,® Knowles® and Mo ** 

The leukopenia of kala-azar is due mainly to a neutropenia Both the percentage 
and the absolute number of neutrophilic leukocytes are markedly reduced There 
is a distinct shift to the left as far as the number of juvenile neutrophils is concerned 
but in one senes of 15 1 cases myelocytes were seen in only one case ■* Toxic granules 
are very few The eosinophils generally decrease in numbers or disappear entirely 
from the blood Basophils occur in normal numbers Plasma cells are occasionally 
observed The percentage of lymphocytes is generally increased to about 50 The 
absolute number of lymphocytes is moderately reduced Several authors have 
reported that both the percentage and the absolute number of monocytes show an 
increase ® ® On the other hand, other authors state that the monocytes show an 
increased percentage, but the absolute count is normal or less than normal 
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Kuroya, Young, Tang and Hong^ found that the monocytes were less than lo per 
cent in 71 per cent of their cases In only 8 6 per cent was the monocyte count above 
15 per cent Similar findings have been reported by Botzaris ^ 

From the differential white cell studies reported it can be concluded that the 
characteristic leukopenia of kala-azar is mainly due to the great reduction of 
neutrophilic leukocytes, the other classes of leukocytes playing only a minor 
role Acute agranulocytosis has been reported to occur in patients with kala- 
azar 

One of the outstanding clinical features of kala-azar is a hemorrhagic tendency 
Epistaxis and bleeding from the mucous membranes are frequent although frank 
purpura is rare The hemorrhagic tendency resembles purpura hemorrhagica in 
that there is a prolonged bleeding time, a normal coagulation time, a nonretractile 
clot, and in some instances a positive tourniquet test Darling^® in 1911 was the 
first to comment on the change in blood platelets when he stated ’ ‘Judging from 
films from the peripheral blood and spleen, there is a very marked reduction in the 
number of platelets ” In 1930 Yang and Ch’en^® confirmed Darling’s observation 
The platelets in their X3 cases varied from 50,000 to 100,000 per cu mm Kuroya, 
Young, Tang and Hong'* performed platelet counts on 117 patients The count was 
below 40,000 per cu mm in x} per cent, between 40,000 and 80,000 in 4z per cent, 
between 80,000 and ixo,ooo in 18 per cent, between iio,ooo and 160,000 in ii per 
cent, and above 160,000 in 6 per cent with an average for all cases studied of 
76,763 per cu mm 

Detailed studies of the bone marrow in kala-azar with differential cell counts 
have not been reported Most of the studies are only gross estimates obtained firom 
postmortem specimens stained with hematoxylin-eosin These studies for the most 
part have been made on patients in the advanced stage of the disease Differential 
ceil studies done on thin smears stained with Wright’s stain and taken in the early 
stages of the disease are lacking Consequently, there is considerable discrepancy 
in the literature as to the changes in the marrow Chatterjee, on the basis of the 
postmortem femoral bone marrow studies of hematoxylin-eosin preparations in 
6 patients, divides the marrow into three stages In the first and earliest stage a 
differential count gave the following proportion of cells myeloid, X3 per cent, 
erythroid, x^ per cent, clasmatocytes, 45 per cent, other cells, 7 per cent About 30 
per cent of the clasmatocytes were parasitized In the second stage the total number 
of cells had become fewer and the differential count of one case was as follows 
myeloid, 30 per cent, erythroid, 40 per cent, clasmatocytes, 5 per cent, other cells, 
X5 per cent Almost all of the clasmatocytes were parasitized In the third, or more 
advanced stage, the total number of cells had become even fewer, the cells of the 
myeloid senes being diminished A differential count from one case was as follows 
myeloid cells, ii per cent, erythroid, 50 per cent, clasmatocytes, 10 per cent, other 
cells, X9 per cent Many of the erythropoietic cells, it is stated, were megaloblasts 
This finding led the author to state The appearance of megaloblasts and a large 
number of erythroblasts may be associated with the increasing anemia which oc- 
curs in this condition and which might ultimately turn into an anemia of the 
macrocvtic t\pc ” Pine),*® on the other hand, states that the er}throid cells are 
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markedly decreased to less than 8 per cent and that there is a marked increase of the 
lymphocytes and monocytes in the marrow to about 55 per cent Meleney^“ studied 
the rib marrow in one case of kala-azar in man and reported “This marrow con- 
tams no fat, and approximately 80 per cent of the space is occupied by clasmato- 
cytes, packed closely together into definite clasmatocyte tissue The normal 
hematopoiesis is almost entirely absent, especially erythropoiesis Most of the 
cells aside from the clasmatocytes seem to be lymphocytes There are a few mye- 
locytes and megakaryocytes ’’ Hu,^® in a somewhat more extensive, although still 
not a detailed study of the bone marrow in human kala-azar, reported similar 
changes The marrows were hyperplastic and contained many reticulo-endothelial 
cells The number of myelocytes was increased, but the metamyelocytes and 
leukocytes were either greatly reduced in number or entirely absent The number of 
normoblasts was moderately increased in a few cases, but in most instances the 
number was either normal or decreased Plasma cells were prominent The mega- 
karyocytes were reduced from 3 to 4 per high power field to an average of about x 
per high power field Hu and Cash^^ studied the bone marrow of two patients 
coming to autopsy and report “The bone marrow of the femur consisted in a solid 
mass of firm, dark, grayish red tissue, which microscopically was found to consist 
mainly of all forms of myeloid cells and nucleated red blood corpuscles Such a 
degree of hematopoietic activity is rarely seen other than in cases of permcious 
anemia Many megakaryocytes and a number of large phagocytic cells similar to 
those seen in the spleen were present “ 

In hamsters^^ and squirrels^'* experimentally infected with kala-azar the bone 
marrow is hyperplastic due to an increase in the number of reticulo-endothelial 
cells Chung and Ch’in^^ state “In squirrels infected with kala-azar the bone 
marrow shows the most marked hyperplasia of the reticulo-endothelial cells, as 
compared with other organs About three-fourths or more of the marrow space is 
occupied by these cells It is true that all of the blood elements of an active marrow 
are present But when one considers the preponderance of the reticulo-endothelial 
cells, one cannot get away from the impression that the myelogenic and erythro- 
genic elements are actually being crowded out by the reticulo-endothelial cells 
In fact, these cells show such an active proliferation that they come to resemble a 
malignant tumor growth invading or crowding out the marrow tissue ’ Meleney^® 
has reported similar findings in hamsters 

The pathogenesis of the pancytopenia is poorly understood Most students 
of the disease have offered the theory,"* ^ and it has been generally 

accepted, that the hematologic changes are the result of impairment of the hema- 
topoietic function of the bone marrow which is destroyed mechanically by the 
overgrowth of parasitized reticulo-endothelial cells, that is, myelophthisic anemia 
The evidence for this rests solely in the demonstration of numerous reticulo- 
endothelial cells in the marrow and much of this evidence has been obtained 
from the animal experiments mentioned above Napier and Sharma® suggested 
that the anemia is due to excessive hemolysis They based their conclusions on the 
slight reticulocytosis, the presence of an indirect blood Van den Bergh reaction, 
and the presence of urobilinuria It has since been suggested that the urobilinuria 
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IS due to hepatic insuflkicncy Mo” has pointed out that the erythrocyte fragility 
IS normal Furthermore, the hemolytic theory does not explain the leukopenia and 
thrombocytopenia 

It IS now recognized that in many conditions in which there is enlargement 
of the spleen due to hyperplasia of the reticulo-endothelial system there is an 
accompanying anemia, leukopenia, thrombocytopenia and hyperplasia of the 
bone marrow Following splenectomy the cellular elements of the blood and 
bone marrow rapidly return to normal These manifestations have been grouped 
together under the term "hypersplenism ” Any one (thrombocytopenic purpura, 
congenital hemolytic icterus, primary splenic neutropenia) or all (primary splenic 
pancytopenia) of the cellular elements of the blood may be affected The patho- 
genesis of the hematologic changes is in dispute One group-® holds that a hormonal 
relation exists betw^cen the spleen and the bone marrow The other^® fosters the 
“phagocytic hypothesis," in which the anemia, leukopenia and thrombocytopenia 
are thought to be due to increased phagocytic activities of the enlarged spleen 
Since in kala-azar there is marked proliferation of the reticulo-endothelial system 
and consequent splenomegaly, the possibility that the blood changes are due 
entirely or at least in part, to hyperfunction of the spleen must be seriously con- 
sidered Splenectomy has been reported to be beneficial in kala-azar^® but 
unfortunately the blood changes were not followed closely and the patients 
received antimony prior to splenectomy A careful study of the effect of this 
procedure alone on the blood has not been reported 

Materials 

The case material for this study consisted of 143 patients with kala-azar Twenty- 
five of these have been previously reported by one of us (H L C )®® All patients 
gave a history characteristic of the disease None had received specific therapy 
prior to study The diagnosis in each case was proved by the demonstration of 
Letshmama donovam in material from either sternal marrow puncture or splemc 
puncture One-hundred and twenty-four cases were uncomplicated 
Twenty-seven patients were studied in detail and this group comprises the 
main body of this report All of these except 5 were hospitalized for study The 
significant clinical data for this group are presented in table i Eighteen of the 
patients had uncomplicated kala-azar In general, the majority of these patients 
were in the intermediate stage of the disease Follow-up studies after the onset of 
specific therapy were available in ix patients 

Methods 

Blood Counts These were performed in the usual manner according to 
Wintrobe 

Htmoglobtn For these determinations the Sahli hemoglobinometer was used 
Peripheral Blood Smears Smears were prepared by the cover-glass technic®” 
and stained with Wright s stain Differential white cell counts were performed 
on 100 cells, and the morphology of the red cells noted 

Peripheral Platelet Counts The counts were made indirectly by determining the 



2-54 


STUDIES ON PANCYTOPENIA OP KALA-AZAR 


number of platelets per looo red cells in the blood smear The number of platelets 
per cu mm of blood was then calculated from the red count which was done at the 
same time In normal Chinese we found the platelet count to vary between x88,ooo 
and 384,000 with an average of 330,000 per cu mm 
Glohnhn Test From an ordinary skin puncture zo cu mm of blood was taken 
into a hemoglobin pipet and transferred immediately into a clean test tube (7-8 


Table i — Clnttcal Data 


Patient 

Age in 
Ycar^ 

Sex 

Duration 
of Symp- 
toms in 
Months 

Size of 
Li\ cr 
cm * 

Size of 
Spleen 
cm * 

History of 
Bleeding 
Tendency 

Globulin 

Test 

Comment 

I 

9 

F 

X 

1 

5 

9 

— 

4+ 

Uncomplicated 

X 

X 

M 

X 

3 

4 

— 

4+ 

Uncomplicated 

3 

4 

F 

4 

X 

6 

+ 

3 + 

Uncomplicated 

5 

6 

M 

7 

7 

IX 

+ 

4+ 

Uncomplicated 

6 

x6 

F 

I 

X 

6 

-f 

3 + 

Uncomplicated 

7 

II 

M 

7 

5 

23 

-f 

4+ 

Uncomplicated 

8 

X 

M 

4 

3 

6 

-f 

3 + 

Uncomplicated 

9 

25 

F 

1 I 

3 

4 

— 

3 + 

Uncomplicated 

10 

18 

M 

4 

4 

18 

+ 

z-f 

Uncomplicated 

II 

IX 

F 

I 

0 

I 

— 

1 + 

Uncomplicated 

15 

z8 

M 

6 

5 

II 

— 

4+ 

Uncomplicated 

19 

34 

F 

4 

5 

7 

+ 

4+ 

Uncomplicated 

XX 

9 

F 

I 

4 

8 

— 

1 

Uncomplicated 

2-3 

23 

M 

1 I 

3 

5 

— 

0 

Uncomplicated 

2-4 

XO 

M 

8 

6 

18 

+ 

4+ 

Uncomplicated 

2-5 

8 

M 

^4 

I 

10 

+ 

4 + 

Uncomplicated 

x6 

2-3 

M 

3 

X 

8 

+ 

3 + 

Uncomplicated 

2-7 

57 

F 

I 

5 

5 


3 + 

Uncomplicated 

4 

10 

F 

3 

X 

' 7 

-f 

3 + 

Noma, mild 

IZ 

z8 

M 

? 

9 

25 

— 

4+ 

Tuberculosis, active. Noma, 





1 


1 


moderate 

23 

10 

M 

IX 

1 ^ 

23 

+ 

3 + 

Noma, moderate 

24 

X 

F 

5 

3 

7 


3 + 

Noma, sea ere 

16 

X 

M 

X 

3 

4 

+ 

0 

Bronchitis, severe 

27 

3 

M 

6 

4 

8 

+ 

0 

Pneumonia, died 

18 

5 

M 

5 

3 

9 

-f 

4+ 

Noma, severe 

xo 

7 

M 

10 

X 1 

25 

+ 

4+ 

Noma, severe 

XI 

X 

F 

3 

5 

X 

— 

4+ 

Pneumonia, died 


* Measured in cm below costal margin in the mid-clavicular line 
F — Female, M — Male 


mm in diameter) containing o 6 cc of distilled water The contents of the tube 
were mixed by whirlmg in the hand The tube was then allowed to stand vertically 
without further shaking and examined at intervals of 5, 15, 30 and 60 minutes 
A haziness at the end of 5 minutes was taken to indicate a positive test A definite 
settling of the precipitate within 15 minutes was recorded as 4 plus, definite 
settling of the precipitate within 15 to 30 minutes as 3 plus, definite settling 
bcc\^ccn 30 and 60 minutes as z plus, and a haziness with a fine precipitate but no 
sediment after one hour as one plus 
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[F StcDial Vuucture This was performed by the introduction of a large lumbar- 
puncture needle into the marrow space A small amount of marrow fluid, usually 
less than o 3 cc , was withdrawn into a clean dry s}’Tinge and thin cover-glass 



Fig I Sho%Mng the degree of 'incmia in 114 patients tMth uncomplicated kala-azar 



Fig 2. Showing the leukocyte count in 1x4 patients with uncomplicated kala-azar 


preparations drawn and stained with Wright's stain The cover-glasses were 
then fixed to glass slides with neutral Canada balsam After examining three such 
preparations the percentage of reticulo-endothelial cells was estimated Because 
of the tendency of these cells to clump m the thick sections of the preparations 
and because of their extreme fragility in the thin sections precise counts were not 
possible The percentage of these cells parasitized was also estimated Differential 
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counts on the bone marrow cells were done on 500 to 1000 cells, exclusive of 
reticulo-endothelial cells and megakaryocytes, and the percentage of each ac- 
curately determined The total number of megakaryocytes per million nucleated 
cells was determined by pasting a 10 x 10 mm square cut out of paper over each of 
three cover-glass preparations This area represented approximately 8000 oil 
immersion fields The number of nucleated cells in each area was estimated by 
accurately enumerating the nucleated cells, including the reticulo-endothelial 



Fig 3 Showing the relation between the duration of symptoms and the hemoglobin (ii6 patients) 
leukocyte count CioS patients) and platelet count (36 patients) in uncomplicated kala-azar 

cells, in three oil immersion fields in each corner and the center The megakaryo- 
cytes in each of the three 10 x 10 mm squares were counted and the number per 
million nucleated cells calculated and averaged To determine the percentage of 
megakaryocytes forming platelets at least 50 megakaryocytes were counted 

The values for the relative numbers of nucleated cells in the normal bone marrow 
were taken from Wintrobe These values agree closely with those found by us in 
normal marrow The total number of megakaryocytes per million nucleated cells 
was determined in 10 normal marrows The values were found to range from 85 to 
xoo with an average of 142. The percentage of megakaryocytes forming platelets in 
normal marrow was found to vary from 55 to 87 The average percentage was 75 
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In attempting to interpret the correlation between the duration of the symptoms 
and the blood counts (fig 3), the size of the spleen and the blood counts (fig 4) 



Fig 4 Showing the relation between the size of the spleen and the hemoglobin (117 patients). 
Icnkocyte count (117 patients) and platelet count (36 patients) in uncomplicated kala-azar 



Fig 3 Showing the relation of the size of the spleen and the durauon of symptoms 

and the duration of symptoms and the size of the spleen (fig 5) certain considera- 
tions must be kept in mind Many patients were unable to remember clearly the 
exact time of onset of symptoms The size of the spleen was measured in one 
diameter only and the size of the spleen in relation to the size of the patient was 
not considered Characteristic of kala-azar are remissions and relapses rather than 
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a gradually progressive course The curves are plotted from a large body of data 
They are shown to represent the general trend A particular patient might not be 
expected to fit exactly in this scheme 

Observations 
A peripheral blood 

I Ammta The distribution of the hemoglobin values in 1x4 uncomplicated 
cases is shown in figure i The average value for the entire group was 8 3 grams 
per cent The anemia at times was severe In 33 per cent of the patients the hemo- 
globin was less than 7 grams per cent As shown in figure 3 significant anemia 
10 6 Gm per cent) was usually present shortly after the onset of symptoms and 
was thereafter gradually progressive, reaching an average value of about 5 grams 
per cent in 7.4 months if the disease remained untreated In patients with kala-azar 
and an associated bacterial infection the anemia was more severe (average for 19 
patients, 7 x grams per cent) The correlation between the size of the spleen and 
the degree of anemia is demonstrated in figure 4 By the time the spleen had 
become palpable there was a significant degree of anemia (ii 1 Gm per cent 
hemoglobin) and thereafter the anemia increased in proportion to the splcmc 
enlargement 

X Ked Cell Morphology The red cell morphology was studied in xy cases (tabic 
x) Facilities were not available for determining the mean corpuscular volume 
Judging from the appearance of the red cells in the thin smears the anemia was 
normocytic The average color index for the group was i o A significant degree of 
macrocytosis was observed in only two smears and complications were present in 
both patients Neither microcytosis nor hypochromia were observed A moderate 
amount of anisocytosis was generally present but poikilocytosis of significant 
degree was observed in only 4 of the uncomplicated cases Polychromatophilia 
and stippling were not seen in uncomplicated kala-azar whereas a significant degree 
of polychromatophilia was seen in 3 of the 9 patients with complications Nu- 
cleated red cells were observed in the peripheral blood in only 5 of the xy patients 
and then never in large numbers Three of the 5 patients with nucleated red cells in 
the peripheral blood presented complications 

3 Lenkopema As demonstrated in table x and figure x, leukopenia was an 
almost constant feature of uncomplicated kala-azar The average white cell count 
for the group of 1x4 patients was X835 per cu mm The highest white count 
observed was 7x50 Only 16 of the patients (ix 9 per cent) had a white count 
above 5000 per cu mm , all of these being early cases Leukopenia was invariably 
present in late uncomplicated kala-azar The leukopenia developed early, about 
the time of the onset of symptoms, and thereafter became only slightly more 
severe (fig 3) The reduction in the white count appears to correspond closely to 
the degree of splenic enlargement (fig 4) Leukopenia was usually present at the 
time the spleen was first palpable 

The white count in the patients with bacterial infections in addition to kala- 
azar was variable (table x) Leukopenia was present in 4, a normal leukocyte 
count in 3 and a leukocjuosis in x The latter response is demonstrated in figure 6 
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Following treatment of the severe noma with penicillin the white count fell from 
18,000 to 40C0 per cu mm and after specific antileishmanial therapy returned to 
6zoo 


Taiile i — Peripheral Blood Studies 
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RBC Morphology* 
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Patient 

RBC 
Million/ 
c mm 

ICfdjjTia 

B C 
per 
c mm 

Platelets tho 
sands/c mr 

Myelocytes 

^3 

2- 

Ncu- 

tn>- 

phils 

Eosinophils 

Basophils 

Lym- 

pho- 

cytes 

Monocytes 

Nucleated 

Rn c 

Size 

Anisocyto- 

sis 

Poikilocy- 

tosis 

Polychroma- 

tophilia 

Stippling 

I 

X 

IX 

6 

8 

M 50 

105 

0 


16 

0 

0 

67 

10 

B 


1+ 

0 

0 

0 

X 

4 

45 

13 

0 

4100 

98 

0 



I 

0 

75 

6 

B 

N 

2-+ 

2 + 

0 

0 

3 

5 

S5 

13 

9 

4500 

1x8 

0 


18 

I 

0 

66 

II 

0 

N 

2+ 

0 

0 

0 

5 

X 

88 

II 

8 


105 

I 


2-9 

X 

I 

47 


0 

N 

1+ 

0 

0 

0 

6 

3 

10 

9 

4 

X 750 

275 

0 

5 

52- 

0 

0 

35 

8 

0 

N 

0 

0 

0 

0 

7 

3 

10 

9 

0 

2-350 

65 

0 

X 

30 

0 

0 

55 

23 

0 

N 

0 

0 

0 

0 

8 

X 

10 

6 

0 

2 - 95 ° 

109 

0 

X 

29 

0 

0 

66 

10 

3 

N 

1+ 

0 

0 

0 

9 

3 

74 

9 

4 

4100 

2-35 

0 

X 

37 

0 

0 

58 

3 

0 

N 

0 

0 

0 

0 

10 

3 

2-5 

9 

X 

3100 

no 

0 

I 

70 

0 

0 




N 

1+ 

1 + 

0 

0 

II 

4 

45 

IX 

5 

3500 

2-67 

0 

5 

48 

0 





N 

1+ 

0 

0 

0 

15 

3 

68 

10 

X 

1900 

I XX 

0 

8 

xo 

0 





N 

1+ 

0 

0 

0 

19 

I 

56 

5 

8 

1700 

104 

0 

4 

36 





B 

N 

1+ 

0 

0 

0 


B 

05 

7 

4 

xooo 

X56 

0 

6 

IX 

0 




B 

N 

3+ 

1+ 

0 

0 


3 

IX 

9 

4 

X300 

2-50 

0 

14 

40 

0 




B 

N 

1+ 

0 

0 

0 



40 

10 

0 

1500 

96 

0 

4 

45 

0 




B 

N 

1+ 

0 

0 

0 



^3 

6 

X 

3050 

1x7 

0 

5 

18 

0 




B 

N 

x-f 

1+ 

0 

0 


E 

80 

9 

9 

1600 

180 

0 

10 

36 

0 




0 

N 

1+ 

0 

0 

0 


1 

IX 

11 

0 

X300 

2-47 

0 

25 

48 

0 

1 

33 

3 

0 

N 

1+ 

0 

0 

0 

Aver 

3 

XX 

9 

5 

1786 

254 

0 

5 7 

32- 7 

0 X 

0 X 

52- 2- 

8 8 

0 X 

N 

1+ 

0 

0 

0 


Patients with Complications 


4 

3 56 

II 

0 

X5OO 

287 

0 

5 

38 

0 

0 ' 

47 

10 

0 

N 

1 + 

0 

0 

0 

IX 

2- 54 

7 

X 

x8oo 

H 

00 

0 

9 

51 

0 

0 

30 

10 

0 

N 

0 

0 

0 

0 

23 

2 36 

4 

7 

3700 

34 

0 

6 

43 

0 

0 

42- 

7 

X 

N 

2.-1- 

0 

I-b 

0 

24 

X 01 

5 

0 

6500 

140 

0 

3 

XX 

0 

0 

2-9 

45 

I 

M 

2--1- 

2--1- 

X-f- 

0 

16 1 

X IX 

9 

0 

8600 

223 

I 

7 

30 

0 

I 

57 

3 

I 

M 

2--1- 

0 

2--f- 

0 

27 

3 2 X 

10 

0 

IXIOO 

109 

0 

I24 

53 

0 

0 

2-5 

8 

0 

N 

1 + 

1 + 

0 

0 

18 

3 06 

9 

6 

18800 

244 

0 

5 

59 

0 

0 

32 

5 

0 

N 

0 

0 

0 

0 

xo 

X 46 

7 

7 

6300 

158 

0 

4 

42- 

0 

0 

45 

9 

0 

N 

3 + 


0 

0 

XI 

0 81 

3 

0 

3400 

52 

0 

6 

33 

0 

0 

55 

6 

0 

N 

i-H 

0 

0 

0 


* N — Normocyuc, M — Macrocytic 


4 Dtfferantal Leukocyte Count The most conspicuous change in the differential 
count was a reduction in the neutrophils (table x) In uncomplicated cases the 
neutrophils were reduced to an average of 3X 7 per cent This was a reduction in 
the absolute number from about 4000 to 910 per cu mm A significant “shift” of 
the nuclei, either to the left or to the right, was not noted The proportion of 
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metamyelocytes was not increased significantly and the absolute number was 
reduced by less than one-half A single myelocyte was seen in two smears Toxic 
granules in the neutrophils were not evident Plasma cells were occasionally seen 
Although the percentage of lymphocytes was increased to an average of 5X i per 
cent, the absolute number of lymphocytes was reduced from the normal of about 
2.100 to 1450 per cu mm The percentage of monocytes was slightly above normal 
but again the absolute number was reduced (2.45 per cu mm average) Eosinophils 
were seen in only 3 smears and then not above z per cent Basophils were also 
rarely seen 

5 Platelets The platelet count in the majority of the patients was reduced 
(table x) In the uncomplicated cases the average platelet count was 103,000 per 
cu mm , as compared with the normal average value of 330,000 per cu mm 
obtained by us under the conditions of this study As seen in figure 3 the thrombo- 
cytopenia developed somewhat later than the anemia and leukopenia Significant 
thrombocytopenia was generally not present until about two months following the 
onset of symptoms After this time the platelet count fell rapidly As the spleen 
enlarged the platelet count became progressively lower (fig 4) A prolongation 
of the bleeding time and in most cases a positive tourniquet test were associated 
with the thrombocytopenia, although frank purpura was present in only one of the 
143 patients When complicating infections were present the thrombocytopenia 
was generally more severe In one patient (no xi), critically ill with lobar pneu- 
monia, the platelet count was reduced to 51,000 per cu mm and the bleeding time 
was increased to 30 minutes Another patient (no 13), ivith severe noma, had a 
platelet count of only 34,000 and a bleeding time of seven minutes However, 
in one patient with complicating diphtheria the platelet count was 306,000 per 
cu mm even though symptoms of kala-azar had been present for six months 

B BONE MARROW 

I Hyperplasia The bone marrow in kala-azar was consistently hyperplastic 
Thin smears and imprints of sternal marrow were exceedingly cellular Globules 
of fat were rarely seen Indeed it was even difficult to obtain a thin smear because of 
the ccllularity of the marrow Biopsy specimens of the sternal marrow stained 
with hematoxylin-eosin contained little fat and showed hyperplasia of the reticulo- 
endothelial tissue as well as blood forming tissue 

X Peticulo-endothehal Cells Much of the hyperplasia in the sternal marrow 
could be accounted for by the increase in rcticulo-cndothelial cells These cells, it 
was estimated, constituted from 5 to 50 per cent of all the cells in the sternal 
marrow (table 3) In about half the cases less than i per cent of the reticulo- 
endothelial cells were parasitized but in one patient (no xo) as many as 60 per 
cent were estimated to be parasitized Even in the marrows with 40 to 50 per cent 
reticulo-cndothelial cells, large numbers of bone marrow cells were present In no 
case did there appear to be growth of reticulo-endothclial cells at the expense of 
the normal blood forming tissue There was a tendency for the proportion of 
reticulo-endothelial cells to increase with the duration of the disease but there 
was a very poor correlation between the proportion of these cells and the seventy 
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of the anemia, leukopenia and thrombocytopenia Leukopenia appears to precede 
any great growth of reticulo-endotheliai cells in the marrow (patients nos 4, 
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Figures given are in per cent except where stated otherwise 
* Estimated and not included in the bone marrow differential calculations 
t Estimated 

1 Not included in the bone marrow differential calculation 
~ Less than 


II, IX, XI, z6) Photomicrographs of parasitized reticulo-endothelial cells are 
presented in figure 7 

3 Ltukocytes The most striking alteration of the leukocytes was in the poly- 
morphonuclear neutrophils These cells were reduced to less than 8 per cent from 
the normal of about xo per cent This reduction appeared to take place early The 
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average value for the 6 uncomplicated cases of approximately one month’s duration 
was 6 4 per cent whereas the average value for the group was 5 4 per cent This 
diminution in the adult neutrophils appears to be the first change to take place 
in the bone marrow This coincides with the finding of leukopenia in the peripheral 
blood early in the course of the disease The percentage of myeloblasts, promyelo- 
cytes, neutrophilic myelocytes and metamyelocytes was not significantly altered in 
most patients, although the metamyelocytes as well as the adult neutrophils were 



Doya 

Fig 6 Patient (no i8) with kala-azar and severe noma associated with leukocytosis and ncutro 
philia Note the development of leukopenia and neutropenia following treatment of the noma wi 
penicillin (i 15 million units intramuscularly) and the return to normal with specific antilcis mania 
therapy 

markedly diminished m the one case of extremely long duration (no xy) The 
eosinophilic myelocytes and adult eosinophils were reduced in numbers, especially 
in the late cases where they were rarely if at all encountered during the examina- 
tion of 500 to 1000 cells Basophilic cells were more infrequently seen than nor- 
mally Lymphocytes and monocytes were present in normal numbers The gran- 
ulocyte-non granulocyte ratio was reduced from approximately 5 i to i 6 i 
The proportion of plasma cells was increased from o 4 per cent to an average of x 8 
per cent 

4 Erythrotd Cells Erythroid cells were numerous in the bone marrow in kala- 
azar, constituting about 36 per cent (normal, xx per cent) of all cells, exclusive of 





Fig 7 Showing parasitized rcticulo-cndothclial cells in the sternal marrow 



Size of Spleen m cm 

Fig S Show mg the reduction in the m) cloid Ocukoc) cc)-cn throid ratio with progrcssite enlarge- 
ment of the spleen 

2.63 
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reticulo-endothelial cells The majority of nucleated red cells were polychromatic 
normoblasts Megaloblasts were not encountered and there was no increase in 
early forms of nucleated red cells The Icukocyte-erythroid ratio was shifted from 
the normal of approximately 3 5 i to an average of i 8 i (table 3) This ratio 
decreased as the size of the spleen increased, as shown in figure 8 The granulocyte- 
erythroid ratio was diminished from 3 i to i z i 







I 





Fig 5 Typical megakaryocytes from the bone marrow m untreated kala-azar Note the absence of 
platelet formation around the periphery of the cytoplasm of the cells 


5 Megakaiyocytes The relative number of megakaryocytes in the sternal 
marrow of the uncomplicated cases varied considerably The number was less than 
normal in 6, normal in ii and slightly greater than normal in one The number 
of megakaryocytes per million nucleated cells (including reticulo-endothelial 
cells) for the entire group of uncomplicated cases averaged ixz, as compared with 
the normal of 142. In view of the fact that the reticulo-endothelial cells were 
increased in numbers, the ratio of megakaryocytes to nucleated blood forming 
cells was somewhat higher The relative number of megakaryocytes m the 9- 
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patients complicated by other diseases was less than normal in 8 and normal in 
only one 

Staining abnormalities were noted in many of the adult megakaryocytes 
Their cytoplasm was less granular and took on a purplish hue The nuclei of 
many of these cells appeared somewhat degenerated No striking abnormalities 
were noted in the differential counts of the m.egakaryocytes although this was 



Fig io Typical megakaryocytes from normal sternal marrow Note the moderate platelet formation 
around the periphery of the cells 

not Studied in detail All forms from racgakaryoblasts through adult megakaryo- 
cytes were present The latter were more frequently seen than any other form 
Platelet production from the megakaryocytes was found to be markedly reduced 
In normal marrow approximately 75 per cent (55 to 87) of the megakaryocytes 
were found to contain platelets or platelet-hke bodies at the peripheries of their 
cytoplasms, whereas in kala-azar platelet production was obvious in only about 
32. per cent and then never to any great extent (fig 9) In normal marrow as many 
as 60 or more platelets could be seen attached to the periphery of the cytoplasm of 
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the megakaryocytes and it was not unusual to find between lo and 50 (fig 10) 
In the kala-azar marrows there generally were less than 10 platelets surrounding 
the relatively few platelet-producing megakaryocytes In only 4 of the marrows 
was platelet production from megakaryocytes normal and all of these were ex- 


Taple 4 Blood and Sternal Varrow Studies Tollowing Specific Therapij 
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tremely early cases (nos 9, n, i?) Free platelets were scarce in the bone 
marrow preparations Large groups of platelets, such as are noted in norma 
marrow, were almost never seen 

6 Changes tn the Sternal Marrow During Therapy Follow-up studies were aval - 
able in 12. patients under treatment These studies are presented in table 4 Due to 
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existing circumstances a variety of antileishmanial drugs, American, German, 
British, and Japanese, was used Some of these were more efficacious than others 
The response of 8 of the patients (nos 4-6, 9, 13-15, 18) was good, in 4 (nos 7, 8, 
16, io) the response was poor The changes in the peripheral blood of one patient 
(no 18) during treatment are presented in figure 6 

During effective therapy parasitized reticulo-endothelial cells rapidly disap- 
peared and the percentage of reticulo-endothelial cells gradually diminished 
There was a shift" of the leukocytes of the bone marrow to the right The 
proportion of neutrophilic myelocytes diminished and the polymorphonuclear 
neutrophils increased The metamyelocytes temporarily increased, decreased or 
remained unchanged At the same time there was a significant increase in eosino- 
philic myelocytes and adult eosinophils Basophilic myelocytes were more fre- 
quently seen Lymphocytes became more numerous The relative number of 
plasma cells diminished to normal Nucleated red cells became less numerous as the 
leukocyte-erythroid ratio increased to normal As this change took place the 
proportion of polychromatic normoblasts to orthochromatic normoblasts de- 
creased from z 9 to o 7 These changes are shown graphically in figure ii 
The number of megakaryocytes per million nucleated cells increased during 
effective therapy The only exception to this was patient no 6 In this patient the 
number of megakaryocytes per million nucleated cells was slightly greater than 
normal before therapy and the number decreased to within the normal range 
during therapy 

The percentage of megakaryocytes forming platelets increased to within the 
normal range in 6 of the 8 patients responding to therapy (table 4) Not only did 
the percentage of megakaryocytes forming platelets increase but the average 
number of platelets attached to each megakaryocyte was greatly increased, even 
beyond the normal This is illustrated in figure 12 . The number of platelets at- 
tached to each of 100 megakaryocytes in the marrow of the same patient (no 6) 
was counted as accurately as possible before and after treatment and compared 
with a normal 

Photomicrographs of megakaryocytes taken from the same preparations as 
used in preparing figure iz are presented in figures 9, 10, and 13 These photographs 
again illustrate the absence of platelet formation in untreated kala-azar (fig 9) 
and the greatly increased platelet formation in the marrow following treatment 
Cfig 13) ^ compared with the normal (fig 10) 

Following the production of platelets by the megakaryocytes, huge groups of 
platelets were frequently seen in the marrow smears These were larger and more 
numerous than those seen in smears made from normal marrow and were in sharp 
contrast to the very few platelets seen scattered about the marrow in the prepara- 
tions made from untreated cases The platelet count in the peripheral blood then 
approached normal as a rule, although no increase was noted in patients 13 and 15 
However, the platelet counts were just at the lower limit of normal and it would 
be expected that the platelet rise in the peripheral blood would occur later than 
the bone marrow change 

Two patients (nos 14, 18), in whom there was no increase in platelet production 
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Fio II Bone m-irrow changes jn i patient (no with kala-azir before and during specific anti- 
leishmanial therapy (soluncsbosan) 



NUMIEff OF PL»TILCTS PER MCgAKAPrOCYTt 

Fig 12. ^Number of platelets attached to the cytoplasm of loo megakaryocytes in normal marrow, 
in a patient (no i6) with kala-azar prior to specific therapy and in the same patient after specific therapy 


in the bone marrow, were both complicated in that severe infections existed 
As expected, no rise in the platelets in the peripheral blood was noted 
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been a significant rise in the number of leukocytes and the quantity of hemoglobin 
in the blood Thus the three cellular elements of the blood were restored to normal 
in the same order as their reductions from normal had taken place The increase 
in platelets in the peripheral blood was not as dramatically rapid as occurs follow- 
ing splenectomy in primary thrombocytopenic purpura This is natural since the 
reduction in the size of the spleen in kala-azar in response to therapy is very 
gradual over the course of months 

Four patients (nos 7, 8, 16, 20) responded poorly to therapy (table 4) There 
was no detectable clinical improvement, no diminution in the size of the spleen, 
and little or no change in the peripheral blood Leishmctuta were present in the 
bone marrows twenty-nine days after treatment was commenced m one patient 
(no 20), after thirty-seven days in another (no 16) and after seventy days in 
another (no 8) Leishmatua were found in the spleen in the last named patient on 
the one hundredth day of therapy The marrows remained normoblastic and a 
'shift” to the right in the myeloid series did not occur There was, however, an 
increase in the number of megakaryocytes per million nucleated cells in each case 
and in 2 of the patients (nos 7, 20) platelet production by the megakaryocytes had 
commenced Three of the patients (nos 7, 8, 16) were treated initially with a 
Japanese preparation, solunesbosan Two of the patients (nos 16, 20) had com- 
plicating infections and 2 (nos 8, 16) developed agranulocytosis during therapy 
All 4 of these patients were heavily parasitized at the onset of therapy and none 
were in the early stage of the disease Patient no 20 was given 50 mg of pteroyl- 
glutamic acid orally daily for 10 days without any apparent effect on the leuko- 
penia 


Discussion 

Differential counts on the sternal marrow from cases of kala-azar have thus 
revealed a rather characteristic pattern Myeloblasts, promyelocytes, neutrophilic 
myelocytes and metamyelocytes were present in approximately normal proportions 
but polymorphonuclear neutrophils were markedly reduced and eosinophilic cells 
were rarely seen In the patient with disease of two years duration, the metamyelo- 
cytes were also reduced in number and in one patient with kala-azar and advance 
bilateral pulmonary tuberculosis approximately 62 per cent of the myeloid cells 
were myelocytes or younger forms even though the leucocyte-erythroid ratio was 
18 I This would seem to indicate either an inability of the leucocytes to mature 
fully or rapid dissolution of the adult cells Study of the bone marrow has shown, 
however, that this defect can, under certain circumstances, be overcome since 
occasionally patients with secondary bacterial infections develop leucocytosis 
in spite of the existence of severe kala-azar with marked granulocytopenia 

The presence of staining abnormalities, the reduction in total numbers of 
megakaryocytes in some cases, and the absence of a normal degree of platelet 
production suggest an abnormality in the development of the megakaryocytes 
which results in a failure to produce platelets This offers an explanation for the 
thrombocytopenia seen in kala-azar If platelets were being destroyed rapidly in 
the peripheral blood one would expect to find hypertrophy of the megakaryocytic 
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tissue in the marrow with each megakaryocyte producing a maximal number of 
platelets 

Nucleated red cells, especially polychromatophilic normoblasts were numerous 
m the marrow It is impossible to say from our data whether the increase was 
absolute or only relative to a decrease in the leucocytic tissue One might postu- 
late that since there are many normoblasts in the marrow there is a failure of these 
cells to make the transition to erythrocytes Such a situation does exist in the bone 
marrow in patients with anemia due to iron deficiency and in patients with dis- 
turbed hemoglobin synthesis due to lead intoxication On the other hand, it is also 
true that in patients with active erythropoiesis, such as occurs in anemia due to 
hemorrhage or hemolysis, there is an increase in normoblastic activity in the 
marrow 

None of our patients were jaundiced Rachmilewitz, Braun and De Vries®® 
have reported a single patient with kala-azar, macrocytic anemia, reticulocytosis, 
normoblastic bone marrow, jaundice and a significantly increased excretion of 
urobilinogen in the urine and feces They state ‘ ‘The type of anemia, the hyper- 
plastic bone marrow, the increased excretion of urobilinogen before treatment, 
and the subsequent changes following treatment strongly suggest increased red 
cell destruction (most probably by phagocytosis) as the cause of the anemia ” 
From our studies we cannot rule out this possibility but it should be noted that 
patients with chronic liver disease (cirrhosis) and jaundice may have an increased 
excretion of both urinary and fecal urobilinogen in the absence of mcreased hemo- 
lysis The fact that the patient reported by Rachmilewitz, Braun and De Vries 
had macrocytic anemia and jaundice suggests that their patient varied somewhat 
from the usual patient with kala-azar 

As pointed out in the introduction it has been generally accepted that the 
hematologic changes seen in kala-azar are the result of impairment of the hemo- 
poietic function of the bone marrow which is destroyed mechanically by the 
overgrowth of parasitized reticulo-endothelial cells, that is, the anemia is classed 
with the myelophthisic or leuko-erythroblastic anemias However, the hemato- 
logic changes in kala-azar differ in several respects from those seen in patients 
with carcinomatosis, osteosclerosis, multiple myeloma, myelosclerosis and marble 
bone disease In such examples of so-called “myelophthisic anemia” the most 
significant abnormality of the erythrocyte series in the peripheral blood is the 
presence of nucleated red cells in numbers quite out of proportion to the degree 
of anemia As many as 53 nucleated red cells per 100 leucocytes have been 
observed in cases in which there was little anemia Polychromatophilia and 
stippling are frequently seen Myelocytes in the peripheral blood are almost a 
constant feature ®- and myeloblasts are occasionally seen The leukocyte count 
IS usually normal, occasionally increased, and only rarely reduced and the differ- 
ential white cell formula usually maintains its normal proportions kala- 

azar nucleated red cells are rarely seen in the peripheral blood In our own senes 
of patients they were seen in only 5 patients and then in small numbers Napier 
and Sharma® and Keefer, Kdiaw and Yang® did not observe nucleated red cells in the 
peripheral blood of any of their patients even when severe anemia was present 
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Kuroya ct al •> recognized normoblasts in only 17 per cent of their cases and then 
never in very great numbers Polychromatophilia and stippling are also rarely 
seen A single myelocyte was seen in two smears in the series reported here Kuroya 
et al ^ observed myelocytes in only one case out of 151 In uncomplicated kala- 
azar there is almost invariably a leukopenia In the differential white cell formula 
in kala-azar the lymphocytes, in contrast to what occurs in myelophthisic anemia, 
predominate 

Vaughan^"’ has reported that leuko-erythroblastic anemia (^myelophthisic 
anemia) is associated with an increase rather than a decrease of skeletal red marrow 
and IS not dependent upon mechanical limitation of the marrow She was able 
to find little correlation between the degree of mechanical blocking and the degree 
of anemia In some of her cases with great degrees of occlusion of the marrow there 
was little anemia In the scries of patients presented in this study infiltration of the 
sternal marrow by reticulo-endothclial cells varied from 5 to 50 per cent and 
there was little correlation between the degree of infiltration and the severity of 
the blood changes Leukopenia frequently appeared before there was significant 
infiltration of the marrow This has also been observed by others Further- 
more, evidence of an extension of the functioning bone marrow in kala-azar has 
been observed repeatedly ” In normal adults only approximately half of the 

marrow is in an active state Thus, if all of the marrow is made available and if 50 
per cent of this is invaded by reticulo-endothelial cells there may still be no reduc- 
tion from the normal in the total amount of functioning tissue 

The hematologic changes in kala-azar are similar in many respects to those seen 
in Gaucher’s disease, Still-Chauffard-Felty syndrome, tuberculous splenomegaly 
and ‘primary splenic pancytopenia In these so-called “hypcrsplenic states 
there is anemia with little evidence of blood regeneration, neutropenia with a 
relative lymphocytosis and thrombocytopenia Hirschboeck"^ has reported 
differential counts of sternal marrow smears in two cases of Still-Chauffard-Felty 
syndrome In both cases the marrow was hyperplasuc and normoblastic There 
was a marked shift to the left of the myeloid elements and the majority of the cells 
were myelocytes and metamyelocytes Similar findings have been reported by 
Doan and Wright^® in 3 cases of splenic pancytopenia ” In x of these cases the 
myeloid-erythroid ratio was reversed, i 4 In Banti’s syndrome and in other 
splenomegalic states Limarzi and his co-workers®^ have reported myeloid hyper- 
plasia in the earliest stage and “maturation arrest” of the myeloid and megakaryo- 
cyte tissue later In the last stage of the condition marked erythroid immaturity 
was found as well 

In kala-azar the reduction in the numbers of erythrocytes, leukocytes and 
platelets is, in general, proportional to the degree of splenic enlargement 

One apparent point of difference between the bone marrow in kala-azar and 
that in symptomatic hypersplenic” thrombocytopenic purpura is that Dameshek 
and Miller®® in 5 cases of the latter (Gaucher’s disease, infectious splenomegaly, 
cirrhosis of liver, splenic vein thrombosis, and Felty’s syndrome) found the number 
of megakaryocytes increased and a normal proportion of platelet-producing cells 
Their results in this group of cases differed from their findings in idiopathic 
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thrombocytopenic purpura (which they consider a form of hypersplenism) in that 
the proportion of platelet producing cells was markedly reduced in the idiopathic 
group* 

Although there is, thus, a certain amount of evidence suggesting that the blood 
changes associated with kala-azar are due to hyperfunction of the spleen, it is 
clear that no direct evidence has been given in this paper for the hypersplenic 
theory Such evidence could come from the demonstration that the anemia, leuko- 
penia and thrombocytopenia are alleviated by splenectomy f This was considered 
but for various reasons was not performed Experiments with splenectomy are now 
under way in animals experimentally infected with kala-azar and it is anticipated 
that this will be the subject of another communication J 

Summary 

I The peripheral blood changes in uncomplicated kala-azar are those of 
pancytopenia, namely, anemia, leukopenia and thrombocytopenia The red blood 
cell morphology is normal and there is very little evidence of increased erythrogenic 
activity The leukopenia is due to a reduction in all types of cells, especially 
neutrophils 

z When the disease is complicated by other infections the anemia is more 
severe and anisocytosis, poikilocytosis, and polychromatophilia may appear 
and normoblasts may occasionally be seen in the peripheral blood Leukocytosis 
may develop, the leukopenia may persist or the syndrome of agranulocytosis may 
intervene 

3 As the duration of the disease increases, the spleen tends to become larger 
and the anemia, leukopenia and thrombocytopenia become progressively more 
severe Leukopenia generally appears first, followed by anemia and finally throm- 
bocytopenia The degree of leukopenia, anemia and thrombocytopenia follow 
closely the degree of splenic enlargement 

4 The bone marrow in kala-azar is hyperplastic and infiltrated by reticulo- 
endothelial cells In spite of this there appears to be an abtmdance of blood forming 
tissue, especially erythropoietic tissue 

5 Differential cell studies on preparations of sternal marrow reveal a marked 

* More recent studies by Damcshck and Estrcn indicate a \cr}" definite dimmuuon in platelet product- 
ion by megakaryocytes in various types of hypersplenism, both due to known cause (1 e s) mptomatic or 
secondary) and in idiopathic cases, the findings being similar to those in idiopathic thrombocytopenic 
purpura Ed 

t Since this paper was submitted for publication a report has appeared by Burchenal, Powers and 
Haedicke (Am J Trop Med 27 699, 1947) of a case of leishmaniasis with severe anemia and leu- 
kopenia which was refractor} to antileishmanial therapy Following splenectomy there w as a rapid 
and sustained increase in leukocytes and hemoglobin Reference is made in this paper to two other 
case reports of leishmaniasis in the literature in which splenectomy was followed b} a rapid rise in 
Icukoc) tes 

f Preliminar) results indicate that hamsters evperimentall} infected with Lctshmanta donotant deselop 
a leukopenia (5)62.5 cu mm ) as compared with normal noninfected hamster (10,615 cu mm ) Two 
months following splenectomy the leukoc) te count had risen to 14,437 cu mm in the infected group, 
whereas there was onl) a slight increase (11,475 cu ram )in the normal noninfected group following 
splenectom} 
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reduction in the polymorphonuclear neutrophils and eosinophils Myeloblasts, 
promyelocytes, neutrophilic myelocytes and metamyelocytes arc present in ap- 
proximately normal proportions as arc the lymphocytes and monocytes Plasma 
cells are somewhat increased Erythroid cells, especially polychromatic normo- 
blasts are numerous and the Icukocytc-crythroid ratio is altered, more than the 
normal proportion of normoblasts being found Megakaryocytes are present in 
normal or slightly reduced numbers Staining abnormalities are noted in these 
cells and there is a striking reduction in platelet production 

6 During effective anti-lcishmanial therapy parasitized reticulo-endothelial 
cells disappear and the percentage of reticulo-endothelial cells gradually dimin- 
ishes as the polymorphonuclear neutrophils increase There is a significant 
increase in the eosinophilic cells Lymphocytes become more numerous and the 
plasma cells diminish in number Nucleated red cells become less numerous and 
the leukocyte-erythroid ratio returns to normal At the same time the proportion 
of orthochromatic normoblasts to polychromatic normoblasts increases The 
relative number of megakaryocytes increases and platelet formation from the 
megakaryocytes is accelerated even beyond the normal Huge groups of platelets 
are frequently seen in the marrow smears A rise in platelets in the peripheral blood 
takes place late, after there has been a significant rise in hemoglobin and leuko- 
cytes The three cellular elements are restored to normal in the peripheral blood in 
the same order as their reduction from normal 

7 Evidence is presented which contradicts the view that the pancytopenia is 
due to a crowding out of the bone marrow by reticulo-endothelial cells 

8 Certain similarities between the hematologic changes in this disease and 
those accompanying the hypersplcnic syndromes are noted 
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TPiE EFFECTS OF ESTROGENS ON THE BONE MARROW OF 

ADULT FEMALE DOGS 


By Roger C Cratts, M D 

E strogens have been found to have profound effects on the hemopoietic 
system of dogs Large doses of natural or synthetic estrogens produced 
hemorrhagic purpura, gradual anemia, and a profound leucocytosis which was 
followed by a leucopenia Differential counts showed that the neutrophils were the 
cells responding to the injections, and Arneth counts showed a swing to the left 
followed by a corresponding shift to the right These injections also produced a 
slight liver damage Although the time required to produce death varied with each 
animal, a daily dose of 5 o mg of estrogen ultimately killed the dog 
Except for the work of Arnold and his co-workers, little attention has been given 
changes in the bone marrow as a result of estrogen injections Accordingly, this 
experiment was performed to describe the changes produced by estrogens in the 
bone marrow of adult female dogs 


Methods 

Adult female dogs of 8-iz kilograms body weight were used m this study 

Each dog was trained to stay on the dog board and blood was removed from 
femoral vessels without anesthesia Erythrocyte and white cell counts were made 
with U S certified pipets and the improved Neubauer counting chamber Smears 
were made with the two-coverglass technic and differential counts were made on 
zoo cells Hemoglobin determinations were made with a Hellige hemometer 

Bone marrows were studied in the following manner The whole femur was re 
moved at autopsy A single I5 inch piece was removed at the proximal end 
femur, the proximal cut being made with a saw just distal to the trochanters e 
piece of bone was then split lengthwise with bone forceps and the top half of the 
bone removed leaving the bone marrow intact in a "boat” of bone This was then 
placed in Helly’s fixative The bone marrow was removed from the boat 0 
bone after it had become firm in the alcohols After embedding in paraffin, it was 
sectioned at 6 micra and stained with toluidin blue and eosin Differential counts 
were made on 500 cells 

All injections were given intramuscularly and in sesame oil 

Results 

Several blood examinations were performed on each dog before estrogen therapy 
was given The average blood figures obtained from 45 separate blood samples 
from 14 dogs are summarized in table i 

From the Department of Anatomy, Boston University School of Medicine, Boston, Mass 

This work was done with the aid of a grant from the Committee on Research in Endocrinology of the 
National Research Council 

* With the technical assistance of Miss Betsy Nadcll and Mr Sah’atore Lunetta 
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Figure I shows a typical curve for the total white cell count of an adult dog 
under estrogen treatment The height of the curve varied with each animal and 
some dogs exhibited a second curve but the terminal effects were the same Each 
dog was autopsied when the leucocyte count was at a level indicated in figure i 

Table i — formal blood figures for adult female dogs taken from 4g separate blood samples 
from 14 dogs ± = standard deviation 


Erythrocyte count in millions per cu mm 
Hemoglobin in Gm per 100 cc 
Leucocyte count in millions per cu mm 
Neutrophils in per cent 
Eosinophils in per cent 
Basophils in per cent 
Lymphocytes in per cent 
Monocytes in per cent 


6 55 ±0 73 
14 8 I 
13 L ±4 8 
69 6 ±9 t 
4 L ±i 6 

O I ±0 LI 

19 7 ±8 6 

L 8 ±2. L 



Fio I Showing a t) pical leucocyte response of adult dogs to injections of large doses of estrogen 
The dogs described in this paper were autopsied when the total white counts were as indicated 

This gives a progressive story of the changes produced in the bone marrow during 
treatment with estrogens 

Dogs No 12 and No 26 These r animals served as controls and were autopsied after no treatment The 
bone marrows of the r dogs were similar in appearance (figure x) The mjcloid elements were more con- 
centrated toward the penpherv and the marrow gave the appearance of a normal distribution of cellular 
elements 
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DifTcrcntnl counts showed tint 40 4 per cent of the cells were erj throid in mture and 43 7 per cent of 
the cells were neutrophilic elements Further dctnils nrc given in table i 

These counts differ slightly from counts reported by other workers Alexandrov'® 
reported x} 4 per cent erythroid elements and 43 o per cent neutrophilic elements, 
Stasney and Higgins'" found 59 o per cent and X4 xper cent respectively, Mulligan” 
reported 40 i per cent erythroid and 50 i per cent neutrophilic, and Meyer and 
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Fig X Bone marrow of a normal control dog Not: the normal distribution of myeloid elements 

Bloom'® have found erythroid elements to be 38 7 per cent of the bone marrow cells 
and neutrophilic elements to be 45 7 per cent of marrow cells These four groups of 
workers used the sternum, rib, rib, and ilium respectively as a source for marrow 
while the present work utilized the femur Stasney and Higgins,'® however, found 
that the source of the bone marrow made little difference as far as the distribution 
of the cells was concerned 

Dog No 14 This animal was autopsi:d after twenty-five days of treatment with a total of 89 o mg of 

stilbestrol * The leucocyte count was close to the peak of rise, having increased from 10 5 thousand cells 

* I am greath indebted to Dr C F Church of the Squibb Institute for Medical Research for the stil- 
bestrol used in this experiment 
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ErrccTs or estrogens on bone marrow of dogs 


x8x 


13 1 Gin per 100 cc to 7 o Gm The blood smear, made on the last day of treatment, did not contain 
enough cells to make a complete differential blood count Of the cells counted (60) 11 o per cent were 
neutrophils, 1 o per cent, eosinophils, and 87 o per cent were lymphocytes 

The bone marrow of this animal was extremely congested Most of the area in the bone marrow was 
taken up b) mature erj throcytes (figure 4) 

Differential counts (table z, No 1) revealed a complete lack of neutrophilic elements ^ 5 per cent of 
the marrow cells were er)throid elements There was a considerable deposit of hemosiderin pigment in 
this bone marrow 



Dog No j6 This dog was treated for thirty-three days with a total dose of 93 5 mg of sti bestro 
The leucocyte count increased from 9 5 thousand cells per cu mtn to za. 7 thousand cells on the twcntiet 
day of treatment The animal was sacrificed on the thirty-third day when the leucocyte count was i z 
thousand cells per cu mm This animal did not exhibit an anemia The erythrocyte count was 5 37 million 
cells per cu mm and the hemoglobin was 13 5 Gra per 100 cc There were not enough white cells on the 

blood smears to make a differential count 

The bone marrow of this animal (figure 5) showed the same lack of neutrophilic elements as shoivn in 
the previous animal, but the areas of extreme congestion were supplanted by a moderate congestion plus 
large areas of edema Erythroid elements stood out more clearly Active erythropoiesis was present 
and the bone marrow had considerable hemosiderin deposit 
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DifTcrcntial coiinf; (table i, No i6) <;howcd rccult'; •timihr to those found in the prcsious animal 
97 4 per cent of the marrow cells were er\throid elements while onl\ o6 per cent were neutrophilic 
elements 

No I This dog rccened 5 o mg of stilbestrol per das for thirt)-four di)s The Icucoc) tc count 
increased from 13 S thousand cells per cu mm to 54 o thousand cells on the twcntj-third day of treat- 
ment The animal w as sacrificed w hen the Icucocs tc count w as o i thousand cells per cu mm The cryth- 
rocs tc count decreased from 6 iS million cells per cu mm to4 4omillion There were not enough cells in 
the blood smear to make a differential count 

The bone marrovs of this animal (figure 6) was almost cntircl) dcsoid of cells The whole marrow was 
replaced b\ the edema’ present There were not enough cells to make a differential count 

In summary, large doses of estrogen are toxic to the bone marrow of adult dogs 
Under the influence of estrogen treatment there is a great stimulus to the production 
of neutrophilic elements (figure 3), with a concomitant increase in the white cells 
of the peripheral blood This accounts for the increase in leucocyte count which 
invariably follows treatment of dogs with large doses of estrogen At this stage 
the majority of neutrophils are of the young variety — a shift to the leTt Con- 
tinued estrogen treatment results in a marked congestion of the bone marrow 
(figure 4), which is accompanied by destruction of white cell elements This 
accounts for the marked decrease in the leucocyte count in the blood stream The 
neutrophils in the blood are old — a shift to the right The areas of the bone marrow 
formerly occupied by mature erythrocytes and the white cell elements are then 
replaced by “edema” which, for a time, spares erythroid elements (figure 5) 
Continued treatment is toxic to the remaining erythroid elements so that the 
marrow becomes almost completely devoid of cellular elements (figure 6) 

Discussion 

Estrogens, in large doses, appear to be very toxic to the bone marrow of dogs 
Arnold and co-workers^ have reported results essentially similar while Dougherty, 
Williams, and Gardner'® reported, in abstract form, that estrogens produced an 
aplastic bone marrow 

There are indications that the effects of estrogens on dogs are due to their toxicity 
to this animal rather than to any physiological estrogenic activity One adult 
female dog was treated with daily doses of 5 o mg of alpha estradiol and another, 
of similar size and weight, was treated with 5 o mg of beta estradiol, known to 
have one fortieth of the estrogenic potency of alpha estradiol Both animals re- 
sponded to the injections with a great increase in the total leucocyte count followed 
by a marked decrease " The neutrophils were responsible for these changes In 
addition, x dogs were treated with daily doses of o 15 mg of alpha estradiol,* an 
amount which would approximately represent the physiological activity of daily 
doses of 5 o mg of beta estradiol Except for an initial slight rise in the leucocyte 
count, these animals showed no ill effects after a year of injections 

It IS of interest that injections of 10 mg of estrogen per day produced no such 
reaction in monkeys," and there are no indications that the human responds in 
any such manner 

* This alpha estradiol was very generously furnished by Dr Erwin Schwenk of the Schcring Corpo- 
ration 
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Dogs respond to estrogens according to their physical condition While one 
animal will live for one hundred twenty-six days receiving a daily dose of 5 omg 
of estrogen and exhibit several increases and declines of the leucocyte count, other 
dogs will die in thirty days with the same dose One dog, not reported, received 
only o 5 mg of alpha estradiol per day and died on the seventy-sixth day of treat- 
ment with a bone marrow completely devoid of cellular elements This bone marrotv 
resembled that shown in figure 6 At autopsy, this animal was found to be suffering 
from a respiratory infection and had many intestinal parasites 
Estrogens are toxic to the bone marrow of adult dogs The toxic dose level differs 
from animal to animal depending upon its physical condition 

Summary 

Large doses of estrogens have a profound effect on the bone marrow of adult dogs 
The initial reaction is a great increase in the number of neutrophilic elements in 
the bone marrow These neutrophils arc released into the blood stream causing a 
marked rise in the total white cell count This is followed by congestion of the 
bone marrow and a destruction of the white cell elements in these marrows Con- 
gested areas and locations formerly occupied by white cell elements are replaced by 
edema, leaving crythroid elements intact This accounts for the marked drop m 
the total white cell count in the blood stream This is followed by destruction of 
remaining erythroid elements in the bone marrow and replacement by “edema 
until a stage is reached where practically no cells can be found in the marrow 
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THE FREQUENCY OF MEGAKARYOCYTES IN AUTOPSY SECTIONS 

By Robert Brill, M D ,* and M M Halpern, M D f 

T he presence of megakaryocytes in tissue sections has been frequently 
reported as a significant finding*"^ According to Petri® who reviewed the 
literature, Muller was the first to note the occurrence of megakaryocytes m organs 
Aschoff often observed them in the lungs in infectious diseases, and less frequently 
in the kidneys, liver and myocardium Bunting,® in a study of bone marrow and 
lung sections in ii cases of Hodgkin’s disease, found megakaryocyte nuclei in the 
lung capillaries of all cases, in 4 of these he thought megakaryocytes were more 
numerous than to be expected in cases with marked leukocytosis There was an 
increase in the number of marrow megakaryocytes in 3 of the 5 cases studied 
In cases of active tuberculosis, Medlar and Sasano® noted numerous megakaryo- 
cytes in the lungs Orbison^ reported a case of lobar pneumonia with widespread 
distribution of megakaryocytes in the lungs and many other organs Goroncy' 
found megakaryocytes in the lesser circulation (lungs) in 61 per cent of his senes 
of autopsies, in 13 per cent they were observed also in one or more of the organs 
supplied by the greater circulation, in only 3 of these necropsies were they found in 
the lungs, spleen, liver and kidneys of the same case Petri* also lists their presence 
in the bone marrow capillaries and sinusoids of the lymphoid tissue Downey and 
Nordland,® in a case of myeloid leukemia, observed megakaryocytes in the cortex 
of the adrenals and the surrounding fatty tissue, as well as in other organs 
Most investigators® feel that megakaryocytes appear in the organs m 
conditions associated with increased hematopoietic activity, a viewpoint first 
expressed by Aschoff Hewer,*® in a case of osteosclerotic anemia, observed many 
megakaryocytes in the spleen Because of their absence in the lung sections, he 
concluded that in this case they were formed in the spleen Downey, Palmer and 
Powell® found megakaryocytes in liver and spleen biopsies in a case of atypical 
myelosis, and thought they were produced in situ Klemperer,**^ in his report of 
cavernomatous transformation of the portal vein, noted numerous megakaryocytes 
in the spleen He was undecided as to whether or not they were “carried to the 
spleen by the blood stream, because even when present in great numbers in the 
venous sinuses they were not found in the arteries ’’ Howell and Donahue 
maintained that megakaryocytes developed in the lungs from “myelobkstic cells 
in the same manner as they do in the liver, spleen and bone marrow ’’ However, 
Jordon*® did not agree with this conclusion 

There have been several reports of the unusual finding of intact or fragmented 
megakaryocytes in the smears of peripheral blood * *® *® Ivlinot*® stated that 
they were present in the peripheral blood smears in cases of myelogenous leukemia, 
polycythemia, and rarely in “simple leukocytosis,” lobar pneumonia, Hodgkin s 

From the Department of Laboratories, Newark Beth Israel Hospital, Newark, New Jersey 
* Now pathologist at St Mary s Hospital, Cincinnati, Ohio 
t Now with Department of Cardiology, Mt Sinai Hospital, New York City 
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disease and sepsis He believed that it was indicative of “intense bone marrow 
strain “ Downey^ stated that megakaryocytes appeared after splenectomy in the 
peripheral blood smears from a case of myelogenous leukemia 
This problem was pursued at the suggestion of Dr William Antopol and Dr 
Lester Goldman, who had obscn^cd the frequency of megakaryocytes in paraffin 
sections and felt that they were partially filtered out in the lungs and that the 
spleen had a special affinity for actively arresting and fixing them therein It was 
decided to study megakaryocyte occurrence in the tissues of 50 autopsy cases 

Methods and Material 

The first xy cases chosen for study were cases such as bacterial endocarditis, 
pneumonia or metastatic carcinoma, in which megakaryocytes were expected to be 
found Then 7 autopsies were selected with no history of infection, neoplasm or 
blood dyscrasia, in which tissue megakaryocytes were not expected to be foimd 
To round out the number an additional 16 random cases were studied 
The diagnoses in the 50 cases were as follows 9 cases of neoplasm with metastases 
including bone, 7 of pneumonia, 7 of rheumatic heart disease, 3 of acute bacterial 
endocarditis, 3 of subacute bacterial endocarditis, 3 of pulmonary tuberculosis, 3 of 
cardiovascular-renal disease, l of Hodgkin’s disease, z of leukemia, and one each 
of periarteritis nodosa, Libman-Sacks disease, chronic glomerulo-nephritis, 
granulomatous ulcer of the buttock, hypoglycemic shock, methyl alcohol poison- 
ing, syphilis of the central nervous system, Landry’s paralysis, traumatic death, 
primary amyloidosis, and a postoperative death 
Studied, but not included in this group of 50, were an additional 4 cases which 
showed extramedullary hematopoiesis 

With routine hematoxylin and eosin stain, the appearance of the megakaryocyte 
in the peripheral capillaries differs somewhat from that in the bone marrow In 
the latter site the megakaryocyte is round, it possesses an abundant, homogeneous 
pink cytoplasm, the edge of which may or may not be irregular, the nucleus is 
large, vesicular or pyknotic, and may have few or many lobules In the tissue 
capillaries, the megakaryocytes assume various shapes, being distorted by the 
channels in which they lie, their cytoplasm is often not discernible and the nucleus 
may appear naked (fig i) To a great extent, identification of megakaryocytes 
depends on their intravascular location and their enormous size, and especially on 
the large multilobulated nucleus which is most often pyknotic Megakaryocytes 
with abundant cytoplasm are occasionally present, particularly in the wider 
channels (fig z) 

In the lungs, the megakaryocytes are most frequently found in the capillaries 
of the alveolar septa The glomerular tufts are their usual site in the kidneys, how- 
ever, they are also seen in the interstitial capillaries In the liver and spleen sections 
they are usually found in the blood sinuses In heart sections they appear in the 
Capillaries between the muscle fibers 

When megakaryocytes were found in the organs, a rough estimate of their 
number was recorded as being one to three plus When only two or three mega- 
karyocytes were found in the examination of a whole paraffin section, about i cm 
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Fig I Almost Naked Meg AKARiociTE Nucleus IN A Glomerular CAPiLLAR'i 



Fig 1 Megakart ocYTE WITH Abundant Cytoplasm IN THE Pulmonary Circulation 

square, a one plus was recorded Those cases with large numbers of megakaryocytes, 
averaging i or more per low power field (i6 mm objective and lo X ocular), were 
considered three plus Two plus represented the intermediate group No attempt 
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was made to use absolute numbers brst, because of the difference in anatomical 
blood supply in the different organs, secondly, because of the varying pathologic 
changes in the same organ in different cases 

Results 

In all of the 50 cases studied, megakaryocytes were demonstrated in the lungs 
Their presence in smaller percentages was noted in the spleen, kidney, liver and 
heart (table i) Megakaryocytes were noted in the adrenals in two cases, and in 
the pancreas and stomach in one instance each, but these are not included in the 
table 


Table i — Iticulence of Megakar)a0tes tii Various Organs 


Organi examined 

of cases examined 

AV unth meg s present 

Percentage incidence 

Lungs j 

50 

50 

lOO 

Spleen 

4 S 

18 


Kidne) 

47 

17 

36 

Liver 

47 

16 

34 

Heart 

45 

6 



Table l — SmuUamous Imtdtnct of Mrgakar^oQtes in the Organs tn Forty Cases 


Lungs 

Spleen 

Kidney 

Liver 

Ileart 

No oj cases 

P 

0 

0 

0 

0 

16 

P 

P 

0 

0 

0 

6 

P 

P 

P 

0 

0 

3 

P 

P 

P 

P 

0 

7 

P 

P 

P 

P 

P 

5 

P 

P 

0 

P 

0 

z 

P 

P 

0 

1 

0 

1 

P 

I 


P megakaryocytes present 
O megakaryocytes not found 


Sections of all the five organs mentioned in table i were available for study in 
only s}o of the 50 cases The simultaneous occurrence of megakaryocytes in one or 
more of these five organs of each of these 40 cases is listed in table z It will be 
noted that megakaryocytes were found in the lungs alone in 16 cases, and in the 
lungs and spleen in 6 There were iz cases with megakaryocytes present in the 
lungs, spleen, kidney and liver, and in 5 of these, megakaryocytes were also seen 
in the heart Smaller numbers of other combinations are listed in table z 
There appeared to be some correlation between the concentration of megakaryo- 
cytes in the lung capillaries and their occurrence in other organs (fig 3) Seventeen 
cases demonstrated a one plus megakaryocyte concentration in the lungs no 
megakaryocytes were found in the other organs in ii of these cases, in the other 6 
cases, they were found only in the spleen or in the spleen and one other organ 
Eleven cases showed a two plus megakaryocyte concentration in the lungs 






















FREQUENCY OF MEGAKARYOCYTES 


Five of these had no megakaryocytes in the other organs In 4 more, they were 
demonstrated only in the spleen or the spleen and one more organ In the z cases 
•with involvement of all five organs, the megakaryocytes were numerous in the 
lungs, but not sufficiently numerous to fall into the three plus category 
All zz cases with a three plus concentration in the lungs had megakaryocytes 
also in other organs In 3 cases all five organs were involved, and in 7 more, mega- 
karyocytes were demonstrable in all but the heart 

12 
10 
8 

So of / 

U 
2 



■o of 
eaaea 


80 of 
cases 



Fio 3 Correlation between the Mboakarvocyte Concentration in the Long* and 
THE Number of other Organs Involved 


One interesting finding was the constant presence of megakaryocytes m the 
spleen, whenever there was involvement of organs besides the lungs (table z) 

The diagnoses in the zz cases (table x) with involvement of four or five organs 
were pneumonia, acute or subacute bacterial endocarditis and carcinoma with 
metastases 

In the 4 cases with extramedullary hematopoiesis, it was possible to show, m 
one or another of the organs, a megakaryocyte concentration roughly as great as, 
or greater than that in the lungs 

Discussion 

The greatest incidence of extramedullary megakaryocytes appears to be in the 
lungs This fact suggests, in agreement with earlier investigators, that their 
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presence is dependent upon their delivery into the peripheral blood from the bone 
marrow and their subsequent filtration by the pulmonary capillary bed 

From the data presented one might conclude that with more megakaryocytes 
entering the blood stream from the marrow, more will reach the lungs, and in 
turn, the more that filter through the pulmonary capillary bed, the more will be 
carried to other organs 

One might also conclude that under normal conditions variable numbers of 
megakaryocytes enter the blood stream from the bone marrow and can be demon- 
strated in the lung capillaries The number of these is frequently increased in 
disease processes Those megakaryocytes passing the pulmonary capillary bed 
are most frequently demonstrated in the spleen 

Summary 

I Megakaryocytes can be demonstrated with great frequency in the viscera 

L Megakaryocytes were present in the lungs in all of 50 autopsies studied 

3 They were next most frequently found in the spleen 

4 The simultaneous occurrence in the various organs, in the absence of extra- 
medullary hematopoiesis, is roughly related to the concentration in the lungs 

5 Under normal conditions megakaryocytes in small numbers circulate in the 
blood stream 
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FEMORAL BONE MARROW BIOPSY IN THE ALBINO RAT 
BylD G Cameron, B Sc , M D , and G M Watson, M B 


I N THE course of another investigation we became interested in studying the 
myelogram of the rat with a view to observing changes which might occur as 
the result of experimentally induced anemias The scanty published work on this 
subject has been recently referred to by Vogel (1947) She has also developed a 
method for obtaining marrow and has given a detailed desctiption and classifica- 
tion of the cell types The limitation of her method is that the animal must in each 
instance be sacrificed The present investigation was therefore directed towards the 
development of a reliable method by wJiich repeated marrow studies of one animal 
could be made 


Method 

Marrow films were made from twelve healthy albino rats of the Wistar strain, 
aged 4 to 6 months The rats were fed on a diet which we have found to maintain 
them in good condition, and to permit normal growth and reproduction (table i) 

To obtain marrow samples, the skin over the femur is depilated by clipping short 
and then swabbing with 40 per cent sodium sulphide The animal is anesthetized 
with ether and tied on its side Aseptic technic is used and a z cm incision made 
along the axis of the femur The muscles are then separated to expose the widened 
upper end of the femur, which can be grasped with a pair of toothed dissecting 
forceps Using a sharp zo-gage needle as an awl, a hole is drilled into the marrow 
cavity A cannula, previously prepared by filing the bevel and point from a zo- 
gage needle, and mounting it on a z ml all glass syringe, is then introduced 
into the marrow Before introduction, human plasma is aspirated into the syringe 
and then expelled, so that plasma remains in the cannula but not in the syringe 
Suction IS applied until marrow just shows in the syringe and the cannula is then 
withdrawn The marrow, already mixed with plasma, is expelled onto a series 0 
slides, and films are made and quickly air-dried in the usual manner From six to 
eight films can be made without difficulty The muscles are brought together with 
a single cotton suture The skin is closed, with either a continuous eversion cotton 
suture or Michel clips The wound is sealed with collodion No ocher dressing is 
applied Clips are removed in forty-eight hours but sutures may be left The animals 
have no disability after the operation and the wound is healed within a week 

Results 

A second biopsy can be made from the same femur after a fortnight Marrow 
films from the second femur can be made as soon as two days after biopsy of the 
first femur The range of cellular distribution is not altered in these instances 
By using the femurs alternately, satisfactory examinations of the marrow can be 
made at weekly intervals 

From the Nuffield Department of Medicine, Radcliffe Infirmary, Oxford, England 
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Table i — Diet 


crude casein 

^5 

corn starch 

68 

cod Ii\cr oil 


arachis oil 

z 

mineral salts 

3 


lOO 


Supplements 

thiamine 
nboflaMnc 
nicotinic acid 
pyndoMne ' 

pantothenic acid < 

i-Meth)! 4-naphthaquinonc 
choline 

-tocopherol 
Mtamin A 3.000 units 
Mtamin D 100 units 


too gamma dailj 
3.00 gamma daily 
I mg dail) 
too gamma daily 
zoo gamma daily 
40 gamma daily 
10 mg daily 
3 mg weekly 
twice weekly 
twice weekly 


Table z — Femoral Bone Marrow of the Ailult Albino Rat Distribution of the Cellular Elements 


Leuko-Er) thro Ratio =18 


Cell Tjtjc 

> 

Distribution % 

Range 

Average ^ 

Blast cells 

4-18 

I 0 

Promyelocytes 

8- 3 4 

I 8 

Neutrophihc myelocytes 

z z- 5 0 

3 5 

Neutrophilic young forms 

5 6- 9 z 

7 6 

Neutrophihc staff cells 

8 Z-14 0 

II z 

Neutrophihc mature forms 

16 o-z8 6 

zi 4 

Eosinophihc myelocytes 

4- z 4 

I 6 

Eosinophihc mature forms 

z 6- 7 0 

4 ^ 

Basophiles 

0- 4 

I 

Lymphocytes 

6 6-Z4 

H 

H 

Monocytes 

I 0- z z 

I 6 

Plasma cells 

0 

M 

9 

Proerythroblasts 

00 

H 

1 4 

Basophihc crythroblasts 

3 z-io 0 

6 z 

Polychromatic crythroblasts 

10 8-Z7 z 

ZI I 

Orthochromanc crythroblasts 

0- 4 

I 

Megakaryocytes 

0- 8 

3 

Macrophages 

0- 4 

z 

Mast cells (Kugelhaufcn) 

0- z 

I 

Cells in mitosis 

z- 8 

6 


Satisfactory films were always obtained by this method despite the fact that 
human plasma will agglutinate rat erythrocytes * Better films were made by mixing 

* Human plasma was used in preference to rat plasma because it was readily at ailable and gives 
satisfactor}' results (Endicott, 1945) 
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marrow with plasma in the cannula than by using undiluted marrow, or by 
diluting the marrow on the slide in a drop of saline or plasma 
Differential counts were made from films prepared by this method, looo cells 
being counted in each instance May-Grunwald-Giemsa staining was used through- 
out Although there was considerable variation in distribution, the morphology 
did not vary in the series The counts are summarized in table x, employing a 
modification of the classification used in this department for reporting on sternal 
marrow smears This classification differs in a few respects from those used by other 
authors 

Primitive cells, which cannot be differentiated with certainty, we have labelled 
“blast” cells, the majority are presumably myeloblasts 
Neutrophilic granulocytes of greater maturity than myelocytes have been 
classified as young forms, staff cells and mature neutrophils We agree with Vogel 
(1947) that the ring cell is more mature than the myelocyte, but we find that the 
nucleus of the granulocyte, at all stages of maturity beyond the myelocyte, may 
have a ring formation It is therefore necessary to consider all the characteristics of 
a ring cell before assessing its maturity Most of the ring cells are here classified as 
young forms, together with Vogel's metamyelocytes 
Eosinophilic granulocytes have been classified into two groups only myelocytes 
and mature forms Ring forms are also present in the eosinophil series 
No precursors of basophilic granulocytes were observed 
Cells of the erythropoietic series have been divided into four groups with 
descriptive names The differentiation of the proerythroblast from other blast 
cells IS difficult and cannot be accomplished with certainty by the present methods 
There was no sex difference in the myelograms 

Summary 

A technic for repeated femoral bone marrow biopsy in the rat is detailed 
Differential counts confirmed the distribution of the cellular elements as e 
scribed by other authors 
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THE OCCURRENCE AND SIGNIFICANCE OF “MOTILE” ERYTHROCYTES 
IN HUMAN BLOOD AND MARROW IN ANEMIC STATES'^ 

By Paul H Ralph, M D f 

I T HAS frequently been observed that fi\ed films of blood from macrocytic ane- 
mias, e g , pernicious anemia, are characterized by poikilocytosis to a degree 
not seen in other anemic states The study of living blood presents new facts of 
interest to the cytopathologist which contribute to the explanation of this 
phenomenon 

The dark-field microscope is particularly suited to the study of living blood cells 
since the smallest organoids are visible without stains or other alterative treatment 
and the most delicate of membranes appear as lines of varying thickness and refrac- 
tivity ® Consequently, all descriptions in this paper, imless otherwise speci- 
fied, are of the dark-field appearance of the structures concerned Because of 
better reproducibility, the photographs are given as negative rather than positive 
prints Artifact formation was kept at a minimum by using only freshly drawn 
material and by handling it with the greatest care 

In a number of anemias of varying etiology (Hodgkin’s disease, leukosarcoma, 
pernicious anemia et al ) it was noted that some erythrocytes of the peripheral 
blood exhibited irregular cell surfaces The membrane of these cells (figs 1-5, plate I) 
was less thick and refractive than that of the red blood cells of typical discoid 
shape This appearance of the cell surface denotes a lower concentration of hemo- 
globin and a more primitive condition of the cytoplasm ® Although most of these 
cells contained mitochondria and neutral red-staining granules^ not all of the cells 
containing such organelles exhibited motility Few if any erythrocytes from normal 
blood contain such structures * 

It was noted that this irregular form of the cytoplasm was constantly changing 
In the least primitive of these cells the alterations took the form of small shallow 
notches that repeatedly appeared in their surface at from one to four places and 
slowly disappeared In the more primitive forms (figs 1-5, plate I) these constric- 
tions were much deeper and divided the cell into lobes or pseudopods which were 
slowly protruded and reti acted Coincident with these surface changes the organ- 
oids of the cell, sometimes tangled into a knot, slowly moved about as though 
carried by currents within the cytoplasm Occasionally in the most primitive eryth- 
rocytes a tiny granule-free area was present, surrounded by a group of neutral 
red-staining granules about which the mitochondria were loosely aggregated — the 
centrosphere The sum of all these activities constitutes something that simulates 

From the Dcpartinent of Anatomv, School of Medicine, Ohio State University 
* This work was supported bv a fellowship from the Horace Rackham School of Graduate Studies of 
the University of Michigan and done under the direction of Dr C A Doan of Ohio State Unitersit} 
Medical School 

t Not\ iMth the Department of Anatomj^ Unitersitj of Washington, Seattle, Washington 

J Not to be confused t\ith the vacuome or granules of reticulum induced by high concentrations of 
stain ® 
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amoeboid movement It differs from amoeboid movement in that the bud does not 
move from place to place and that the motility is not related to any vital function 
such as food getting, phagocytosis of debris, etc 
In order to study the origin of such cells, sternal marrow aspirations were ob- 
tained from selected patients whose peripheral blood contained large numbers of 
' motile” erythrocytes All such specimens of marrow contained megaloblasts* 
with reduced amounts of hemoglobin in their cytoplasm, displayed the same cell 
membrane refractivity and types of mitochondria and neutral red-stainable granules 
that distinguished the motile erythrocyte in the peripheral blood Some were 
polynucleate (fig 14) and contained more chan one central apparatus In some cases 
multipolar mitoses could be seen, with as many as seven centrospheres clearly 
marked out by the clustering of neutral rcd-stainable granules These cells gave a 
positive reaction to the benzidine test for hemoglobin ® After a short time for 
adjustment to in vitro environment, these cells begin to extrude slowly and to 
letract one or more large blunt pseudopodia Gradually the base of such pseudopods 
might narrow (fig 6, plate I) and when constriction became sufficiently acute, an 
actual cleavage of the cytoplasm occurred (fig 7, 8, plate I, fig 13, plate II) This 
cleavage at first involved only the hemoglobin-laden endoplasm of the cell The 
thin, weakly refractive ectoplasmic membrane at the surface® might remain intact 
for some time and be visible as a thin gray thread holding the budded erythro- 
plastid to Its parent cell (fig 9, plate I) This strand eventually broke and the newly 
formed red cell left the mother cell by amoeboid-like movement (fig 10, plate I) 
These buds might occur at any place on the cell surface, but there was a tendency 
for them to be formed near the centrosphere, in which case frequently not only 
mitochondria but some of the neutral red-stainable granules (fig 13, plate II), and 
a part or all of the centrosphere were contained in the bud 

The movement of the newly formed erythroplastid differs from that of the more 
mature units in the circulation, in that it appears to be more active and the cell 
moves about from place to place The motility gradually diminishes in in vitro 
preparations, but it has been seen to persist in individual plastids for as long as 
five hours after separation from the parent cell 

The formation of buds from leukocytes and connective tissue cells, described as 
clasmatocytolysis by Ranvier^ and as pictured by Cunningham, Sabin, Doanh may 
be of several types and due to a variety of causes Although a detailed description 
of these changes is the subject of a further communication, they are here briefly 
characterized for the sake of comparison 

When exposed to in vitro conditions for considerable lengths of time, dark-field 
illumination demonstrates that the cytoplasmic membrane of living cells becomes 
much more refractive, thicker and less labile Eventually the cell becomes perme- 
able to Its milieu and imbibes fluid The cytoplasm becomes markedly less viscous, 
as evidenced by the acceleration of Brownian movement of organoids within it, 
and many tiny new granules may be precipitated in the otherwise homogenous 

* The term mcgaloblast is here intended to include the mcgaloblast as described bt Jones, ^ et al and 
the morphologicall) similar giant erythroid elements found in a tariet) ofdjscrasias Thej both exhibit 
the motilitj and budding described in this paper 
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Plate II 

Fig II Same cell as in fig 6, one hundred and seventy minutes later Motility conunues 
Fig iz Bnghtfield photograph of megaloblast from patient with Hodgkm s syndrome supravita j 
stained ith janus green B and neutral red Note mitochondria surrounding nucleus and cluster or nen 
red-staming granuhs about central apparatus at upper edge of nucleus 1500 X 

Fig 13 Bnghtfield photograph of bud forming from megaloblast in pernicious anemia Note that 
base of bud is opposite the central apparatus and that the bud contains rod-shaped mitochondria an 
neutral red stainablc granules 1500 X 

Fig 14 Tri-nuclcate megaloblast from patient with Hodgkin s disease forming three erythrocytes 
by budding 1180 X 


cytoplasm Amoeboid movement may persist in cells in which these changes have 
taken place, although it is sluggish and altered qualitatively Portions of the cell 
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membrane frequently round up and form vesicles which bud from the parent cell 
They contain fluid of very low viscosity, organoids and precipita, and are not ca- 
pable of amoeboid movement Clasmatocytes are characterized by the irreversible 
extrusion of long tubular, worm-like pseudopodia which may or may not separate 
from the parent cell This lytic type of budding is due to alterations m permeability 
of the cell membrane, and is a part of the death process The budding of the mega- 
loblast differs from that )ust described, in that it takes place m the living body, the 
bud IS motile, carries out its normal function, i e , transport of oxygen, and the 
parent cell does not exhibit moribund changes 
Primitive cells from connective tissue, lymph nodules, spleen and marrow, 
leukemic and sarcomatous cells and normal, but immature cells mobilized into the 
peripheral blood by unusual stimuli, are frequently delicate and at the same time 
turgid and incapable of amoeboid movement They often fragment without exhibit- 
ing many of the lytic changes previously described The bud produced contains the 
organoids of the parent cell and exhibits the characteristics of the intact parent 
cytoplasm It differs from the budding described for the red cell in that the bud is 
not motile, serves no useful function and is produced by the mechanical action of 
an unsuitable environment upon the cell 

The budding of platelets from megakaryocytes, although poorly understood is 
differentiable from the budding of megalo- and normoblasts because of qualities of 
the thromboplastid itself The platelet is an extremely labile thixotropic system 
which changes irreversibly from a rigid gel to a sol on contact with any wettable 
surface Eventually vesicles bud from its surface similar to those formed by the 
action of in vitro conditions upon normal cells 
The question then arises, are these “motile” erythrocytes to be construed as 
specific entities pathognomonic of the disease in which they are found or are they 
merely evidence of a greater or lesser “left shift” of erythroid elements in the 
marrow with a larger percentage of the circulating cytoplasmic units derived from 
more primitive cells The mouse (^Klieneberger^) and the rabbit (^Seyfarth®) nor- 
mally have many more circulating reticulocytes than does the adult human In a 
study of normal adult rabbits the author found some quite motile erythrocytes in 
every sample of blood examined They contained mitochondria and neutral red- 
staining granules and were in every way similar to those found in human macro- 
cytic anemia except that there was not the great variation in size and shape nor the 
pronounced hypochromia The same phenomenon was found in the mouse except 
that fewer of the cells showed motility Young animals of both species showed 
more motile erythrocytes than did the adults 

Discussion 

The normal process by which a mammalian erythrocyte is produced is one of 
budding m which the parent cell, i e , the normoblast, becomes separated into two 
fragments One contains a pyknotic nucleus, a shred of cytoplasm, and perhaps a 
few cellular organoids, the other is a disc of hemoglobin-laden cytoplasm with a 
cell membrane and occasionally a few mitochondria and neutral red-staining gran- 
ules This process has been seen to occur in vitro by the author It is, therefore, 
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perhaps inaccurate to speak of the normoblast as “extruding” its nucleus merely 
because the division is usually unequal and the nucleus-containing fragment smaller 
and sometimes apparently devoid of cytoplasm In the normal human adult the 
reticulocyte exhibits no motility This is because the normoblast from which it 
buds IS so mature as to have lost this quality Under conditions in which the mar- 
row IS unable to supply erythrocytes from mature normoblasts, younger and 
younger cells, with less hemoglobin and with other evidences of immaturity such 
as the presence of mitochondria and neutral red-staining granules, a more fluid 
cytoplasm, and amoeboid movement are called upon to supply these small packages 
of respiratory pigment, the erythrocytes Naturally, these red cells will to a certain 
extent exhibit the characteristics of their parent, i e , hypochromia, motdity, 
content of organoids, etc 

Werner Schultz® in a report based on a single case of untreated pernicious anemia 
described the formation of erythrocytes (blastopodiocytes) by localized budding 
of the cytoplasm of megaloblasts He regarded this budding as the true origin of the 
poikilocyte, and as a “pathological regeneration” limited to the megaloblast of 
pernicious anemia in the human adult and, consequently, a point of “functional” 
differentiation between this cell type and the “macroblast” of some other anemic 
states We cannot support his conclusions First, we have found this budding to 
occur in a variety of conditions other than pernicious anemia Second, poikilo- 
cytosis and motile” erythrocytes are by no means limited to pernicious anemia 
but may occur in the human adult in a variety of anemic states and in the rabbit 
and mouse under normal conditions The presence of large numbers of poikilocytic 
and motile erythrocytes is due to the absence of normal blast forms from which 
they may be budded 

Summary 

I With the aid of supravital studies and dark-field illumination, motile 
erythrocytes (capable of self initiated amoeboid-like change in form and, m some 
cases, movement from place to place) may be found in the peripheral blood of cases 
of anemia, particularly those of the macrocytic variety 

X These motile erythrocytes are usually hypochromic, contain imtochondria 
and neutral red-stainable granules, all of which are attributes of normal but im- 
mature red cells 

3 Motile erythrocytes similar to those found in the blood of human patients 
with anemias are found in the blood of normal rabbits and mice 

4 In the marrow of patients with macrocytic anemias, megaloblasts and mega 
locytes may be found which give rise to motile erythrocytes by budding 

5 Poikilocytosis, motility, paleness, content of mitochondria and neutral re 
stainablc granules, and origin by budding from a large parent cell do not differ 
cntiate the erythrocytes of pernicious anemia from those of other anemic states 
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CASE REPORT 


ULCERS OF THE LEG IN MEDITERRANEAN DISEASE 
B} J Earle Estes, M D , Eugene M Farber, M D , and J M Stickney, M D 

M editerranean disease, better known as Cooley's anemia, has been rcc 
ognized as a distinct clinical entity for only a little more than two decades 
In spite of this fact, an extensive literature on this comparatively rare disease has 
been developed and has recently been reviewed by Wolman and Dickstein ^ It was 
not recognized until recent years that Mediterranean disease occurred in adult 
persons as ■'veil as in children What was formerly considered to be a severe, invari- 
ably fatal disease of childhood has been found to be a disease which varies greatly 
in severity It may be so mild as to give rise to no clinical symptoms A carrier state 
has been thought to exist in which, although a person does not have symptoms o 
Mediterranean disease, he may pass on to his progeny a genetic trait which ulti- 
mately may result in a clinically recognizable form of the illness Thus, Mediter- 
ranean disease can exist in a patient of any age, and it may be severe, mild or 
clinically detectable only by a thorough study of the blood 

Three adult patients who had Mediterranean disease of varying seventy were 
studied at the Mayo Clinic in October of 1946 They were sisters of Italian descent, 
all 3 at one time or another had had ulcerations of the skin of the legs A stu y 0 
the literature on Mediterranean disease has failed to disclose mention of ulcers 0 
the leg occurring in this type of anemia It is the purpose of this paper to 
ulceration of the skin of the legs as a manifestation of Mediterranean disease ac ^ 
of these patients stated that she had been anemic many years, and that a diagnosis 

of Cooley’s anemia had been made many times ^ 

The first patient was a 30 year old Italian woman who complained of soreness 
the right upper abdominal quadrant She had been informed by her loca p 
that she had gallstones When she had been 14 years old, ulceration o t e s 
over the medial aspect of the left ankle had developed This had lasted about a y 
and had healed slowly, leaving a scar During the general physical 
moderate pallor of the oral mucous membrane was seen There was tenderne 
deep palpation in the right subcostal region, and the tip of the spleen co c 
4 cm below the left costal margin A small pigmented scar was seen 
medial aspect of the left ankle There were no other significant physical obsc 
tions Except for the ulcers on the leg, this patient had not been incapacitate 

her disease - 1 

The second patient was X3 years old She came to the clinic because o an 
of the skin on her right leg When she had been iz. years of age, two ulcers over 
midportion of the right leg had developed These had lasted for two years au^ 
finally had healed, leaving scars At 15 years of age an ulcer above the right atera 

From the DiMsion of Medicine and Section on Dermatology and Sj-philology, Mayo Clinic 
Xtaco Foundation, Rochester, Minnesota 
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malleolus had appeared and had lasted for two years before it healed At xo years 
an ulcer had developed above the left lateral malleolus This had been treated with 
balsam of Peru, but at the time of the examination it had not healed In spite of 
long-existing anemia, in which the patient said the value for hemoglobin had 
averaged 8 Gm per 100 cc of blood for many years, she had not been incapacitated 
except by the ulcers of the leg During the general physical examination a yellow 
pallor of the skin was noted A systolic murmur was heard over the entire pre- 
cordium The spleen was palpable 7 cm below the left costal margin, and the liver 



Fig I Indolent Ulcer ON THB Left Leg OF A Female Patient XwENTTi-TimEB Years Old Who 
Had Mediterranean Anemia Note the Atrophic Scars at the Sites of Old Healed Ulcers 


was enlarged to a point 3 cm below the right costal margin An ischemic-appearing 
indolent ulcer 4 cm in diameter was present on the lateral surface of the left leg 
above the external malleolus (fig i) The border of this ulcer was irregular, but 
was not undermined There was considerable hyperpigmentation at the periphery 
of the ulcer, but in this zone there was only minimal cutaneous sclerosis The base 
of the ulcer was clean Three scars, the sites of previous ulceration, were noted (i) 
on the right leg, (x) on the anterior surface of the left leg, in its upper third part 
and (3) on the lateral surface of the left leg These scars had a hyperpigmented 
periphery and a glossy, atrophic center There were no other significant physical 
obser\ ations 
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The third patient was 19 years old She came to the clinic because she had an 
ulcer on her right ankle which had remained unhealed for a year When she had 
been 17 years old an ulcer on the left ankle had developed which had been treated 
with penicillin without apparent effect This ulcer had healed slowly over a period 
of eighteen months A year later an ulcer on the right ankle had appeared and had 
been treated with balsam of Peru, but it had not healed 
During the general physical examination pallor of the mucous membranes and 
yellow pallor of the skin were noted The heart was enlarged and the apical im- 
pulse could be palpated at the anterior axillary line A loud blowing systolic mur- 
mur was heard over the entire prccordium, and it was maximal at the cardiac apex 
Dyspnea was evident when the patient was at rest, and was pronounced after any 
exertion The spleen extended to the umbilicus, and the liver was palpable 7 cm 
below the right costal margin A triangular ulceration of the skin i 5 cm in diam- 
eter was noted just distal to the right external malleolus This ulcer was similar 
to the one described in the second patient The present patient was suffering from 
a severe form of Mediterranean disease, and was greatly handicapped 

In none of these patients was there evidence of arterial or venous insufficiency m 
the extremities Local treatment for the ulcers and the administration of iron, liver 
extract and whole blood had not brought about any improvement in the ulcers or 
the general health of the patients In roentgenograms of the skull, only those of the 
third patient demonstrated changes of significance General osteoporosis, with 
thinning of both the inner and outer tables of the skull, was noted 
In smears of specimens of blood from all 3 patients similar changes characteristic 
of Mediterranean disease were seen The changes were of a seventy in proportion 
to the extent of the anemia These changes consisted of a great variation in the size 
and shape of erythrocytes, with many microcytes but no spherocytes Hypochro- 
masia and polychromatophilia were marked, and normoblasts were present Target 
cells were seen in all smears, but they were not conspicuous Myeloid immaturity 
was not noted 

Studies of sternal bone marrow were made in each case In all three there was 


hyperplastic erythropoiesis of the normoblastic type Megaloblasts were not seen 
It may be of some significance that the mature erythrocytes in the marrow smears 
were of more uniform size and shape than were those seen in specimens of periphcm 
blood Pertinent laboratory data arc summarized in table i ^ 

The diagnosis of Mediterranean disease was made in these three cases on the basis 
of familial anemia, increased resistance of the erythrocytes to hemolysis m hypo* 
tonic solution of sodium chloride, very active normoblastic erythropoiesis, and the 


failure of the anemia to respond to any therapy No other cause for the anemia 
could be found Sickle cell anemia was eliminated by the absence of sickling, an 
congenital hemolytic icterus, had it been present, should have produced sphero- 


cytosis and increased fragility of the erythrocytes 

A piece of skin was removed for biopsy from the margin of the ulcer on the leg 
of the 2.3 year old patient Epidermal changes consisted of minimal hyperkeratosis 
and irregular acanthosis In the upper half of the cutis the capillaries and arterioles 
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were increased in size and number, and there was moderate infiltration of lympho- 
cytes, connective-tissue cells, chromatophores and polymorphonuclear leukocytes 
In the midportion of the cutis there were several areas of beginning necrosis with 


Table i — Rt suits of Laborator} Stuches Three Patients with Mediterranean Disease 


Test 

Patient 

1 

2 

3 

Hemoglobin, grams per 100 cc 

i 10 0 

8 I 

6 3 

Erythrocytes, per cubic millimeter 

4,j-4o,ooo 

4,140,000 

1,870,000 

Leukocytes, per cubic millimeter 

10, 900 

11,500 

6,300 

Erythrocyte fragility in sodium chlondc 




solution, per cent 

t 42.- 2.8* 

46- 18* 

44- 2.8* 

Beck and Hertz 

No siclding 

No sickling 

No sickhng 

Serum biliruhin, milligrams per 100 cc 




Direct 

0 

0 

0 

Indirect 

I 3 

1 3 

I 7 

Fecal urobilinogen, milligrams (z4 hour 

1 



excreuon) 

109 

188 

XL3 


169 1 

^89 

144 


* Incomplete 



Fig i SpEaMEN Taken por Biopsy prom the Margin of an Ulcer on the Leg of a Patient w ith 
Mediterranean Anemia, Showing Dense Deposits of Iron in the Midportion 
AND Lower Portion of the Cutis (Hematoxylin and Eosin X2.5) 

disintegration of cells, so that recognition of cell types in these areas was not 
possible Elastic tissue was absent throughout the upper portion of the cutis, and 
ver)^ little clastic tissue was present in the vessels Degenerative changes, homo- 
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gcnization of collagen and moderate edema were seen in the arteriolar walls In 
occasional vessels there was proliferative intimal thickening, although in most of 
the vessels there was no significant alteration of wall-to-lumcn ratio Dense de- 
posits of iron (fig z) were seen in the midportions and lower portions of the cutis 
stained with ferric thiocyanide 

The dense deposits of iron in these sections are of great interest Whipple and 
Bradford- have studied the deposition of iron-containing pigment in the organs of 
patients who died of Mediterranean disease They considered this pigment to be as 
characteristic of the disease as is any other finding It resembles that seen in hemo- 
chromatosis in adult persons and is seen in most of the organs of the body Whipple 
and Bradford made no mention of such deposits in the skin Mills^ has reported 
results of a postmortem study of the skin of a child who died of Mediterranean dis- 
ease He considered the pigment he found to be melanin, and not hemosiderin 
When the differential diagnosis of ulcers on the legs of these patients was con- 
sidered, It was apparent that the lesions were not secondary to occlusive arterial 
diseases such as thrombo-angiitis or arteriosclerosis obliterans The absence of 
hypertension excluded the possibility of the ischemic type of ulceration occasion- 
ally associated with hypertension Venous stasis could not have caused the ulcers 
because there were no varicose veins and chronic venous insufficiency was not pres- 
ent Trophic disturbances such as might be caused by syringomyelia, tumor of the 
spinal cord or tabes dorsalis were excluded Chronic granulomas as seen in syphilis, 
tuberculosis, sarcoidosis or dcrmatomycosis would have produced different histo- 
pathologic changes 

The ulcerations of the skin of the legs which occur m sickle cell anemia and con- 
genital hemolytic icterus do not have a distinctive gross appearance which could 
be used to distinguish them from each other or from those in the patients we are 
discussing It seems to us that the chronic ulcer on the leg of an anemic patient is 
not pathognomonic of a specific type of anemia The exact character of the anemia 
must be determined by appropriate clinical and hematologic study 

Summary 

Ulceration of the skin of the legs may occur in Mediterranean disease Such 
ulceration cannot be distinguished grossly from that occurring in sickle cell anemia 
and congenital hemolytic icterus The outstanding histologic feature (noted at 
biopsy of one of these ulcers) is the prominent deposition of iron in the cutis 
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The Hemolytic Crisis 

T he hemolytic crisis which occurs so suddenly in cases of familial hemo- 
lytic jaundice (familial spherocytosis) has excited interest but its pathogenesis 
has remained a mystery since it was first described as “crise de deglobulization 
Adding to Its mystery is its fairly frequent occurence in successive members of the 
same family, the cases usually appearing within a few days of each other 
During the crisis there is a precipitous reduction in the red cell count, accom- 
panied by such constitutional symptoms as fever, vomiting and malaise Some blood 
findings havereceived relatively scant attention, although occasional observers have 
noted the rather paradoxical reductions in leukocytes, platelets and reticulocytes 
which may be present — paradoxical because in excessive blood destruction one 
expects regenerative efforts on the part of the bone marrow with resultant increases 
in reticulocytes, leukocytes and platelets What is more, reticulocytosis is con- 
sidered almost as pathognomonic a finding of the disease as spherocytosis 
Some years ago, I remarked on the pancytopenia which occurred in three cases of 
familial crisis^ and stated that one may speculate as to whether this is due to 
a hormonal mfluence of the spleen on the marrow, with the result that the matura- 
tion or delivery of cells to the circulation becomes inhibited ” In studying a recent 
case* Bloom and I found, during the crisis, marked pancytopenia with a complete 
lack of reticulocytes for four days Simultaneously, the marrow showed maturation 
arrest of the nucleated red cells at the primitive or erythrogonc level When the 
arrested maturation was spontaneously re-established, reticulocytosis took place 
m the peripheral blood and the blood counts then returned to pre-crisis levels 
We have interpreted the events occurring in crisis as due largely to ’ hypersplenic ’ 
effects with resultant hyperhemolysis, as well as inhibitory effects upon the mar- 
row, the latter resulting in maturation arrest and diminished delivery of marrow 
cells to the blood 

Owrcn, whose comprehensive article on the hemolytic crisis appears in this 
issue, submits a different interpretation for the same set of data He states that there 
IS no evidence for increased hemolysis during crisis but that the extreme reductions 
in red cells, leukocytes, platelets and reticulocytes arc due to a sudden hypoplastic 
or aplastic disturbance in the marrow On the other hand, the extreme spherocy- 
tosis of the crisis, the drop in red cell count of from i o to 3 o millions within a day 
or two of onset and the remarkably quick response in all the various blood cellular 
constituents which occurs with splenectomy, would seem to argue against Owren’s 
thesis Nevertheless, Owen’s observations are of unusual interest and should serve to 
provoke further work on the pathogenesis of the crisis, and, indeed, on the funda- 
mental mechanisms of familial hemolytic spherocytosis as well It is likely that 

Dameshek, Wilham and Bloom, MarMn S The E\cnts in the Hemohtic Crisis ^\lch Particular 
Reference to Rcticuloct topenia To be published in one of the forthcoming issues of Bltod dedicated 
to Dr George R Minot 
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two mechanisms, acting simultaneously, are responsible for the extremely rapid 
drops in red cell count (i) maturation arrest and (l) hyperhemolysis 

The development of extreme spherocytosis in the crisis might indicate that this 
was due to the activity of some extrinisic hemolytic factor acting upon mature red 
cells, thus causing their rapid destruction If this is true for the crisis, m which we 
have occasionally found the presence of a serum auto-hemolysin, it is also a possi- 
bility for the less marked spherocytosis and anemia during the long periods be- 
tween crises In other words, is congenital spherocytosis really due to a funda- 
mental defect in crythropoicsis as most observers maintain, or is it dependent 
upon the action of some hemolytic factor which may be specific for the individual’s 
own red cells? In favor of this concept is the relatively large size of the poly- 
chromatophilic reticulocytes, which arc quite in contrast with the more mature 
orthochromatic sphcrocytcs This might indicate that ‘ hemolysin" has converted 
normal non-nuclcatcd reticulocytes to injured red cells, i e the spherocytes This 
would take the disease out of the bone marrow and into some vascular or intra- 
vascular site Be that as it may, there are still many unsolved problems in this, the 
first described and best known form of hemolytic anemia, and a portent of work 
to come 

William Dameshek 
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ERYTHROCYTES AND ERYTHROCYTIC DISEASE 

Chemical Factors in Pernicious Anesha H K Ktnf, From the Bacteriology Department, Edinburgh 
University, Edinburgh, Scotland Edinburgh M J /v 50-60, January 1947 

This article summarizes the many attempts which have been made to assay the antiancmic factor in 
pernicious anemia The limitations of present knowledge of the intrinsic, extrinsic and liver factors are 
evident from this discussion With the impetus provided by folic acid towards the isolaaon of these 
factors in their pure chemical state, the article is timely in expressing the need for a satisfactory method 
other than therapeutic trial in patients for assaying newly prepared compounds One hundred and one 
references arc cited 

C A F 

Castle sTest inPernioous Tapeworm Anemia Dipetelobothrium Latum and Pernioous Anemia 
Vn B vonBonsdorff Helsingfors, Finland Acta Med Scand Suppl 156, Hilding Bcrglund Anivcrsary 
Volume P 456-477, 1947 

Tapeworm anemia of pernicious type is the classic problem of Finnish hematology The author 
has published a series of very interesting mvcstigations on the gastric secretion in this condition It has 
been shown that liver extracts, either intramuscularly or pcrorally as well as desiccated stomach peror- 
ally, arc able to induce a remission in this malady The paper deals with the action of intrinsic plus 
extrinsic factor in tapeworm anemia BonsdorfF has already shown that intrinsic factor is present in the 
gastric juice of these patients There is no remission if the worm is expelled and the pauent is living on a 
diet free from extrinsic factor (Extrinsic factor however was obviously available in the diets of these 
anemic patients ) 

A large senes of very thorough experiments were performed and it was found that mixture of extrinsic 
factor (meat or veast extracts) and intrmsic factor (human gastric juice) gave no response in tapeworm 
anemia The same preparations were active in cryptogcnctic pernicious anemia The results were con- 
stantly negative regardless of whether the mixture was meubated for 6 hours before administration or not 
The explanation of these data is discussed It is pointed out that the In cr principle itself is not formed 
iH vitro The hypothesis of Formijne that the interaction of the two factors (ex- and in-) takes place in 
the intestinal wall is discussed The inhibiting effect of the tapeworm should then occur at this level 

J w 

The^ Intrinsic Factor Activity of Highly Purihed Preparations of AAnNOPOLYTEPnoASE II G 
Airtn andj Waldenstrom From the Department of Medical Chcmistrj and the Medical Clinic of the 
University, Uppsala, Sweden Acta Med Scand Suppl 196 Hilding Bcrglund, Annnersan^ Vol 
urac, p 431.-455, 1347 

Agren has pointed out that the intrinsic factor ma) well be identical with the enzjme aminopol)- 
pcptidasc that has been purified and insestigatcd b) him Concentrated enzjmc preparations were used 
as a source of intrinsic factor and incubated with beef muscles that had been prcdigcstcd with pepsin 
This preparation seemed to be acme Control experiments were performed on 2. patients with onK 
ammopoK peptidase without beef In one case the effect as regards rcticuloct res and bone-marrow was 
ncgatitc The serum iron possibl) dropped somewhat The effect of later peroral doses of folic acid was 
excellent In the second case there was a definite drop of the scrum iron and an irregular increase in 

309 




310 


austracts 


rcticiilocj tcs \Mth 1 normoblastic reaction in the bone mirrovs There s\as no sccondar) cfTcctoffol 
acid as regards rcticuloc) tes, but there was a good increase in erjthrocjtcs and hemoglobin The 
results tend to show that the enz) me preparation ma> be actt\ c w ithout the presence of extrinsic facto 
The authors point out that further experiments arc necessars 

J 

Ok the Curatix'E ErrEcr of Purf Duodekat. Secretiok from Swukf ik Cases of Perkicioos Anemi/ 
E Euiidboc-Chnstdiseii ttiitl C L S Bohn From the Department of Anatoms , Faculty of Mediant 
Unis ersit) of Copenhagen Acta Med Scand ray 116-119,1947 

The authors studied the cfTcct of the juice from a duodenal pouch in sssinc This is regarded as th 
onl) ssa) of asoiding contamination ssith gastric secretions One patient got 150 ml duodenal juic 
datl) for tsso sseehs Some pepsin and some HCI s\crc added The food of the patientss'as notcontrollcd 
There ssas no immediate increase in rcticuloc) tes but the second response to desiccated stomach alsi 
gase sen poor results In the second case 150 ml pure duodenal juice ssas gisen svith a noncontrollci 
food intake for ten dajs The rcticulocstc response ssas quick and marked The bone marross changci 
from mcgalo- to normoblastic Lis cr extracts gase no secondars reticuloc) te reaction The authors con 
elude that an antipernicious-ancmia-factor is present in the duodenal secretion from sssine Thes pom 
out that there ma) be difTcrcnccs betss cen the conditions in man and in animals 

It seems to the rcsiesscr that the effect of purified aminopols peptidase solutions mentioned in thi 
prcs'ious paper and the cffcctiseness of pure duodenal juice should be further inscstigated as it mas gi'< 
a clue to the real nature of Castle s principle 

Aneshe Hxperciirome ax’ec Megaeocstes, Rlfractaire a l Hepatotherapie Achrestic Anemia 
E F J H Ealger From the Clinique Mcdicale de 1 H6pital St Jan, Zaandam, Holland Acta Med 
Scand ad 505-517, 1947 

There has been considerable discussion about the real nature of achrestic anemia as described by 
Wilkinson and it seems as if most continental hematologists regard it as a type of aplastic anemia that 
has nothing to do with picrnicious anemia The recent successful treatment of such li\er refracton uasei 
with folic acid gixes this problem more than academic interest The author is of the opinion that these 
cases has c a really megaloblastic bone marrow in spite of the presence of hi drochloric acid in the gastric 
juice There were no symptoms from the nerxous system Potent liver extracts gavm no reticulocy tosis 
and no drop in the serum iron Big transfusions were necessary Nicotinic acid and y cast extracts were not 
of any help in the first ease The second one developed anemia during her pregnanev After delivery the 
anemia progressed and was not influenced by large doses of different liver extracts Later there was foun 
an irregular rise in reticulocy tes and there was a slow improvement of the blood values After one vear 
there was still a definite macrocytic anemia but the megaloblastic bone-marrow had become normal 
In both cases it seems as if the gastric juice would have been free from intrinsic factor 

Possibly these cases might respond to treatment with folic acid ^ 

Pernicious Anemia IN Childhood II Response to Folic Acid J C Peterson From the Department of 
Pediatries, Vanderbilt University School of Medicine, Nashville, Tenn Am J Dis Child 73 57 
580, 1947 gg 

The author gives a brief follow-up report on a prcviouslv described CAm J Di' Child 71 zyi- > 

1946} ease of pernicious anemia in a 6 year old girl whose history of anemia dated back to the age 0 
months There was maximal response to administration of liver extract, but continuous therapy vvas 
required to maintain a remission From 1940 to 1946 she was observed during the course of five re 
lapses, some specifically induced by withdrawal of treatment During such a relapse in 194^ 
given 5 mg of folic acid orally twice daily The response to folic acid was similar to that prev louslv ob 
serv'cd following the administration of liver extract 

ley 

The Clinical Manifestations OF Sickle Cell Anemia V Groier Brooklyn, N Y Ann Int Med 

843-851. 1947 

This article, which tabulates the signs and symptoms of 48 patients with sickle cell anemia, provides 
useful data as to the incidence of these v anous manifestations Of interest is the height of fev er (^although 
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It IS not clear whether this is related to incurrent infection or to the sickle cell disease), the frequency of 
pain in the lower extremcties and abdomen, the leg ulceration observed m 15 per cent of the cases, the 
presence of mental deficienc}’- in 7 cases, and various cardiac manifestations The authors also remark 
on the rapid change in size of the spleen and liver over a number of days 

C A F 

Lipid Metabousm and Development of Anesha in SPLENECTOsnzED Guinea Pigs Fed Cholesterol 
B Kctinedy and R Okey From the Department of Home Economics, University of California, Berkelev 
Am J Physiol 149 1-6, 1947 

Gumea pigs fed diets containing i per cent cholesterol and 15 per cent fat develop, in chronologic 
order, fatty li\crs rich in cholesterol, splcnomegal) , and severe anemia in which the red cells are both 
excessively fragile and excessively resistant to hj'potonic soluuons The rcsnltmg syndrome is a hemo- 
l)tic anemia and includes anemia, hyperbilirubinemia, bone marrow hyperplasia, pigment gallstones, 
and hemosiderosis This disease is frequently cured by splenectomy The authors wondered whether the 
anemia could, therefore, be due to the splenic h)q)crplasia, c g , an enlarged spleen excessively destroying 
red cells 

They therefore first splcnectomizcd guinea pigs and then, after a control period of waiting, fed them 
cholesterol and fat The resulting animals lost -weight and developed anemia -with hemolysis just as the 
origmal guinea pigs The liver and blood lipids, and the incidence of gallstones, were identical in splenec- 
tomizcd and intact guinea pigs The conclusion was therefore reached that the spleen was not primarily 
responsible for the anemia 

A parallel may be drawn to the congenital spherocytosis of human beings, in which splenectomy, by 
removing the chief site of red cell destruction, cures ’ the hemol) tic syndrome, although the fimda- 
mcntal aberration (spherocytosis) remains It seems more than ever advantageous to divide hemol) tic 
anemias mto three types (i) intrinsic defects of the red cells, making them especially vulnerable to the 
normal action of the spleen, (l) action of demonstrable or nondcmonstrable plasma or tissue substances 
on originally normal red cells (e g , circulating agglutinins) The guinea pig anemia probably fits best 
here Such damaged red cells arc also parucularl) liable to destruction, especially in the spleen, and (3) 
excessive destruction of normal red ceils by a h)'pcractivc spleen (hypersplcnic hemolytic anemia) In 
all three types, splenectomy may be curative , but it is onl) in the relatively rare third category that 
the spleen is fundamentally responsible for the disease 

S E 

The Use op Folic Aqd in Sprue R M Suarez, T D Spees, and R M Suarez, Jr From the School of 
Tropical Medicine of Puerto Rico, San Juan Puerto Rico, and the University of Cincinnati, Cincinnati, 
Ohio Ann Int Med , 26 643-677, 1947 

This IS a comprehensive report on the management 01)0 cases of tropical sprue v ith folic acid T w ent) - 
two cases were acute and scsere These cases were thoroughly studied with sternal marrow differential 
counts, complete hematologic studies of the peripheral blood, blood chemistries, gastric anahscs, stool 
urobilinogen, and the fat content and fat partition of the stools Of particular interest arc the changes in 
stool, glucose tolerance tests and hematologic picture after treatment Admission stools on it patients 
averaged 19 i8 per cent solid material in fresh feces, t 6 46 per cent total fat in dried feces, 79 31 per cent 
free fatty acids and 85 u. per cent of total split fats A few days after treatment the solid content of 
feces was 13 ig per cent, and there was to 76 per cent total fat in dried feces, 67 33 per cent being free 
farry acids and total split fat being ji 75 per cent (Normal values for solids t) T3 per cent, total fats in 
dried feces ti T3 per cent, free fatty acids 66 77 per cent, and total split fat yr t8 per cent ) Oral glucose 
tolerance tests before treatment showxd an increase in blood sugar of between i and 3T 5 mg per cent 
After I to T months treatment all but t showed improacmcnt and 6 of 14 showed a rise of greater than 40 
mg per cent 

Ten cases were summarized with a discussion of rcticuloci tc and red cell responses to \ar) ing doses 
of folic acid The patients were maintained on cither a diet poor in proteins or a sprue diet rich in these 
materials On the poor diet hematologic response was submaximal cicn with doses up to 100 mg of 
folic acid With an adequate diet a dail) dose of to mg of folic acid b\ mouth ga\c a good initial re- 
sponse The authors state that the patients arc maintained on as little as zi to 5 mg per da\ Follow-up 
on these patients extended o\cr onl) i to 4 months 
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S^NTiiirric Folic Acid The ErrEcrivBNnss of a Conjugated FoRAf jn the Treatment op Tropic/ 
Sprue, Addisonian Pernicious Anemia and Nutritional Macrocvtic Anesha T D Spies, G C 
Lopez, r Ms/aiies, am! T Arawhuru From the University of Cincinmci at HiJJraan HospitsJ, Birminj 
him, ind the Calivco Garcii Hospital and the Unisersity of Hasana, Cuba JAMA 1^4 i 8 -ic 

1947 

This IS another report on tlic clinicil elTicac}, in the treatment of macrocy tic anemias, ofcompomd 
similar chemicillj to folic icid To date, these substances can be classified into three groups (i)pttroyl 
glutamic acid, which is the compound found in liter L casci factor, in jeast L casci factor, and viuniii 
Soi (0 pterojl-diglutamjl glutamic acid, which is the fermentation L casci factor, and (3) ptcroyl 
hexaglutamvl glutamic acid, which is the ‘ vitamin Bj conjugate" material The chemical differcoct 
among these substances lies in the number of glutamic acid residues per molecule 

The present report relates the response of patients with macrocjtic anemias to pteroylAiglatamr^ 
glutamic acid, with the usual rcticulocj tosis and subsequent clinical and laboratorj improvement 
similar response to ptcrojl-glutami 1 glutamic acid (i glutamic acid residues) has previously been pa! 
lishcd(T D Spies, R E Stone, and R L Toca, South Med J 40 173-6,1947) 

The authors suggest that the more complicated chemical compounds, such as the hcxaglutam] 
compound of Mtamin conjugate, maj be broken down with difficulty b) some patients with macu 
cytic anemias The relatisc efficacies of these and other similar compounds may ultimately help t 
elucidate their manner of action in pernicious anemia, and perhaps to discover an idea! substance fc 
clinical use 

S E 


The Blood Picture and Plasma Protein Level Following Injurs / Vaughan, M Thomson and M 

D)son From the N \V London Blood Suppl) Depot, London, England J Path ABact jS 749-7^5 

1947 

Under vcT) crying war-time conditions the three groups of patients studied consisted of (i) accident 
other than those due to enemy action, (a) industrial accidents in which superficial bums were associate! 
with fractures, and (3) accidents due to enemy action The results of the various determinations showtt 
that both erythrocyte and hemoglobin values fall during the first week and then rise to a higher level 
Rcticuloc) res were low immediately following the injur)% but rose to the upper limit of normal im 
mediately preceding the rise in hemoglobin The elevated sedimentation rate was very likely due totht 
increased plasma fibrinogen Although the leukocytes decreased slightly during the period of observation, 
hcv remained within normal limits Leukopenia was not encountered 
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The Effect of Different Diets and of Iron Medication on the Nutritional Anemia of Indian Armi 
Recruits M Hjnes, M. Ishaip, and 0 P Vemna From the Anemia Invesagation Team, Medica 
Directorate, General Headquarters, India The Indian J M Research $4 173-2.88, 1946 
In a preceding report this team of investigators had shown a correlation between the presence 0 
anemia and evidence of malnutrition as indicated by muscular development and dermal and ocular signs 
of vitamm deficiency There was found to be a direct correlation between the hemoglobin level and t 
cell volume and mean corpuscular hemoglobin concentration so that all severe or moderately 
anemias were microcytic and hypochromic It was noted that the amount of hookworm infection con 
be correlated with the severity of the anemia in only the more malnourished third of the recruits 
During the first six months after induction there was a rise in the hcmoglobm level in the group ffiat 
was given the army diet alone, but the most severe anemias did not reach a normal level at the cn 0 
SIX months It was found that three grams of ferrous sulfate daily cured all the anemias at the en 0 
four months and was judged to be as effective as six grams daily The rate of hemoglobin rise was less in 
both the treated and control group if milk was substituted for meat as the source of protein in the diet 
It vvas found that hookworm infection did not interfere with the rate of hemoglobin regeneration but 
that septic infections of the areolar tissue, tonsillitis and malaria depressed hemoglobin regeneration 
This IS an excellently controlled mass study of the effect of iron therapy and gross alterations in the diet 
on hemoglobin regeneration in human subjects 

R S E 
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Les Maladies Eritiirlmiquls (Crltiiremic Diseases) G Dt Gughtltiio, Dircctcur dc I’lnstitut dc patho- 
logic spccnlcdc Naples (Inlj) Res Hdinit I 355-398,19^6 

Tins important stud} is founded on So obscraations of cr) tlircmn (Er) throlcukcmia) most of them 
published in ItaK and in particular b\ Di Gugliclmo who was the first to describe the disease in 1917 
The author defines the disease as follows Generaluaid prinntise proliferation of the erythroblastic 
senes, which ma\ be acute or chronic, occur in all ages without sc\ preference The acute form, the less 
rare, was the first to be known The symptoms arc the following Anemia, feser, splenomegaly and 
hepatomegah In the blood aoung cnthroblasts ire seen, which is often at}picai, and there is in the 
cr) thropoictic center an embr\ onnic proliferation of cr) throblasts The c\ olution lasts onl) a few w-ecks 
The chronic form is also marked b\ anemia and hcpato-splcnomcgal) , but the crythroblasts found in 
the peripheral blood arc more mature forms The duration of this form is about two ) cars 

In both forms, the anemia is a constant feature, and always seaerc The mechanism is complex lack 
of formation of normal era throblasts and increased destruction of abnormal red cells in peripheral blood 
The author supplies rich pathologic material from biopsies and postmortem examinations (illustrated by 
zS microphotograph ic and color plates) There is a striking cr) throblastic proliferation and an important 
rcticulo-cndothclial proliferation in the bone marrow, hiiiph nodes, lucr, and also in the kidnc)s, heart, 
pancreas, and adrenals A complete bibliograplu terminates this weight) stud) 
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Inherited Disorders or THE Blood IV Rodents H Gmtbcrg Proc Ro) Soc Med 40 191-191,1947 
The author of this short note has done a large amount of work on hcrcditar) mechanisms of various 
anemias in the rat and the mouse Most of the work is not ob\ lousl) related to clinical mechanisms, but 
relationships between certain of these disorders and certain anemias in man ha\c been suggested 

Se\cn disorders arc discussed b) Gruneberg Among these scscral arc of special interest Siderocytic 
anemia of the mouse is associated with a rcccssnc gene for certain other characteristics, the character- 
istic finding is the presence of nonhcmogiobin iron in the cr) throc) tes Gruneberg conccncs of these cells 
as aged cells, counterparts of the reticuloct tes, and notes that thc) arc present in various human hemo- 
1) tic anemias in proportion to thc scacrit) of thc hcmolvsis 

A lethal sphcroc) tic anemia occurs as a reccssiac characteristic in thc rat which Gruneberg attributes 
tc a faulty marrow which produces red cells of inferior qualit) , whose sursival time in thc circulation is 
reduced This anemia is not analogous to familial spherocytosis of human beings A second form of 
familial hemolytic anemia, howcacr, occurs as thc recessive acholuric jaundice of thc rat Homozygotes 
haa'c microc) tosis, increased hypotonic fragility, jaundice, and splenoracgal) Heterozygotes may show 
no abnormalit) , or may show increased h) potonic fragility and rcticuloc)'tosis without jaundice Thc 
possible relationship of this disorder, whose heredity has been worked out, to familial sphcroc) tosis of 
humans is intriguing Thc disease in thc rat, howcacr, is not cured by splenectomy, so that a definite 
parallel cannot be drawm 

As m other fields in medicine, study of disorders occurring in animals breeding under controlled 
laboratory conditions may be expected to shed light on similar disorders in thc clinic Thc use of known 
hcrcdiury mechanisms in rodents to elucidate thc mechanisms of similar human disorders is another line 
of attack in these still puzzling problems 

S E 

Haemolytic Ictbeus (Acholuric Jaundice), Congenital and Acquired J F Louttt and P L Molluon 
From thc South London Blood Supply Depot, London, England J Path & Bact 7# 711-718, 1947 
Hemolytic anemias have been thc center of much controversy ever since they were first studied Thc 
present aruclc contains evidence which indicates that congenital and acquired cases of hcmolyac icterus 
*tc both physiologically and serologically different from each other They are two etiologically different 
conditions within thc syndrome of acholuric jaundice Some of the evidence m support of this belief is 
that when normal blood is transfused to recipients with thc congenital type of anemia, thc survival of 
these cells is from loo-izo days But when recipients with thc acquired type of anemia arc transfused with 
normal blood, thc survival of the cells is markedly reduced In addition to this, when washed red cells 
from eases of congenital acholuric jaundice arc tested for agglutination with anti-human-scrum scrum 
thc) are not agglutinated, but cells from eases of acquired acholuric jaundice readily agglutinate Loutit 
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md Moliiwn believe tint the congenital ttpc of hemolytic icterus js due to a hereditary defect of tk 
crythroid elements and that in the acquired type an abnormal hemolysin co hemolysin sy'stem is id 
action 
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Furtiii R STtiDiis ON Till' Rpi ATioNsiiip BmsECN Cell Permeadiuts and Metadolism The Effect or 
Certain Respirators Imiiiiitors on anir Pprmpaiiiuts or Erythrocytes to Non Electrocttfs 
r R Htmtir rromrhcDcpircmcntofZoology.Unnersity ofOhlahoma, Norman, Oklahoma J Cell 
ik Comp Physiol 2^ 301-311,19^7 

The purpose of the experiments reported in this paper as as to determine sshether or not selective 
pcrmeahilitv depends on energy derned from metabolic activities within the cell For this purpose 
beef and chicken blood was used Substances, such as potassium cyanide, sodium fluoride, arsemons 
oxide and lodoacctatc, w Inch interfere with metabolic activ ities, were allowed to act on blood corpuscles 
at 37° ±; o 1° C for varying periods of time Although metabolic systems were sensitive to these sub- 
stances and inhibited b\ them, there was not a change in the permeability Apparently the permeability 
of the cr\ throev tc to non-clcctrolv tes docs not depend on energy derned from either aerobic or anaerobic 
metabolism 
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The ErrECT or Washino ON THE PERMBAniciTV and McTAnoussr or Chicren Erythrocytes F R Hmttr 
From the Department of Zoology , University of Oklahoma, Norman, Oklahoma J Cell &.Comp 
Physiol. ap 313-311,1947 

In the prcMous paper, metabolic actn itics of cry throcy tes were inhibited by the addition of various 
substances In the present paper, similar activities have been influenced by remov ing certain components 
of the enzy mc-substratc b\ washing chicken cry throcy tes three or four times with Ringcr-Lockc solution 
In so doing, anaerobic glycolysis was reduced to an immeasurable level Unhcmolyzed cells were present 
after they had been exposed to anaerobic conditions for as long as 384 hours In these experiments, it was 
necessary co av'oid contamination with hemolytic bacteria The results of these experiments show that 
permeability of the chicken cry throcyte to glycerol docs not depend on energy derived from cell metab 
ohsm 
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Demonstration ot Anthiodies in Acquired Hemolytic Anesoa wuth Anti-Human Globuun Serow 
R S Evans, R T Duane ami V Behrendt From the Department of Medicine, Stanford University 
School of Medicine, San Francisco, Calif Proc Soc Expicr Biol Sc Med 64 372.-375, 

The Coombs test which determines the red cell agglutinating effect of scrum from rabbits im 
munizcd against human serum globulins, was applied with positivx results in two cases with , 

hcmolync anemia, indicating the presence of an adsorbed immune body type of hemolytic agent attac 
to their erythrocytes Normal blood transfused into these patients shared in the hemolytic process, pre 
sumably as a result of exposure of the donor cells to, and their adsorption of, a hemolytic agent present 
in the circulation of the recipients It was not possible to demonstrate any hemolytic properties, or a 
sorbablc antibodies in the scrums of these patients, which may be explained on the basis of a continuous 
excess of antigen provided by the circulating red cell mass Support for this thesis was obtained rom 
experiments in which the immune substance, probably the activx anti-rcd cell antibody, was eJnt m 
warm saline from the affected red cells of the patients, and then combined, in vitro, with normal cc s 

CPE 

fixUDE SUE L ICTERB H&AOLYTIQUE EXPERIMENTAL PAR INJECTION ET INGESTION D ANTISERUM (StUDY ON 

Experimental Haemolytic Jaundice, by Antiserum Injection or Ingestion ) iVf Besses and P 
Fretxa Laboratoirc dc Rcchcrchcs du Centre National dc la Transfusion Sanguine (Pans) Rex 
Hemat 2. 114-146, 1947 

The injection of anti-red cell scrum into the rat provokes an acute syndrome with hemoglobinuria 
an acute hcmolj tic anemia, or a subacute curable anemia These experiments with rats bring confirmation 



ADSTRACTS 


315 

to the Dinicshck ind Scliwartr cNpcnincnt-; with ^uinci pigs, ind ilso shots that increased osmotic 
frigilits and niicrospherocs tosis is casil\ induced The personal contribution of the authors is as folloss s 
I In a frc'-h preparation of red cells one notes a pseudo-agglutination of the sphcrocjtcs instead of 
normal rouleaus-forniation There arc some spindle-shaped red cells and numerous ers throblasts In the 
acute eases hemoglobin crsstals ims be seen in the cells 
1 There IS a marked leukocs tosis with a histiocs tic reaction and mans Icukoc)tcs shots crjthropha- 
gocs tosis laundice ssas present in subacute or acute form and sshen it ssas espcciall) scscrc crythropha- 
gocs tosis ssas striking 

3 The histologic findings m liter, spleen, and kidness arc identical ssith those found in hemol) tic 
disease of the human ness -born, but nuclear jaundice ssas not encountered 

4 The causal antibods ssas found on the red cells of the injected animal (conglutination method) 

5 The peroral administration of the anti-scrum to the ness-born rats induces trouble onlj if it has 
been giscn before the tsscnticch das 

Tlic authors discuss the relationship bctssccn this experimental anemia and the human erythro- 
blastosis of the ness-born This sscights stud) is illustrated ssith numerous microphotographs and 
colored plates (iS pictures) 

J P s 

IsniBiTiov ns Certais Polssacciimudes or Hemagglutination and or Multiplication of Influenza 
Virus R H Green aihl D W Woolley From the Laboratories of the Rockefeller Institute for Medical 
Research, New York, NY] Exper Med S£ 55-64, 1547 

The complex carbohsdntcs, apple pectin, citrus pectin, flaxseed mucilage, blood group A substance, 
gum acacia and gum ms rrh, as ssell as an aqueous extract of chicken cry throcs'tes, sscrc shown to inhibit 
the agglutination of chicken red cells bs the PRS strain of influenza A sirus Man), but not all, of the 
inhibitors substances sserc poIs saccharides rich in galacturonic acid Alginic acid, a polysaccharide 
largcls composed of mannuronic acid units, was inactixc, as were the simple carboh) drates such as 
galactose, galacturonic acid and aldobionic acid Detailed stud) of the action of apple pectin showed 
that this substance affected both xirus and red cell and that it also inhibited the multiplication of virus 
in cmbr)onatcd eggs 

These obscrsations serse well to illustrate the usefulness of the erythroc) te as a tool for the stud) of 
Mrus-ccll relationships The results obtained also illustrate how antagonism betwren structurally 
similar compounds ma) be used as a guide in inxcstigating the biolog) of viruses 

LEY 

The Nature of Non-Specific ImiiniTioN of Virus Hemagglutination W F Fnedewald, E S TAiller, 
and L R Whatlej From the Department of Bacteriology and Immunology, Emory University School 
of Medicine, Atlanta, Georgia J Exp Med S6 65-75,1947 

Saline extracts of lung, liver, kidney and spleen from human beings, rabbits and guinea pigs were 
found to inhibit hemagglutination b) mumps airus and by the PR8 and Lee strains of influenza virus 
The inhibition titers of organ extracts were usually higher than the titers obtained with sera from the 
corresponding animals 

Saline extracts of human and chicken erythrocytes also contained an inhibitory substance in high 
titer, and these cells were markedly agglutinated by influenza and mumps viruses Rabbit cells were not 
apprcciabl) agglutinated by these xiruscs and extracts of rabbit cells were not inhibitory Sheep red 
cells \ aricd in their capacity to agglutinate and also in their yield of inhibitory substance When the virus 
receptor substance was removed from chicken cells by adsorption and elution with influenza virus, 
extracts of the cells avcrc no longer inhibitory 

Evidence is presented that the inhibitory substance is not an antibody and that it is distinct from the 
blood group factors A, B, and Rh The findings with the virus inhibitory substance arc, nevertheless, 
compated by the authors to those with A and B factors Both arc found in many types of mammalian 
cells in addition to erythrocytes and also in various bod) fluids The A and B factors, morcov^cr, may 
combine with isoantibodics to inhibit hemagglutination 

Failure of the inhibitor) substance to neutralize influenza virus in vivo suggests that it is not an 
important factor in preventing infection On the contrary, it is postulated that it ma) actually have a 
deleterious effect in human infections by preventing union of virus wnth antibod) 
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A recent piper bj DoMrnicf^ and dc Burgh (Science loj 550-551, 1947) should also be cited here 
These authors prepared lipid extracts of crjrhrocjtes sshich inhibited agglutination of these cells by 
inhucnza and mumps \iruscs 

LEY 

Tkc Incidencc or the Dangfrous’' Group O Doser Results op the Titration op One Thousand 
CoNsrcuTis c Sera A Zo/tuiiiljk From the South African Institute for Medical Research, Johannes 
burg South African M J u 438-441, 1947 

Sera from 1000 unselccted European group O donors were titrated at 37'’C with a per cent suspensions 
of fresh A and B cells End points were read grossly after incubation for one hour and titers were expressed 
in terms of the dilution of scrum itself and not of the final mixture of scrum and cell suspension 

TaLing a titer of ifxoo as dangerous,' xxi of the donors tested were classified as unsafe for trans- 
fusing patients belonging to groups other than O Of these, 95 had high anti-A titers only , 61 had high 
anti-B titers only , and 64 of the in donors had both high anti-A and anti-D titers The incidence of high 
titers IS considcrabK lower in the c' pericncc of other investigators, probably due mainly to dilfercnces in 
technic 

The author urges that use of the term, universal donor, be discontinued because it gives a false 
sense of security He further recommends that all group O donors be classified according to isoagglutimn 
titer — a task which is considered reasonable since variations in titer from time to time arc small in 
healthy persons This procedure is preferred to that of adding A and B group specific substances to 0 
blood prior to transfusion to A, B, or AB recipients 

Although no attempt is made in this paper to discuss the controversial issues involved in the use of 
universal donors, a timely warning is given 

LEY 

False Positive Tests roRSxpiiiLis AStudv opTiieirInctoencein Sporozoite-Induced Vivax Malaria 

C R Rttit attil J r Kent From the Division of Serology , Army' Medical School, Washington, D C 

J A M A 153 1001-1003, 1947 

Ninety volunteers were inoculated with P vivax sporozoites in order to study the treatment of the 
disease A battery of sev en diagnostic tests w as done for sy philis, including, in addition to the usual tests, 
a special test w ith cardiolipin antigen devised by Rem and Bossack The following results were obtained 
I 63 3 fjcr cent of the subjects developed false positives with one or more tests at some time during 
the course of the malaria 

L In no instance was there a positive test before the fever or the parasitemia 

3 The false positive test appeared on the average a little over eight day s after the parasitemia (range 

0-30 days) , 

4 The false positive test was usually transitory and of low titer Its duration after a given attac o 
malaria was from a. to 98 days, although in one patient who had successive relapses the false positiva: 
serologic reaction was present for 517 days 

5 The Kahn standard tests gav'c the most false positives The Hinton flocculation test gave the cast 
false positives The new Rcin-Bossack cardiolipin test, a microflocculation procedure, was also sel om 
falsely positive 

S fc 

pAamooENESis OF Passive Rh Isosbnsitization in the Newborn (Erythroblastosis Fetalis) R ^ 
Darrotv and J Chapin From the Women and Children s Hospital, Chicago, 111 Am J Dis Chil 
7 } ^57-1-78, 1947 , 

The authors advance the hypothesis that Rh antibodies produced as a result of isoimmunization during 
pregnancy arc of two types erythrocyte-destroying antibodies and sensitizing antibodies The former 
act upon the infant s Rh-posttivc erythrocytes in such a way that their destruction by phagocytosis is 
greatly accelerated The sensitizing antibodies, according to the concept presented, exert their effect 
within tissue cells by reacting with Rh antigen freed by the destruction of Rh-positivc erythrocytes 
The mtraccllular reaction injures the cell and causes the release of histamine and possibly other toxic 
substances into the circulation These substances may then have a damaging effect on susceptible tissues 
elsewhere in the body 
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It IS emphasized that maternal antibodies arc earned first to the fetal liver, and that hepatic cells suflFcr 
most from the sensitization reaction ’ Jaundice due to rapid destruction of erythrocytes is intensified 
by hepatocellular in)ur)% and liver damage is also held at least partly responsible for hemorrhagic 
diatheses and hj'poprotcincmia Edema is attributed to hypoprotcincmia and increased capillary perme- 
ability, the latter being caused by direct sensitization of the endothelium or by the action of histamine 
produced in organs such as the liver and lung It is further suggested that histamine may be responsible 
for the development of pulmonary edema in the newborn and also for intrauterine asphyxia as a result 
of placental edema Possible causes of brain injury arc anoxia, intoxication (?histaminc) and direct 
sensitization of nuclear neurons Kcrnictcrus is attributed to the increased avidity of affected cells for 
bilirubin 

Three of the 5 cr) throblastotic infants described were transfused with Rh-positivc blood It is sug- 
gested that the favorable results obtained were due in part to the desensitizing ’ action of the Rh- 
positivc cells 

The speculations set forth in this paper are supported to only a limited extent by the authors' personal 
observations They should, nevertheless, serve to stimulate further investigation of hemolytic mecha- 
nisms, of the much-debated toxic ’ effects of rapid red cell destruction, and the merits of exchange 
transfusions Until more is known concerning the pathogenesis of erythroblastosis fetalis, most clmicians 
will probably prefer to continue their current practice of transfusing affected infants with Rh-negativc 
blood 


LEY. 


LfeiONS DU Systeme Nerveux Central dans Deux Cas d IcrfinE Nucleaire du Nouveau-n^ — (Central 
Nervous System Injuries in Two Cases of Nuclear Jaundice in Newborn) Ivan Btrtrand (Pans) 
Rev d hemat i 399-410, 1946 

The author makes a minute study (topographic and histologic) of two cases of nuclear jaundice due 
to Rh immunization His conclusions are the following 

There is a very' important extension of the histologic lesions which largely exceeds the macroscopic 
topography of the biliary impregnation There is an edematous infiltration of nervous elements and also 
of the perivascular areas The ncuroganglionar degeneration is characterized by acute tumefaction, lique- 
faction, and Schwererkrankung of Nissl The cerebral cortex, the paraventricular nuclei of the cere- 
bral trunk, the olives bulbaires and the noyau dentel6 are the more affected areas All these lesions 
are degcnercsccnccs without much satcllitar reaction (16 pictures and microphotographs ) 

J P s 

Autohemagglutination AND Raynaud s Phenomenon G B Forha Brit M J z 598-600,1947 

The literature dealing with cold agglutinins is briefly reviewed Eighteen published ease reports of 
the association of autohemaggluunation with peripheral vascular phenomena simulatmg Raynaud s 
disease are cited The author presents clinical and laboratory studies of a ease with symptoms of Ray- 
naud s disease caused by the presence of an autohemagglutm activated by exposure to cold The titer of 
this agglutinin was 1,0x4 There was no predisposing disease to account for the development of this 
agglutinin 

J F R 

Hemolytic Transfusion Reactions M J Nscbolscn From the Department of Anesthesiology, Lahey 
Clinic, Boston, Mass Lahey Clin Bull s 101-113,1947 

The author presents a concise review of the subject and properly stresses the importance of (i) clerical 
errors, (z) masking effect of anesthesia, (3) examinations for presence of hemoglobinemia and hemo- 
globinuria, and (4) recheck of crossmatch with fresh specimens from donor and recipient 

Of particular interest with regard to therapy is the reference to Diamond s suggested administration 
of A and B group specific substances to group O patients who have been transfused w ith group A or 
group B blood The object of this procedure is to neutralize the alpha and beta agglutmins in the recipi- 
ent s scrum and thus delay the destruction of remaining transfused incompatible cells 

A ease IS repDrted in which a group O Rh positne male was gnen 300 cc of group A Rh positive 
blood The patient made a satisfactory rcco\cr\ following administration of alkali, group O blood and 
40 cc of a solution of A and B factors 


LEY 
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LEUCOCYTES AND LEUCOCYTIC DISEASE 

Alcukcmic M\ EUKts CiiROMc NosLEULEMtc Myei^sis, Aokooenic Myeloid Metaplasia, Osteosclero- 
sis, LBUko-ERniiRonLASTic Anemia and S\non\mous Dcsionations E L HtHer, M G Ltwistbn 
and IV n Palm From Dcpirtmcnt of Patholog), Uniscrsit) of Pittsburgh and the Presb}terian 
Hospittl, Pittsburgh, Pi Am J Path i} 317-365, 19^7 

It IS ucll known tint piticnts with mjclogcnous leukemia mi) differ marked!) from one another 
with respect to their quantititiie is well is their quilititisc blood pictures There has been a question 
as to whether or not some cases ire permanenth aleukemic The present article renews the literature and 
offers 3 new cises in support of the thesis thit there is a disease, aleukemic m)closis, which isfunda 
<nentill\ leukemic in nature The pcnpheril blood mi\ contain immature m)cloid cells but not in the 
same degree is a frank leukemia On the other hand, it mi\ not present i Icukemoid reaction Tissue 
responses in these patients base been interpreted to indicate a local origin of leukemic cells from the 
reticulo-endothetiil s)stcm rather than a metastatic one 

0 P J 

The Furthtr ErrEcr or Leukocitosis — Promoting Factor or Exudates when Injected in Connectiov 
WITH Intlammation V Meiikm From Chase Foundation for Cancer Research, Temple Unnersit) 
School of Medicine, Philadelphia, Pa Arch Path 43 566-369,1947 

This is 1 continuation of the mans studies on inflammation which the author has been conductmgm 
recent )ears When dogs were caused to deselop acute plcuriss b) intrapleural injections of turpentine, 
the leukocs tc count returned to normal in about one da\ The Icukoc) tc count responded in a similar 
manner when single intravascular injections of leukocs tosis-promoting factor were administered to 
healths dogs But when leukocs tosis-promoting factor was administered to dogs ssith an acute pleuris), 
the leukoc) tc count reached a higher let cl and remained there for about nine das 5 The clinical imphca 
tions arc that natural Icukoc) tosis might be re enforced cs en during antibiotic therap) 

0 P J 

Gls COGEN Content or Isolated White Blood Cells IN Glscooen Storage Disease R Waintr From 

The Boston Floating Hospital and the Department of Pediatrics, Tufts College Medical Schoo , 
Boston, Mass Am J Dis Child 73 359-564,1947 

The glycogen concentration in whole blood, plasma, red cells, and in isolated ]cukoc)CCS ssas deter 
mined repeatedly in a case of the hepatic form of gl)cogcn storage disease (von Gierke s disease) In no 
case could glycogen be demonstrated in the erythrocytes Gljcogcn determinations in ssholc blood were 
considered unsatisfactory technically and of limited diagnostic salue In contrast to the plasma of norma^ 
persons, which w as alwa) s found free of glycogen, the plasma in the case described contained S 7 to 15 
mg per 100 cc Determinations of glycogen in isolated leukoc) tes were considered of greatest diagnost 
value In normal blood the granulated white cell, which is the onlj carrier of glycogen, was calcu ate^ 
to contain this substance in an average concentration of 4 lj micrograms per million cells In the case 
glycogen storage disease studied, the range of glycogen concentration per million adult polymorp on^ 
clear cells was 2. 7 to 7 4 times greater than in normal leukocytes Evidence is cited that granuloci tes 
incorporated in the system of tissues serving carbohydrate metabolism 


The Effect of Age on the Leukocyte Count A Comparison of White Blood Cell Counts in 

AND Young Individuals, with Speual Reference to the Response to Infection W R 

L W Hutaff,andG T Harrdl From the Bowman Gray School of Medicine, Winston-Salem Gena 

tries z. 96-100, 1947 . 

Since aging results in a deterioration of various systems of the body, a tvearing-out process mig t 
expected in the bone-marrow with resultant changes in the values of the circulating blood clcmencs 
It might also be expected that changes in the white blood cells might interfere with the anti-mfcctive 
powers of the patients This article reports hematologic studies on hospitalized patients of various ages, 
WTth analysis of the counts for various age groups 

It was found that the mean white blood count was the same at various ages from zo to 49 as after the 
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age of 50 years It was found also that the response of the white cell count to infection was the same in 
all decades These negative results suggest that there is little ‘wearing-out” of the hematopoietic 
system in the course of the usual adult life 

S E 

Infectious Mononucleosis An Aurom Report F H Allen, Jr and A Kellner From the Blood Group- 
ing Laboratory, Children’s Hospital, Boston Am J Path 463-477, 1547 

Although Dowmey and his assoaates have divided the Icukocytoid lymphocytes found in infectious 
mononucleosis into three mam t) pcs, it has long been recognized that there is considerable plcomorphism 
within a given categor)'^ The qualitative blood picture not only vanes among mdividuals but also within 
a given patient, depending upon the seventy and stage of the disease In like manner, the clinical features 
of this disease have been characterized as protean The present article deals with the autopsy findings m 
a Z3 year old American Army Air Forces pilot, t\ho was killed in an accident following a previous acute 
illness The diagnosis as established by the clinical picture, hematologic findings and strongly positive 
heterophil antibody tests At autopsy focal cellular infiltrations were found in the li\cr, kidneys, heart, 
lungs, adrenals, testes and brain From this it became apparent that infectious mononucleosis is a general- 
ized disease with changes in almost ever)' organ in the body 

O P J 

Spontaneous Rupture of the Spleen due to Infectious Mononucleosis J M Sulltvan and S E Wasser- 
man From the Veterans Hospital, Wood, Wisconsin, and the Marquette Univ School of Medicine, 
Milwaukee, Wisconsin J A M A 144-145, 1947 

An additional case of rupture of the enlarged spleen of infectious monouclcosis is reported The 
patient was a year old man whose immediate complaints were headache, malaise, weakness, sore 
throat, and upper abdominal pam Before admission to the hospital, the patient had sudden agonizing 
left upper quadrant pain followed bj fainting, and several days later deseloped tenderness and rigidity 
m the left upper quadrant, pain in the left shoulder, and signs of consolidation or fluid at the left chest 
The liver and spleen were not palpable A blood count was normal Explorauon revealed 1500 cc of free 
blood in the abdomen, and two lacerations of the spleen with corresponding subcapsular hematomata 
The spleen showed only hyperplasia (weight 695 grams) Blood studies showed abnormal cells on only 
one occasion, but the hcterophile antibody test was positive in a dilution of i Z48 six days after opera- 
tion The patient did well 

The authors note that ix cases of such rupture have been reported from 1944 to 1946 

S E 

BLOOD COAGULATION AND HEMORRHAGIC DISEASES 

The Interaction of Prothrombin A and B F L Munro ami M P Mnnro From the Department of 
Medicine, Jefferson Medical College and Hospital, Philadelphia, Pa Am J Phjsiol 95 " 99 , 

1947 

Quick s hypothesis that prothrombin is a complex consisting of two substances, prothrombin A and 
prothrombm B, has been accepted by many workers, although it has been t lolentl) negated b) others, 
who believe that prothrombin A is merely plasma fibrinogen (E C Loomis and W H Scegers Am 
J Phjsiol i^S 563-567,1947) The present authors, working on Quick s h)'pothesis, found that hepa- 
tcctom) m the dog was followed by a reduction in both the A and B components, and that an excess of 
cither could partially compensate for a deficiency in the other 

The) therefore studied mixtures of plasmas artificially so modified as to contain large amounts of 
cither prothrombin A or B, respectively In such mixtures, where from o to 100 per cent of the A 
plasma was added to 100 per cent to o per cent of the B plasma rcspcctncl) , thci found that an in- 
crease in the prothrombin time appeared only when the concentration of prothrombin A was o\er 5 per 
cent and that of prothrombin B under 50 per cent, or when prothrombin B was o\er 70 per cent and A 
css than 10 per cent In ocher combinations, the two plasma were mutualh complementary The con- 
clusion was reached chat a gi\cn clinical prothrombin time might be the result of a arsing degrees of 
c ciencs of each complex, but that the exact nature of the abnormahn might remain unknown 
Tlicsc results arc open, as the authors realize, to the criticism that the asailable plasmas must all be 
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mixtures of the A md B components, since it is virtmlly impossible to prepare completely purified sub- 
stances, and that plasma from sc\cral species— dog, rabbit, human— were mixed They arc open to the 
greater criticism that the Quick hypothesis of two such separate substances is probably incorrect, and 
that results based on such hypothesis must be explained on other bases The unitary nature of prothrombin 
seems in the stage of becoming well established 

S E 

THROMnoPLASTicAcriviTV or THE Urine L M TocauttnsandJ N Ltndquist From the Division of Hema 
tology , Department of Medicine, Jefferson Medical College and Hospital, Philadelphia, Pa Proc Soc 
Exper Biol A Med fi/ 44“d9i ^947 

Experimental data arc reported indicating that intact, protein-free and cell-free urine, as well as 
dialyzed urine, possess clot promoting actiMty when tested with normal and hemophiliac blood, the 
behavior of the actnc agent resembling that of thromboplastin Hemophiliac urine frequently cxens as 
potent an clfcct as normal urine, occasionalh , indeed, the former possesses greater clot accelerating 
properties than urine from normal indniduals Thus, an explanation is afforded for the frequent occur 
rcncc of clot formation in the renal pehes of hemophiliacs w ith hematuria, the clotting time of whose 
blood, aspirated or shed from vessels clscvsherc, may be markedly prolonged 

CPE 


The Active Principle or Placental Toxin TiiROMnoPLAsris, ItsInactis ator in Blood Antithrombo- 
PLASTiN C L Schnttiler From the Dept of Phvsiology, Wayne University College of Medicine, 
Detroit, Michigan Am J Physiol i^p tiy-ixj, 1947 

It has long been known that extracts of human placenta arc toxic when injected into animals The 
amount of toxic substance in a placenta can be determined quantitatively by a mouse-assay techmc, as 
well as the amount of a corresponding inactivating material present in human blood The nature of the 
placental toxin was tested by the author, and us chemical and physiological characteristics compared 
with those of thromboplastin Placental toxin and thromboplastin behaved similarh in several respects 
When serial dilutions of thromboplastin and of placental extract were made and tested, it was found that 
both showed similar curves of inactivation respcctivelv by heat, by acidity, and by human serum In 
addition, both behaved similarly in the ultracentnfuge Heparin (?antithromboplastin) was found to 
protect against the placental toxin in mice, both in vitro and in vivo 

Schneider concludes that the placenta is a potent source of thromboplastin, and chat the toxic su 
stance obtainable by extraction of placenta or of the progestational uterus is thromboplastin Hcspecu 
latcs further whether this toxin might be related to the toxemias of pregnancy, and finds 

I The anatomic lesions of eclampsia arc consistent with thromboplastin poisoning Mice guen 
placental toxin showed clotting of blood in their small venules 

2. The concentration of anti-thromboplastin was found to be increased during pregnancy' 

3 Pregnant animals arc more sensitive to thromboplastin than arc nonpregnant animals 

4 There arc two reports in the literature suggesting that the anti-thromboplastic substance m 

scrum IS decreased in eclampsia , ^ 

Therefore, the author speculates, Cautious administration of heparin might be indicate 

eclampsia crsiah 

The concept is an interesting one The nature of the toxemias of pregnancy is stil controv 

however, the postulate that some sort of toxic substance is the cause has long been held gf 

toxemia by termination of pregnancy supports the thesis that the toxin ’ arises from the pro^^ 
conception Whether thromboplastin could be the causative agent remains to be demonstra 
difficult to see how it could explain all the findings of eclampsia, such as persistent yperte 
present highly preliminary report suggests, however, certain questions Thromobplastin jj,eone 

normal as well as the eclamptic placenta, what is the factor which allows a normal anioah 

individual, and toxemia in the other? Can eclampsia-Iikc lesions be produced cxperinicnta 
by means of thromboplastin? Is the blood of eclamptic individuals high in thromboplastin co ^ ^ 

Donnees Recentbs sur la Coagulation (Recent statements on coagulation) P Frfil‘ric^ 

biochimiqucs M Florkin) Dcsocr Edit Liege, Belgique 1946 Anglo* 

The chief interest of this important monograph resides in the fact that it is a synt objeo* 

Saxon and Continental conceptions on coagulation The first stage of the coagulation is 
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of this study Fr^ddricq stresses the necessity of opposing the tissue extracts (lipoproteins) to the cephalin 
(lipoid) They differ on three mam points (i)Tissue extracts act m the same way on glass and paraffined 
glass, whereas lipoids are nonactive in the presence of paraffin, (i) Intravenous in)ection of lipoids is 
harmless, while tissue extracts provoke intravascular clotting, (3) Coagulation of hemophiliac plasma is 
strongly accelerated by tissue extracts, but hardly affected by lipoids According to Fr6d6ricq, this 
discrepancy is ex-plained by the necessity for the lipoids to react with a plasma factor This factor quickly 
disappears in stored blood, and is named by Fr6d6ricq Tryptase’ , it is a thermolabile euglobulin, 
probably identical to the plasma factors described by Widenbauer, Reichel, Leggenhager, Lozner and 
Taylor, Feissly, etc , and is lacking in hemophilia It is through this tryptase that the calcium-platelet 
system, which is not m itself proteolytic, is able to activate the prothrombin According to Fr£d(fricq, the 
Quick s tune does not only refer to the prothrombin level, but also to the tryptase concentration To 
him, the A and B components described by Quick for the prothrombin, arc the tryptase (A) and the 
prothrombin itself (B) The Russell venom, in opposition, is concerned only with prothrombin, being 
Itself proteolytic This thorough study mcludes 303 bibliographic references 

J P s 

A Case of Pdrpiira Fulminans with Fibronogenopenia ik AssoaATioN with Scarlatina H Djgivc 
From the Blcgdamshospitalct, Copicnhagcn, Denmark Acta Med Scand ra/ 381-393,1947 
The author discusses the history of purpura fulminans first described by Henoch m 1887 and points out 
that one third to one half of the cases occur after scarlet fever A number of cases, however, showed no 
preceding disease In scarlet fever the purpura generally appears in the second to fourth week of the 
primary disease, which may be strikingly mild Hematologic data arc usually normal, except for second- 
ary anemia after the blccdmgs Blood cultures almost always arc negative The author found a prolonged 
coagulation ume and this has also been noted by another observer 

The case was a boy of 3^ years Scarlet fever was not severe On the twenty-first day after the beginning 
of the disease large blood spots appeared after a hot bath Both legs were swollen and later there was 
swellmg and bluish discoloration of the lumbar region A coagulation time of 14 minutes, with a small, 
loose clot later incrcasmg to 30 mmutes was the most remarkable hematologic finding The patient ran 
a high fever and the hematomata increased He was treated with two large blood transfusions and vita- 
mm K as the prothrombin time was increased Determinations of fibrinogen were then performed and 
the very low value of o 06 grams per cent was noted Probably the fibrinogen content was still lower 
before the transfusions After two further transfusions the condition improved in spite of several ab- 
scesses which formed in the hematomata The antistreptolysin titer increased from 160 to 900 There was 
continued improvement and an examination nine months later was normal 

This IS obviously an instance of the very rare condition, fibrinogcnopcnia It should be noted that the 
patient was first regarded as suffering from hypoprothrombincmia as the Quick test was positnc The 
poor quality of the clot however led to the correct diagnosis 

Fibnnogenopcnia has been noted in z cases of purpura fulminans In one case following chicken pox 
the patient recovered after large transfusions The blood remained fluid for tw'o days and the plasma 
fibrinogen was 0015 The other case died 2.4 hours after the bleeding was noted, and there w as no prci lous 
malady 

Penicillin against the streptococcal infection and large blood transfusions combined w ith com alescent 
scrum from scarlet fever patients is ob\ lously the treatment of choice 

Another instance of purpura fulminans was lately published by S Hcinild, Acta Pacdiatnca, 37 147, 

1947 

In this instance there was no previous malady noted in a 3 weeks old child which died in 46 hours 
from the onset of the disease Hemolytic streptococci were cultured post mortem from the hematomata, 
the Iner and the ascitic fluid Penicillin and blood transfusions were not gisen, nor was plasma fib 
rinogcn determined 

J W 

Purpura Fulminans and its Relation to Scarlatina H Fridtn From the Stockholm Hospital for 
Infectious Diseases, Stockholm, Sweden Acta Pacdiatnca }4 2.17-2.33, 1947 

The case is that of a bo\ 5 sears old, who, on the lifts -set enth da) after scarlet feserdes eloped ts pical 
ersthrema cxudatisum multiformc ssith slight temperature On the sixts -third das ecchsmoses spread 
oserboth legs, and small petcchiac sscrc noted on the trunk Hematuria dcs eloped Penicillin and blood 
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transfusions s\crc given There sscre miMmaUj prolonged bleeding, coagulation and prothrombin times 
but fibrinogen was not determined Blood culture was ncgatisc Exitus after three dajs of purpura The 
very long coagulation time seems to indicate that a lack in fibrinogen mas base been the cause of the 
bleeding and makes the importance of large blood transfusions obsious 

A survc) of the cases \\ ith purpura from the Hospital for Infectious Diseases in Stockholm during the 
last 13 years showed no ocher instances of purpura fulminans 

J 

Purpura Necrotica A Possiole Clinical Applicatios or the Siiw arttman Phevomenon J H SbiUm 
From the Ro\al Hospital, WoUerhampton.and the Hallam Hospital, West Bromwich, England 
Arch Dis Childhood a* 7~i}, 1947 

The differential diagnosis of purpuric lesions is often \cr\ dilficult, cspecialU m children, and if the 
purpura cannot be rcadil) cvplaincd as a svmptomof one of the more coramonlv recognized dis'iscs 
Ocukcmia, idiopathic rhromboci ropenia, hcmophilia)ihcrc is a tendenev to list it as one of the hetero- 
geneous group known as sascular purpura From this wastebasket, from time to time, sp'cificsub- 
t) pes of % ascular purpura arc collected and reported as entities Among such more or less definite dis- 
orders arc pseudohcmophilia, Schonlcin-Henoch purpura, and purpura simples: In the present report, 
Sheldon separates an additional small group of purpuric disease to which he gises the name pnrpnra 
necrotica 

Three cases arc described in girls aged 1 1 months, 3 tears, and 5 tears rcspectitcl) In each the historp 
w as cssentiall) the same there tt as a sudden onset of pains in the limbs, sometimes with swelling of the 
C)clids, hands, feet, knees, and ankles, then cast bruising and set ere purpuric eruptions best described as 
hemorrhagic bullae The notable feature of these purpurac was their geometric contours the) formed 
triangles, squares, and linear structures After two weeks of acute illness, rccotcT) began During this 
stage, the lesions became ston) hard, then the black otcrl) ing skin peeled off to lease health) granola 
tion tissue, and finall) healing occurred bt the slow granulation process ot cr a period of from sa iveets 
to ttvo )cars The large lesions left tremendous scars w hich resembled, because of their depth and extent, 
healed gunshot wounds The children had no other residua Little detailed laborator) stud) was possible 
The platelets were normal in the Leases in which thet were enumerated Slight secondat) anemiaan 
leukocvtosis were present The bleeding and coagulation times were normal in one case Cultures of t e 
lesions gate no growth 

Two other similar cases were gathered from the literature b\ Sheldon, in one of whom splenectoffl)’ 
was followed by death because of sepsis Sheldon speculates upon the nature of the disorder, andc^ 
cially upon the curious configuration of the lesions He notes that ses cral of the angulatcd lesions occu ^ 
in areas of pressure for example, one large buttock lesion corresponded to the pressure exerted b) a pi 
upon which the patient had sat for some time, and other smaller lesions were consistent with press 
from wrinkled bedclothes He points out that, if somehow' the area had become sensitized, su sequ 
prolonged pressure over a period of time might result in severe local tissue damage with 
hemorrhage (purpura) In the experimental Shw artzman phenomenon, an intradcrmal in)cction is u 
sensitize a local area which becomes engorged and necrotic after a subsequent systemic 
injection In the present disease, according to Sheldon, it is possible that the angioneurotic 
periarticular swelling seen early in the course may sensitize the tissue cells which, upon p 
bedclothes, chairs, etc , break down in geometric patterns with the resulting curious picture o 

This concept, of course, does not explain the fundamental nature of the disorder, which S c o 

IS probably an allergic purpura, the subsequent peculiarities being the result of the Shwartz 
phenomena g £ 

Congenital Thrombocytopenic Purpura / TalmaJgt am! B Birman From the Pediatric Se 

Louis City Hospital, St Louis, Missouri J Pcdiat 30 691-695,1947 ivc offspr>'’g 

Thrombocytopenic purpura, developing m the neonatal period, is reported in three succe 
of a mother with idiopathic thrombocytopenic purpura treated with complete relief by sp enc 
years prior to the first pregnancy No observations arc recorded pertaining to the course 
rhagic diathesis following splenectomy, apart from prenatal examinations w hen she cons 
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The foJlowjng has been received from the William Buchanan Blood Center 

To the Editor 

So tint )ou will hi\c some bnckground of the Blood Bmk Institute held in Dallas, No\ ember 17, i8, 
and 19, and the formation of the American Association of Blond Banks, I am going )ou a few facts id 
which 1 thought > ou would be interested I am attaching hereto a cop) of a Blood Bank Sursc)’* which 
I compiled from information contained in questionnaires sent to more than one hundred blood banks 
throughout the U S A in 1945 Being new in the blood bank field mvself when I came to this blood 
center, I endeasored to procure information concerning the operation of other blood banks and ins 
surprised to find that no one seemed to be in a position to furnish me with such information, th*rcforcI 
set about tr}ing to procure first a list of blood banks This was indeed a tedious and drawnouttasL 
After compiling a rather complete list, I then prepared a questionnaire which I submitted to these blood 
banks, as a result of which the attached sunev was compiled, said sunei being sent to those blood 
banks which had furnished me information You will note that Question 37 asked, Would } ou be inter 
ested in becoming a member of a National Association of Blood Banks designed to meet the needs and 
study problems of blood banks in general^ As a result of the interest indicated in rcplj to this question 
the Blood Bank Institute w as planned and the resulting National Association formed 

At the Institute there were 71 cities, 17 states and 57 blood banks represented Hawaii, Canada and 
Mexico also had representatives at the meeting I am enclosing a cop) of the programf as wtllasthe 
constitution of the American Association of Blood Banks and copies of the five resolutions adopted b7 
the Association, as well as a list of the officers If \ ou need anv further information, please do not hesitate 
to call upon me I personalis appreciate v our interest in this meeting and the resulting Association as it is 
verj dear to m) heart, and I am hopeful that much benefit will be derived bv all blood banks par 
ticipating from the Association formed 

Sinccrclv }Ours, 

Wm Buchanan Blood Centek 
Marioric Saunders, LL B , 
Administrative Assistant 


PROGRAM, NOV 17-19, 1947 
Blood Bank Institute 

Need and Possible Scope of an Association of Blood Banks, Dr ]ohn Scudder 
Blood Banks and Disasters, Dr William C Levin 

Blood Program of Hawaii, Dr Leon E Mermod, Mrs Hazel H Bond 
Round Table Scientific Problems in Blood Banking, Dr E E Muirhcad, Chairman 
Technical and Social Aspects of a Communitj Blood Bank, Dr J Richard Czajkovvski 
The Blood Bank in a Chant) or City-Count) Hospital, Dr O R Brines x/ a 11 

Nomenclature of Blood Antigens Espcciall) CDE ede (Rh Hr) Group, Dr Joseph 
Origin and Growth of the Belle Bonfils Memorial Blood Bank, Marion R R)Tner, 

Round Table Discussion of Present and Future Needs for Blood Banks in U S , Dr 0 
Chairman . 

The Blood Bank Service of the New York Post-Graduate Medical School and Hospita , 

J Unger 

Blood Bank Administration, Dr J W Davenport, Jr 

Financial Problems and Procedures, W Quinn Jordan Habermau 

Survey of Techniques for Blood Antigens and Anti-body Determinations, Dr o 

* Due to limitation of space, the survey cannot be published Rditor 
•j- See below 
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Blood Typing and the Use of Universal Donors, Dr G A Matson 
Statewide Blood Bank Service, ' John Elliott, ScD 

Cause and Management of Incompatible Transfusion Reactions and Allied Conditions, Dr E E 
Muirhead 

A Plan for Training Blood Bank Personnel, ’ Dr Sol Haberman 
KoundTabU Administrative Problems in Blood Banking, ’Dr Joseph M Hill, Chairman 


To the Editor 

I am sure you know by now that our Blood Bank Institute (held in Dallas, Texas, November 17-19, 
1947) resulted in the formation of the American Association of Blood Banks Although the original 
purpose of the Blood Bank Institute was for the presentation of methods of establishing and operating 
blood banks, and for the teaching of new technics for processing blood for transfusions, it soon became 
evident that those registering for the Institute were also interested in the formation of an association of 
blood banks 

The newly formed association decided that its membership would be limited to ethical, independently 
operating and policy makmg, nonprofit institutions, including those operated by approved hospitals, 
engaged in blood banking 

The stated purposes of this association arc 

I To promote and foster the exchange of ideas and materials and the dissemination of information 
relating to Blood Banking and its technical methodology by education, publicity and research, 

X To foster and plan for cooperation in times of disaster, 

3 To function as a clearing house on questions relating to the training of personnel common to such 
institutions, 

4 To keep currently aware of and encourage high standards of service, 

5 And to promote and foster and aid and abet the extension of similar services throughout the 
United States and its tcmtorics 

The resolutions adopted by the Association were definitely intended to put blood bank problems on a 
local level with the medical profession by way of the county societies acting in an advisory capaaty 
Through this approach each organized blood bank could serve the medical profession and the community 
on the basis of local conditions, demands and patient needs 

The capacity for meeting catastrophies by independent blood banks has been demonstrated in the 
recent past During the Texas City disaster the Galveston and Dallas blood banks proved that immediate 
cooperation of a high order is possible on the part of the independent blood bank even though no previous 
plan had been formulated During this disaster the Buchanan Blood Center became the collection and 
processing center and shipped the blood by air to the John Scaly Blood Bank, which then served as the 
giving center In the mcanume, the Hams Memorial Blood Bank of Fort Worth was standing by in case 
the blood demands exceeded our capacities You might be interested to know that tweh e hours from the 
time of the first explosion (four hours after tve had been notified) our blood bank was collecting 100 pints 
of blood per hour for Galveston In the future the Blood Bank Association hopes to make such coopera- 
tion n-ition-widc, and even more effective 

Sinccrel} jours, 

Sol Haberman, Ph D 


I ) First Report of the Committee for Clarification of the Nomenclature or 
Cells and Diseases of the Blood and Blood-Forming Organs 
To the Editor 

A committee for clarification of the nomenclature of cells and diseases of the 
blood and blood-forming organs held its first meeting in Chicago at the Drake 
^ Hotel and Northwestern University Medical School October z^-z 6 , 1947 The 
committee was sponsored by the American Societj of Clinical Pathologists and the 
American Medical Association 
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The function of the committee is to define areas where agreeement can be reached 
not to determine questions of fact requiring new experimental evidence for con 
elusive proof 

The need for clarification and definition of terms is so urgent, not only for the 
sake of those now using them but particularly for the sake of the medical students 
and technicians of the future, that an earnest effort to find and secure general 
acceptance of a single term, where several with similar definitions are now in use, 
IS thoroughly worth while 

The choice of a preferred term, it was agreed, should be based not on historical 
priority or common usage, but the simplest, clearest and most descriptive term 
should be chosen Eponyms and new terms should be avoided wherever possible, 
without sacrifice of clarity A real effort should be made to attain consistency be- 
tween related terms 

All recommendations of the committee arc to be tentative until they have been 
widely publicized and acted on by all interested groups The committee will wel- 
come any suggestions and criticisms A committee should re-examine the terms 
every five or ten years A full report on the Commirrec s deliberations will be pub- 
lished in a subsequent issue of the Journal 

Edwin E Osgood, M D 
Portland, Oregon 


Thalassemia, Coolei s Anemia on Mediterranean Anemia^ 

To the Editor 

Since Cooley, in 19x5, separated the now well known syndrome as a new entity, 
various terms have been proposed for its description Most of these terms, be 
ginning with Cooley s own “Erythroblastic Anemia,” are unfortunate misnomers 
In 1936, Whipple and Bradford, apparently with more zeal and less deliberation, 
proposed the name Thalassemia,” which unfortunately is appearing with m 
creased frequency in the literature, due more to the prominence of the authors, 
rather than to its medical or literary merits 

The Greek word thalassa” means sea,” just “sea,” not the Great 
even The Sea ’ The Mediterranean Sea is called ‘ Mesogeios 
“mesogeios” meaning mediterranean,” (“amidst the land ) If the 
usually meant the Mediterranean, whenever they mentioned the sea, it 
because the Mediterranean surrounds all Greek lands, just as the people 0 
York refer to the Atlantic whenever they mention the ocean, while the peop e 
San Francisco mean the Pacific , 

However the term ‘thalassemia” is unfortunate from another point 0 
According to usage, the first component part of a composite word qua 1 c 
second Thus, glycemia means sugar in the blood, lipemia, fat in the bloo 
cholesteremia, azotemia, etc Likewise, hematuria blood in the titmc 
urine in the blood) Hence “thalassemia” should mean “sea in the J v^ia ” 
of course, is absurd Even substituting the suffix “-anemia’ instead ° ^ aningj 

forming thus the word “thalassanemia,” would not convey the inten e m 
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but according to grammatical and etymological rules, should mean “anemic sea,” 
or at best “anemia caused by the sea” (Vid Thalassophoboia fear of the sea), or, 
a condition where the sea is in the blood of the anemic person 
I believe that the term ' Mediterranean Anemia,” good or bad, is more adequate, 
if we care to put geographic limitations to the syndrome, even though we no 
longer think that the condition has such strict geographic limitations And, 
despite all objections to the use of authors’ names in medical terminology, 
‘ Cooley’s Anemia” may be retained, since it is now precisely understood by all 

Savas Nittis, M D 

Asst Clinical Professor of Medicine, New York Medical College 

Dr Nimshas, I believe, a very good point Although I have used the designations "target cell anemia 
and ‘ Mediterranean target-oval cell syndromes in writmg, I find in conversations that the relatively 
simple designation "Mediterranean anemia seems robe increasing in usage It is ccrtamly indicative of 
the locale of inheritance of the great majority of cases and although it docs not describe the type of 
anemia, it is far more descriptive than the cponymic Cooley s Anemia I, myself, would be inclmed 
to drop the designation of target-oval cell syndromes for Mediterranean anemia Editor 


The “CoAGULATioNisTs” A Note on the Forthcoming IsIeeting 

Following the wishes of “coagulationists” expressed at the Chicago meetings 
last year, we shall this year again plan a special section to bring together papers 
in this field at one of the sections of the Pathological Society where past ex- 
perience has shown that we can have a most successful get-together A luncheon 
will be held in conjunction with the Federated Societies at Atlantic City, 
between March 16-19 

John H Ferguson 

Department of Physiology, School of Medicine 
University of North Carolina 
Chapel Hill, N C 
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Heparni f/> thiTrearmait oJT/rowbojfs,eil 2 I3i ) Erik Jorpcs Oxford Unncrsit) Press, London, En^laid, 

1946 

It wis in 1916, x\hilc Jaj McLcin in Howell s Inborarort was engaged in the purification ofccphaiin 
obtained from heart muscle, that he found a preparation which, instead of accelerating the coagulation of 
blood, greatl) delajed it Erom the first Howell felt that this newl) disco\cred substance would find a 
suitable application in experimental pin siologt and possibU in the treatment of disorders of coagulation 
A slow appreciation of the need for this t) p; of thcrapj , and difficulties in the purification of the anti 
coagulant, delajcd adequate fulfillment of this prophecj until 1935, when Best and a group ofToronto 
w orkers (Charles, Scott, Murra) , Waters, jaques) succeeded in purif\ ing the substance and demonstrating 
its thrombosis-preventing properties, cxperimentallj and clinicall) 

B) 1939 enough facts had accumulated to lead Dr Jorpes to publish a monograph on heparin The 
present second edition of this monograph brings together additional facts developed in the past seven 
years Chapters I, II and III arc concerned with the chemical composition, mode of action and site of 
formation of heparin The author s work has been chicflj concerned with these phases of the subject In 
narrative st>lc he takes the reader through the steps of chemical identification of the compound and the 
cv'cnts which Jed to tracing the site of formation of heparin to the mast cells of Ehrlich (now designated 
as hcpirinoc) tes ' b) the author) 

Chapter is devoted to a discussion of methods for the standardization of heparin The author 
vviscl) states that the anticoagulant activit) of heparin must be measured in biologic sj stems, since no 
phjsiochcmical or color reaction will give reliable results If, however, as stated. The quantiian^ 
determination of heparin in its natural milieu is almost an impossible task, how is one to explain the 
fairl) consistent results in titrating heparin (with protamine) when this anticoagulant is added direcdy 
to the blood? The fact that neither protamine nor toluidinc blue, even in small amounts, can reduce Ac 
rate of coagulation of normal blood, must then indicate that heparin as such is not present in the bloou, 
though It may be brought in from the tissues under certain pathologic conditions Thisma) also account 
for the fact that no figures are available, and none were found in this book, on the ph)Siologica 
concentrations of heparin in normal human blood The proprict) of referring to heparin as the physio- 
logical anticoagulant is, therefore, questionable 

The remaining three-fourths of the work deals with the clinical applications of heparin, mclu 
use as an anticoagulant forchemical determinations and transfusions Detailed instructions arc given 
the administration of the anticoagulant, with a discussion of diseases in vv hich it can be of help p^i 
case reports illustrate some of the conclusions The text is abundantly supported w'lth statistica 
collected principally in the Swedish Clinics When one pauses to think that the author is a 
IS surprising that the clinical sections arc so well handled Moreover, he manages to maintain a 
attitude, though his enthusiastic espousal of this form of treatment is obvious 

A s said by Prof Lcarmonth in the foreword. The monograph is complete there is here assem c 
form readily available, an account of ever) aspect of a subject Evxn a section dealing with ic ^ 
and Its use in the prevention and treatment of thrombosis is included, presumably because 1 
being used more and more in combination with heparin Clinicians, phy siologists and bioc 
well turn to this book for clear, authoritative information on a drug and a method with mcrea 
wider applications 
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CLINICAL SIGNIFICANCE OF CARDIAC AND RESPIRATORY 
ADJUSTMENTS IN CHRONIC ANEMIA 

By Herrman L Blumgart, M D , and Mark D Axtschule, M D 

I Introduction 

T he supply of oxygen to the tissues depends on the oxygen carrying capacity 
of the blood and the ability of the cardio-respiratory system to aerate and to 
transport the blood to each living cell of the body The purpose of this communica- 
tion IS to review the status of the cardio-respiratory system and the related mani- 
fold compensatory mechanisms which provide a maximal supply of oxygen to the 
tissues in the presence of anemia An understanding of these adjustments is neces- 
sarily based on knowledge of the changes in cardio-respiratory dynamics and on an 
appreciation of the nature of the clmical manifestations 
Most of the physiologic studies reviewed here have been published during the 
past twenty years These two decades were most fruitful, for it was during this 
period that it became possible to study the same patients before and after effective 
therapy This was the direct consequence of the discovery by Mmot of the thera- 
peutic effectiveness of liver, and the studies in iron therapy which were also earned 
out to an important extent in his laboratories 

n Changes in Cardiovascular Dynamics 
The Mvjute Volume Output of the Heart 

Numerous investigations have shown that with anemia there is an increased 
cardiac minute volume output of the heart The relation between the seventy 
of anemia and the degree of increase of the minute volume output observed in dif- 
ferent studies has not, however, been uniform Similarly, the relation of the 
changes in minute volume output to other aspects of circulatory dynamics has also 
varied in different investigations This is hardly surprising, when one considers the 
number of variable factors involved 

The method used to measure the minute volume output of the heart in man have 
been of necessity indirect, and have depended, until recently, on respirator) tech- 
nics The complexity and technical variations of these methods have made quanti- 
tative comparison difficult and the number of measurements inevitably meager for 
statistical study In many communications, the actual minute volume output values 

From the Medical Service and Medical Research Laboratories, Beth Israel Hospital, and the Depart 
aicnt of Medicine, Harvard Medical School, Boston, Massachusetts 
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have been related directly to the hemoglobin concentration of the blood without 
regard for the fact that variations in cardiac minute volume output in normal 
people tend to be proportional to variations of the surface area and of the oxygen 
consumption Anemias, moreover, arc frequently related to, and indeed may be 
caused by, diseases which in themselves affect cardiac output because of fever or 
nutritional disturbances 

Plcsch®'' in 1909 observed that the cardiac output increased when there was a 
decreased hemoglobin concentration of the blood Utilizing the Pick principle, 
he found that the increase in cardiac output roughly paralleled the de- 
crease in hemoglobin Confirmatory results have been reported by other 
investigators'^ ''' n^n-ioa used a variety of methods, 

but Kininmonth’s results*'- arc discordant Several excellent studies in which meas 
urements were made in the same subjects both in the anemic state and after im 
provement arc of particular interest **' *'*’ '*’'' On the basis of twenty-two 

observations in 8 individuals, Richards and Strauss**- concluded that there was a 
definite, though not entirely constant, tendency for the cardiac output to increase 
with decreasing hemoglobin concentrations, this general relationship as well as the 
variation disclosed in the individual instances applied to both the cardiac mmute 
volume output and to the cardiac index, or the ratio between cardiac output and 
surface area Results obtained by more accurate methods based on cardiac catheteri- 
zation have become available recently In a scries of anemic patients studied by 
Sharpey-Schafer,"^ cardiac output was elevated 50 to 150 per cent over the normal 
average of 5 3 liters per minute, and generally was greatest at the lowest levels of 
hemoglobin concentration Similar results have been reported by others utilizing 
the same technic 

There has been no uniform agreement as to the level to which the hemoglobin 
concentration falls before the cardiac output is definitely increased Dautreban c 
observed an increase only when the hemoglobin fell below 50 per cent Althoug 
others have expressed the opinion that a considerably lesser degree of anemia may 
cause a measurable rise in cardiac output,"^ no unequivocal rise in the cardiac out 
put was observed in the studies by Brannon and his associates'® until the hemo- 
globin concentration was less than seven grams per cent 

Kelatton Between Cardiac M.nuite Volume Output, Metabolic Rate, and Coefficient of 0\'l 

gen Utilfs^ation 

When the oxygen carrying capacity of the blood is diminished in a patient wi^^ 
anemia, two mechanisms are available to maintain an adequate supply of oxygen 
the tissues, these mechanisms may act singly or together The first mec 
which may compensate for deficient concentration of hemoglobin consists 
increased delivery of blood to the tissues consequent to increased cardiac 
If the concentration of hemoglobin were 50 per cent of normal and the 
minute volume output and blood flow were doubled, the amount of 
drawn from each cubic centimeter of blood in the capillaries might be on^ 
normal, but the total amount of oxygen given off to the tissues wo 
changed Despite the low arterial blood oxygen content, the venous bloo 
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concentration would remain normal Since the venous blood oxygen tension reflects 
that of the tissues it is clear that tissue anoxia would be prevented Sole reliance on 
this mechanism would require the heart to expend a greatly excessive amount of 
energy in order to prevent tissue anoxia, and the circulatory reserve would be en- 
croached upon to a marked degree 

The minute volume output of the heart, other factors being equal, is also related 
to the total oxygen consumption of the body If the total oxygen consumption of 
the body were markedly increased in the presence of anemia, part of the increased 
minute volume output of the heart would be attributable to this factor Most ob- 
servers, however, have found normal values while others have observed small in- 
creases in some instances, this will be discussed below Thus, the increased output 
observed in anemia can be ascribed only slightly, if at all, to increased total oxygen 
consumption of the body 

The second mechanism available for maintainance of an adequate supply of oxy- 
gen to the tissues consists of more nearly complete abstraction of oxygen from the 
blood as It passes through the capillaries Normally, 100 cc of arterial blood con- 
tains approximately xi cc of oxygen Under normal basal conditions, only about 
5 5 cc , 1 e , approximately 30 per cent, are removed from the blood as it passes 
through the capillaries The remaining 15 5 cc may be regarded as reserve oxygen 
which can be called upon during exercise or other unusual states to prevent as- 
phyxia of the tissues The anemic patient, to the extent to which he relies on the 
mechanism of more complete oxygen abstraction, diminishes his reserve oxygen 
and sacrifices this factor of safety, the degree of sacrifice would depend upon the 
severity of the anemia Moreover, the gradient between the oxygen tensions of 
capillary blood and that of the cells of the tissues must be less under these circum- 
stances 

The data available in the literature clearly demonstrate that the burden of ane- 
mia on the cardiovascular system is distributed, part being assumed by an increase 
in the cardiac output per minute and a part by the increased percentage, 1 e , co- 
efficient of utilization, of oxygen by the tissues The actual amount of oxygen ab- 
stracted from the blood as it courses through the capillaries of an anemic patient is 
less than normal, but the ratio between the amount abstracted and the subnormal 
amount initially present in the arterial blood is actually greater and is reflected in 
the increased percentage of oxygen utilization uniformly observed in patients with 
severe anemia It should be noted that normally an A-V oxygen difference of 5 5 
grams per 100 cc of blood signifies an A-V difference of approximately 30 per cent 
of the available oxygen If there were no increase in cardiac output in severe ane- 
mias with less than 30 per cent hemoglobin, the amount of oxygen which could be 
delivered to the tissues, even with 100 per cent abstraction of oxygen, nould be 
less than the normal oxygen supply In the most severe degrees of anemias, 80 to 90 
per cent of available oxygen is removed, were it not for the increased percentile ab- 
straction, higher values of cardiac output than those actually observed would be 
required to maintain adequate minute oxygen supply Thus, increased cardiac out- 
put and increased percentile removal of available oxygen are nvo adjustments 
''Inch serve to maintain adequate oxjgen suppl) 
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The above considerations bear on the interesting question of what should be con- 
sidered ‘the normal cardiac output,” a concept which has important theoretic as 
well as practical clinical implications The normal cardiac output must be con 
sidcred the cardiac output which is found in healthy subjects at rest and frceofdis 
comfort or emotional tension, at medium ambient temperatures and with normal 
rates of body oxygen consumption The normal cardiac output vanes considerably 
baf^ proportional to the surface area, the cardiac index, 1 c , ratio of cardiac out- 
put pSK^inutc to surface area, being relatively constant in all normal subjects 
The cardiac index is proportional to metabolic rate In the presence of congestive 
failure due solely to cardiac disease there is a decreased cardiac index in relation to 
bodily requirements for oxygen which remain unchanged or are even increased* 
When, however, anemia supervenes in the presence of congestive failure the index 
is not as low as one would anticipate on the basis of congestive failure alone, the 
cardiac output being somewhat increased rather than diminished in relation to 
total body oxygen consumption of normal subjects For example, in the presence of 
severe anemia with arterial oxygen content of five volumes per cent the cardiac 
index IS approximately seven This elevation of the cardiac index to more than 
twice the normal of healthy subjects is the increase whereby the requirements of 
the body for blood and oxygen arc met An elevation less than this constitutes 
circulatory insullicicncy even though the output at such times may be larger than 
that of normal subjects When the cardiac index is below that indicated for the 
degree of anemia, even though markedly above the so-called normal of healthy in- 
dividuals, the circulation may be insufTicicnt in relation to the increased demands of 
anemia, congestive failure may ensue 

In the presence of lowered oxygen consumption in anemic patients, the expect 
^increased cardiac output may not always be present Thus Starr et al state 

two cases of anemia did not show the increased cardiac output which we expect 
Both of them appear to have reduced their basal metabolism to a point where a 
normal cardiac output will carry the necessary oxygen In one of these patients, 
starvation may well have been the cause of this decrease This method of compen 
sating for anemia is not that usually described ” Similarly in patients with anemia 
of myxedema, the cardiac output may be low but adequate for the lowcrc meta 
bolic requirements, congestive failure docs not develop 

This general principle applies equally to other conditions which deman 
creased output, such as thyrotoxicosis, arterio-venous aneurisms, pregnancy, 
states, and, indeed, exercise 


The Velocity of Blood Flow 

The relation between volume flow and velocity flow of liquids of fixed visco^^J^ 
through tubes of known diameter is a simple one and is expressed by the eq < 
V = A/tte^ where V is velocity flow expressed in seconds, A is the volume ow^ 
second and r is the radius of the tube If other factors remain equal, an m ^ 
volume flow will be accompanied by a proportional increase m the ^ 

flow With the somewhat decreased viscosity of blood in anemia, an a 

tor tending to increase the velocity of blood flow is operative The extent 
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pulmonary blood flow is accelerated in the presence of anemia was studied by 
Blumgart, Gargill, and Gilligan^^ using the radioactive method Thirty- two com- 
plete series of measurements were made in xg subjects with pernicious anemia and 
with anemia secondary to a variety of diseases The results showed that, while 
there were considerable variations, the velocity of blood flow through the lungs in 
these patients generally tended to increase in proportion to the degree of anemia 
A linear relationship between the increased cardiac output and accelerated velocity 
of blood flow was observed by Stewart et al the greater the cardiac output, the 
shorter the circulation time The increase in velocity observed by the latter investi- 
gators was of somewhat greater magnitude than that reported by Tarr, Oppen- 
heimer and Sager, but similar to those results recorded by Blumgart et al With 
increased speed of blood flow through the lungs, accelerated pulse rates were ob- 
served Other studies of circulation time in patients with anemia have been reported 

l^y ItlS-Qy 3,U.tilOrS^ * 60, 63 66, 70 71 74, 84 106, 112 2.T*C IQ 

accord with the above 
Kegtdatton of Peripheral Blood Flow 

Calculation of the average peripheral resistance throughout the body in pa- 
tients with anemia indicates that a definite decrease is present However, the 
state of the small blood vessels is not uniform everywhere Thus plethysmo- 
graphic measurements of blood flow in the arms^ and studies based on estima- 
tion of local arterio-venous blood oxygen or carbon dioxide difference in the 
arms® show accelerated flow while blood flow in the 

hands is dimmished^ in anemic patients Direct observations of the capillaries 
in the skin of the fingernail fold show marked vasoconstriction®” and flow is 
slow The occurrence of increased peripheral flow everywhere except in the hands 
IS identical with the pattern of flow seen in simple anoxia such as is produced in 
normal subjects breathing air deficient in oxygen 

Measurements of antecubital and mixed venous blood oxygen content yield very 
low values® bi 76 79 s® In spite of the fact that the tissues are given enough 

oxygen for their basal requirements, as shown by the fact that total oxygen con- 
sumption IS not lowered in anemia, the low tissue oxygen tensions which exist re- 
sult in a diminution of the margin of safety The occurrence of intermittent claudi- 
cation of the calves in patients with anemia has been emphasized by Pickering and 
Wayne In accord with the concept that the tissues are anoxic is the fact that 
blood lactic acid values are often elevated in patients with anemia®® and the ability 
of the body to metabolize intravenously injected lactate is impaired After ex- 
ercise the oxygen debt is greatly increased in anemic patients®' presumably as a con- 
sequence of the accumulation of excessively large amounts of lactic acid 

Visceral Blood Flow 

1 Kidnejs The observations of Bradley and Bradle) " on renal blood flov in 
anemia arc of interest in that thej afford data indicating the presence of selcctne 
changes in aasomotor activity The renal blood flow is greath diminished in pa- 
tients with chronic anemia, cvidentlv as a consequence of localized \asocon- 
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stnction Calculations of the filtration fraction suggest that afferent vasoconstric- 
tion IS somesvhat more marked than that in the efferent arterioles of the glomeruli 
Although flow of blood through the kidneys is reduced by a third or a half, the 
amount of plasma presented for filtration to the glomeruli per unit of time as a rule 
IS almost normal because of the low hematocrit values which occur in anemia 
Accordingly nitrogen retention is uncommon On the other hand the observed 
reduction in blood flow may be related to salt retention observed by Strauss and 
Fox^”^ in patients with anemia (see below) Evidence of impaired tubular function, 
presumably consequent to anoxia, is also presented by the Bradleys 
7 . Brani Himwich and Fa/ekas*'* recorded observations on arterial and jugular 
venous blood gas concentrations in one anemic patient, which indicate that the 
flow of blood through the brain is abnormally rapid in anemia, the venous blood 
oxygen concentration, however, and presumably the tissue oxygen tension in the 
brain, is very low These authors ascribed the development of mental symptoms m 
their patient to anoxia 


The Metabolic Rate m Atiem/a 

A review of the available data indicates there arc no striking deviations from the 
normal total oxygen consumption of the body as a consequence of anemia per sc 
The problem is complicated by the fact that the metabolism of the body maybe 
influenced considerably by the disease which causes the anemia In pernicious 
anemia, Doothby and Sandiford'- observed that approximately lo per cent of their 
patients had a metabolic rate above plus lo per cent Similarly, an average increase 
in basal metabolic rate of plus lo per cent was observed in the 5 patients with 
pernicious anemia studied by Stewart ct al a decrease to an average of plus 6 
per cent occurring during remission induced by treatment In patients with iron 
deficiency anemia, the metabolic rate is increased less frequently and is often no 
or below normal In the 18 patients studied by Brannon ct al the average mcca 
bolic rate in patients with less than 7 grams per cent of hemoglobin was plus 13, 
compared with plus 5 per cent in patients with hemoglobin between 7 and 13 grams, 
and minus 7 per cent in their normal subjects In general, the rise in 
sumption by the body in anemia is at most small or frequently absent, 
present, the increase in cardiac output and velocity of blood flow can be attn 
only in small part to this rise in oxygen consumption 

Blood Volume 

Neither the carbon monoxide method nor the dye methods 
blood volume in normal subjects, experience with pathologic subjects ten s 
firm and extend this conclusion Either method may on occasion give t 
value and it is not possible to assert that either one consistently measures 
blood volume, both methods apparently tend to exaggerate the true bloo v 
The dye method also generally gives excessive values for the plasma 
fairly clear, however, that most methods give fairly reliable jn 

quantitative measures of the relative plasma volume Observations by van 
vestigators of the blood volume in anemia reveal that the blood volume is 
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what reduced” ■ the most thorough studies are those of Gibson et 

al The mean plasma volume per kilogram of body weight is usually within 
the limits of normal, however, so that the diminution is a reflection of reduction in 
total circulating red cell mass 

III Changes in Respiration 

Alterations tn Ventilation 

The respiratory minute volume is often increased in anemia, even beyond what 
might be expected in the presence of occasional elevations of the metabolic 
rate® ®'‘' ®®, some authors have found no striking change in certain in- 
stances Increases m rate and in depth of respiration participate in the elevated 

respiratory volume Although these findings suggest the effects of simple anoxia, it 
IS clear that other influences operate in patients with anemia 
All authors who have measured the vital capacity in patients with anemia have 
found lowered values in many of their subjects More detailed studies, 

involving estimation of the subdivisions of the vital capacity, i e , the reserve and 
conplemental air volumes, show these to be lowered likewise The residual air 
is increased somewhat These deviations from the normal are similar to those 
observed in pulmonary congestion or edema and denote a loss of elasticity and ex- 
pandability Changes of this type favor the occurrence of exertional dyspnea 

Blood Gases and Their Relation to Dyspnea 

Studies of the blood gases in anemia are of importance in understanding the 
dyspnea which may occur in this disorder Arterial anoxia obviously must exist 
when the hemoglobin level is reduced Although some of the earlier observers re- 
ported also that low arterial blood oxygen saturation was common®® most work- 
ers agree that the saturation is normal in patients at rest ®^ Accordingly 

It is apparent that the degree of pulmonary congestion and/or edema present in 
severe anemia is not suflicient to interfere with maximal oxygenation of the blood 
On the other hand, during exertion, arterial blood oxygen saturation falls mark- 
edly,^® indicating inefficiency of the respiratory mechanisms under conditions of 
strain The reduced oxygen saturation of the arterial blood conceivably might be 
due to some qualitative alteration of the hemoglobin in anemia, however, the oxy- 
gen dissociation curve of blood from anemic patients is normal at all pH levels 
found in man ®® 

As pointed out above, the tissue oxygen tensions or at least the gradient berween 
blood and tissues must be greatly lowered This phenomenon exists in the brain, as 
was shown by Himwich and Fazekas'*® and provides an additional mechanism for 
h> perventilation 

Another group of factors important in consideration of the respiratory d> namics 
of anemia is related to peculiarities of carbon dioxide transport in that disorder 
Ioffe and Poulton®® showed by means of experiments in a itro that era rhroc} res arc 
important in carrying carbon dioxide, and Smith, Means and Wooduell®® further 
showed that red cells in vivo maj actuall} carr\ most of the carbon dioxide gnen 
off ba the tissues According!} it is clear that a fall in cn rhroc} re count musr im- 
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pair transport of that gas There is an apparent contradiction in this concept in th 
fact that the whole blood of anemic patients has a carbon dioxide combining powt 
which is in or even above the upper normal range’’ the cai 

bon dioxide combining power is estimated using whole blood, and since each urn 
of the blood in anemic patients contains relatively more plasma and fewer cells thai 
normal, the great carrying capacity for carbon dioxide of plasma as compared ti 
cells, which exists normally, results in the small increase observed in thcwhol 
blood However the role of plasma in the transport of carbon dioxide given offb] 
the tissues may be minor, that of the erythrocytes more important, this is evi 
denced by the fact that plasma and red cells do not participate equally in th 
changes to be described The loss in anemia of much of the buffering actioi 
normally provided by hemoglobin in the red cells and the resultant flattening o 
the carbon dioxide dissociation curve* is highly significant 

a given amount of carbon dioxide entering the blood causes much greater increase 
in carbon dioxide tension and hydrogen ion concentration than occurs when tb 
blood hemoglobin concentration is normal H) pcrvcntilation, which makes the ar 
terial blood somewhat alkalotic in patients with anemia," enables th« 

blood as It traverses the tissues to accomodate this tendency toward acidosis, the 
arterio-venous difference for pH is thereby increased” ’ ■*” but the pH of the 
venous blood,’’ and presumably of the tissues, remains normal 

It has been noted that some types of chronic anemia arc associated with lessexer 
tional dyspnea than others of the same degree and chronicity but of different types 
Clearly, factors other than those discussed above must be important in this regard 
In addition to hemoglobin, the red cells contain other respiratory enzymes, mclu 
ing carbonic anhydrase The latter catalyzes the reaction HCO3 COj + HoO it 
either direction, depending on concentrations of the substrate materials Earlia 
work with this enzyme tended to minimize its importance in the etiology of dysp 
nea because, according to the methods used in the past, there is such an cnoimou. 
excess of this enzyme that it was considered impossible that a deficiency corn 
exist, in the adult at least There arc, however, certain errors in these older met - 
which led to the finding of falsely high values in normal blood By the use 0 a 
newer method it has been found that the amount of activity of the enzyme in nor 
mal blood is so small that a decrease, because of disease, would lead to serious 
pairment of the rate of absorption of carbon dioxide by the blood 10 passing 
through the tissues and the release of carbon dioxide from the blood in pass ^ 
through the lungs Several workers^” ’*’ have studied the relation 

carbonic anhydrase activity and hemoglobin content of the blood in norma 
)ects and patients with anemia It has been found that anemias due to 0 00 
malnutrition, chronic infection, uremia or leukemia are associated with a ^0^ 
tional reduction in blood carbonic anhydrase activity which is parallel to 
crease in hemoglobin level Patients with any of these types of anemias, 
not only have decreased oxygen carrying capacity but also may have a^^e 
in ability to take up carbon dioxide from the tissues and to release it m 
Therefore, not only is anoxia responsible for their hyperventilation an y 
exertion but carbon dioxide accumulation in the tissues is probably a so a 
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On the other hand, patients with Addisonian pernicious anemia may have no de- 
ficiency in blood carbonic anhydrasc activity®'^ - and consequently suffer from 
no impairment of carbon dioxide transport and excretion from lack of the enzyme 
Itself The reason for this difference between macrocytic and micro- or normocytic 
anemias is not clear 

In summary, the followmg factors, many of which are closely interrelated, are 
operative in the production of dyspnea in anemic patients the increased respiratory 
minute volume, the decreased vital capacity and its subdivisions, abnormalities 
in carbon dioxide transport and dissociation, reduced arterial oxygen capacity and 
the decreased blood oxygen saturation during effort, the fi-equently observed ele- 
vated blood lactic acid values 

IV Clinicae Maetifestations or Chronic Anemia 
Cardiovascular and Respiratory Symptoms and Signs in Anemia 

With the exception of active rheumatic infection, bacterial endocarditis, peri- 
arteritis nodosa, disseminated lupus erythematosis, and advanced organic tricuspid 
disease, organic cardiovascular disease does not cause anemia Various cardiovascu- 
lar symptoms and signs occur, however, in the presence of anemia and have at- 
tracted the interest of many observers for more than a century Practically all 
investigators have concerned themselves with isolated aspects of the problem Ex- 
cellent comprehensive climcal studies of the cardiovascular system in anemia were, 
however, presented by Ellis and Faulkner in 1939®® and by Wintrobe^^® and Hunter 
10 1946,®'* the last named also providing an extensive bibliography, which will 
therefore not be repeated here Wmtrobe”® also includes an excellent digest of some 
of the physiologic adjustments of the cardiovascular system in anemia 

I Symptoms Lassitude, anorexia, dizziness, palpitation and breathlessness on 
exertion generally are found in patients with moderate or severe degrees of anemia 
In even the severer grades of anemia, however, breathlessness is rarely present at 
rest, and orthopnea and paroxysmal dyspnea are absent Palpitation likewise is 
generally experienced only with exertion and implies an increase in the rate as we 1 
as in the force of the cardiac impulse Anginal pain may occur particularly on effort 

i Physical signs Pallor of the skin and mucous membranes, changes in the 
tongue and finger nails, and slight degrees of edema, particularly over the sacrum 
and lower legs, are characteristic of the anemic state Increased vigor of arterial 
pulsation with a widened pulse pressure was frequently observed by Sharpey- 
Schafer'*' who also described capillary pulsation in the finger tips In the severer 
grades of anemia, "pistol shot ' sound over the larger arteries, a positive Duroziez s 
sign, and systolic murmurs on auscultation may be manifest The possibi]it\ that 
these evidences of vasodilatation may be related not to anemia but to associated 
fc\cr or beriberi must be borne in mind 

3 Cardiac enlargement Bamberger in 1S57® and Friedreich in 1S61®- commented on 
the pathologic findings of fatty infiltration and degeneration, together ith dilata- 
tion and increased weight of the heart in patients \\ ith anemia Balk \\ as the first 
to demonstrate an increase in heart size bv \-ra) measurements with return to 
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normal after recovery, this finding has been confirmed by many observ- 
ers - S’’ Twelve of the 34 patients studied by Hunter®' showed definite 

cardiac enlargement during anemia, with return to normal size m all but 3 fol 
lowing appropriate treatment In some patients with slight or doubtful degrees of 
enlargement a decrease in size following disappearance of the anemia wasnotd 
The reduction in size was always generalized, but in addition any straightening of 
the left border which had been initially present was replaced by a normal concav- 
ity Cardiac enlargement tends to occur more frequently in patients with particu 
larly low hemoglobin levels and, according to Hunter,®' there is a decrease men 
largement when the hemoglobin percentage rises to the levels of 60 to 95 percent, 
variation being observed in dificrcnt subjects Regression in cardiac size usually oc- 
curred early, often within two or three weeks of the beginning of treatment and at 
hemoglobin levels still substantially below normal " 

Cardiac hypertrophy, however, is also frequently present ^ 

The available data seemingly support the opinion of Porter'"’' that primary car- 
diac dilatation is a physiologic adjustment resulting from the increased cardiac 
output in the presence of a supply of anemic blood through the coronary arteries to 
the myocardium If the anemia is rectified early, dilatation disappears and heart 
size returns to normal If, however, prolonged dilatation continues with stretching 
and injury to the myocardial fibers, cardiac hypertrophy inevitably develops 'The 
degree of cardiac hypertrophy is usually not marked, but an instance is cited by 
Cabot'^ in which the heart weighed 710 grams in the absence of arterial hyper 
tension and coronary arteriosclerosis, the heart of a patient observed by Porter 


weighed 630 grams 

In general, it may be said that both dilatation and consequent hypertrophy uo 
doubtedly occur in patients with anemia, but that there is no direct relation be 
tween the incidence or degree of enlargement and the seventy of the anemia 
the return of the hemoglobin levels toward normal, cardiac size usually returns to 
within normal limits, although occasional instances of persistent slight enlarge- 
ment may be witnessed In addition to dilatation and hypertrophy, the anemic 
heart muscle undergoes a form of fatty degeneration characterized by yellow stre 


mg ‘tigering’ ’) clearly visible on the endocardial surface 
4 Heart sounds A loud and booming first sound is frequently heard in 
with anemia, but no direct relation to the hemoglobin level or the duration 
anemia is apparent The prolongation and accentuation of the apica 

sound may closely resemble the characteristic first sound in mitral 
aortic and pulmonic sounds are usually not altered, but in some patients an 
tional third heart sound is heard at the apex This latter finding has been 
rated by phonocardiography, and must be considered abnormal since the 
were over 30 years of age Both the booming first sound and the 
third sound were associated with a moderate tachycardia, and disappear 


the pulse rate slowed , jjje 

5 Cardiac murmurs That a blowing systolic murmur commonly is 
apex or over the mitral area in anemic patients is generally appreciate 
ally, however, such murmurs are heard over the aortic and pulmonic areas. 
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times they may be rough or even rumbling and may be accompanied by diastolic 
murmurs Attention should be called to the fact that in rare instances a blowing 
diastolic murmur may also be heard along the left border of the sternum character- 
istic of aortic insufficiency Most observers have encountered these diastolic mur- 
murs only rarely While Goldstein and Boas*® reported an incidence of lo per cent of 
these murmurs m 39 cases of anemia, these diastolic murmurs occurred only in asso- 
ciation with severe degrees of anemia The blowing apical systolic murmurs tend to 
be louder, longer, and less affected by posture and by respiration than the same 
systolic murmurs encountered in healthy young persons They are usually not trans- 
mitted to the axilla When, however, they have a rough, rumbling quality and are 
associated with a booming first sound and the slight or moderate cardiac enlarge- 
ment seen in the presence of moderate or severe anemia, the differentiation from 
structural mitral disease may offer difficulty and, indeed, the distinction may be 
impossible In such unusual instances, decision may have to be deferred until fur- 
ther observations arc made when the anemia is alleviated 
It is of interest, that of the 34 patients studied by Hunter®'* while they were mod- 
erately or severely anemic and again after treatment, 30 showed cardiac mur- 
murs, always systolic in time except in one case which showed an early diastolic 
murmur and another a pre-systolic murmur Six murmurs were described as faint, 
16 as moderate, and 9 as rough In cases, murmurs were heard at the apex, in zi 
at the pulmonary area, and in 6 in the aortic area Twenty had murmurs at more 
than one site, 1 e , mitral and pulmonary in 14, mitral, pulmonary and aortic in 6 
An apical murmur alone was present in 9 cases and a pulmonary murmur in i Aor- 
tic murmurs were always accompanied by both pulmonary and mitral murmurs 
The louder murmurs were heard in two and often three areas, and the softer in 
single areas, generally the mitral When multiple murmurs were present, they were 
loudest at the apex, then in the pulmonary area, and least loud in the aortic area 
The murmurs were usually diminished when the patients were in the erect position, 
especially when the intensity had lessened after treatment In 9 patients the mur- 
murs, though not accompanied by thrills, were loud enough to raise a suspicion of 
valvular disease, although their distribution made such a diagnosis unlikely The 
two diastolic murmurs, one late or pre-systolic at the apex, and the other early in 
the fourth left interspace near the sternum, led to diagnoses of mitral stenosis and 
aortic incompetence respectively, until their disappearance with treatment indi- 
cated their hemic origin The incidence of murmurs was not directly related to the 
seventy of the anemia, for they were often conspicuous when it was slight and 
absent when it was considerable The duration of the anemia seemed more im- 
portant na patients described by Schwartz and Legcrc'*® illustrate in striking 
fashion the difficulties which sometimes arise in the differentiation of cardio\ ascu- 
har changes due to anemia from those consequent to serious organic heart disease 
The vide-sprcad belief that cardiac enlargement is the cause of hemic murmurs 
"as not confirmed by Hunter,®* since their association aN as inconstant, and notice- 
aiMc murmurs were heard when the heart as as normal in size and occasionalla ab- 
''cnt aahen there avas enlargement It is probable that acceleration of blood floaa is 
an important cause of the murmurs noted, hoaacacr, the decreased a iscosita of the 
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blood which Rccompanics anemia favors the development of eddies and therefore of 
murmurs, as Wiggcrs'“' pointed out 

As mentioned above, cardiac enlargement usually diminishes rapidly while the 
murmurs tend to persist over a longer period of time Treatment usually effects a 
lessening in the intensity of the murmur and most murmurs disappear or become 
negligible when the blood findings return to normal In a few instances, however, 
such murmurs may persist for several months before disappearing 

6 Teichycardift Modcr.itc increase in the cardiac rate is nearly always present 
with moderate or severe anemia, the rate rising to 90 to 100 The relation beuveen 
the rise in pulse rate and the degree of anemia is variable In studies on the velocity 
of blood flow through the lungs, Dlumgart et al ” observed that the pulse rate was 
more closely related to changes in the velocity of the pulmonary circulation than 
to variations in the degree of anemia This result is hardly surprising since the car 
diac rate and the velocity of blood flow arc both characteristics of the general 
circulatory adjustment and as such arc more closely related physiologically to each 
other than to change in the oxygen carrying capacity of the blood 

7 Arterial blood pressure In the presence of moderate or severe anemia, a lowered 

blood pressure is commonly observed with a subsequent rise as recovery from the 
anemia occurs Although the 5 patients studied by Stewart et al w 

hibitcd a rise in arterial pressures amounting in 3 of their patients to as much as 50 
to 80 millimeters and 30 to 46 millimeters of mercury in the systolic and diastolic 
pressures respectively, other workers found lesser changes Similar, though not ^ 
striking or uniform findings, were reported by Brannon et al while Bradley an 

Bradley^"* found no consistent change This tendency for the blood pressure to 
with recovery from anemia occasionally counterbalances the decreased worko t 
heart which also occurs at this time due to lessened volume output and velocity 
ofblood flow during recovery. It may result in the work of the heart being approi^t 
mately the same in some patients during anemia as after recovery The rise 1 
arterial pressure which may develop is a reflection of the increase in total perip c 
resistance which occurs when the need for visceral vasodilatation is no longer pres 
ent as the hemoglobin level approaches normal The somewhat widened pu se pr 
sure sometimes seen in anemia with narrowing of the span after recovery 
accord with this concept 

8 Venous pressure The right auricular pressure in patients studied by 
Schafer^^ wafe usually a high normal A slight elevation was noted m 
patients by Stewart et al while no significant alterations were noted m r e 0 

4 patients No elevation was found by other authors Sharpey-Sch ^ 

lieves that the increased output is achieved mainly by the raised venous pr 


concept which requires further verification 

9 Electrocardiographic changes Numerous studies of the 
chronic anemia indicate that, while abnormalities occur in 
or more of such patients, they arc minor in degree and are not specific or a^ 
Prolongation of the QT interval,^®’' flattening or inversion of T in j.js- 

leads,^^ low amplitude,^®® - transitory prolongation of the P-R intcrva 
sion of the ST segment^® have been noted A return to normal of the e cetr 
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- gram was sometimes observed after treatment, although this did not always occur 
even when there was no reason to suspect other forms of heart disease In a of the 
,) 15 patients studied electrocardiographically by Hunter, gross abnormalities were 
apparent, but in spite of successful treatment of the anemia, the electrocardiogram 
was unchanged on rc-examination a year later, both patients were in the fifth 
decade and the changes may have been consequent to coronary arteriosclerosis or 
other lesions 

The possibility of vitamin B deficiency, digitalis administiation and, in some pa- 
tients, the effect of the disease responsible for the anemia, are difficult to exclude in 
some of the reported cases although these factors were evidently ruled out in the 
studies by Ellis and Faulkner^® and Hunter 
The electrocardiographic changes frequently apparent in chronic anemia are simi- 
lar to those observed during acute anoxia That anoxia is an important factor is fur- 
ther supported by the frequently transitory character of the changes in moderate or 
severe anemia In some patients, the electrocardiographic changes may represent 
the summation of anoxia, coexistent coronary arteriosclerosis, and fatty changes in 
the myocardium 

It IS not surprising that the effects of anoxia are prone to occur in the heart dur- 
ing chronic anemia, for even under normal conditions the abstraction of oxygen 
from the blood as it flows through the heart is relatively great Thus, mixed venous 
blood in the right chambers contains approximately 15 volumes per cent of oxygen 
and, as stated above, this amount of oxygen represents a reserve factor On the 
other hand blood from the coronary sinus obtained in observations in man by 
catheterization technics contains only approximately two volumes per cent The 
abnormal reduction of this reserve factor in the heart, the lowering of blood pres- 
sure commonly observed in anemia, and the increased work of the heart attendant 
to the increased output predispose to anoxia 

Avgtua Factors aud Seven Astevna 

Herrick^® drew attention to patients with severe anemia who developed an- 
gina pectoris, and who experienced relief when the anemia improved, this was 
confirmed subsequently by many other investigators 

It IS to be expected that in any large series of patients with anemia an occasional 
instance of coincidental angina pectoris might be encountered The fact, howcacr, 
that angina pectoris first appears in some patients with the development of sc\crc 
antmia and IS alleviated by appropriate treatment of the anemia bespeaks an 
etiologic interrelationship Such patients are encountered onh oceasionalh and 
'ite almost alwa'vs in the age group in which coronar) arteriosclerosis is more 
eonunon Cabot'" and Elliot,-’ however, ha\c both reported cases in which no 
evidence of coronar) artery disease w as found postmortem In most patients of this 
*'1^, howexer, It is probable that the heart is damaged to so slight an extent that 
It Is abl(_ to inaintiin an adequate blood floxx proxidcd that the owgen cirrxing 
e ipacitx of the blood is normal In the presenee of anemia, howexer, the mere i^cd 
miount of w ork neccssarx to compensate for this condition cannot be accomplished 
feadih , particul arh since the blood supph to the heart is affected in common v ith 
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that of the rest of the body Furthermore, the normally large utilization of avail 
able oxygen by the heart predisposes to the induction of ischemic muscle pain id 


severe anemia 


Congestive Failure in Anemia 

The necessity for the maintenance of the cardiac output and cardiac work at an 
abnormally high level for long periods of time, and the delivery to themyocar 
dium of blood deficient in oxygen together favor the occurrence of myocardial in 
sufficiency Other factors favoring it arc present when the patient with severe 
anemia also is in the age group in which coronary artery disease and hypertension 
occur, as is common in pernicious anemia and anemia due to carcinoma Nephnuc 
anemia usually is also complicated by the presence of hypertension The coexistence 
of organic cardiovascular disease, added strain upon the heart due to anemia and 
anoxia of the myocardium arc especially prone to result in congestive heart failure 
When this syndrome develops the circulatory dynamics change The right auricu- 
lar and venous pressures become elevated, the lungs become more congested, and 
the cardiac output, although often still elevated in comparison to the normal, be 
comes lowered relative to the values which ordinarily obtain with a given degree 
of anemia The arm-to-tonguc circulation time in such instances represents the 
resultant of two opposing factors, i c , a tendency toward slowing due to congestive 
failure on one hand and toward acceleration due to anemia on the other, it often 
lies in or close to the normal range as a consequence Patients in whom myocardial 
insufficiency develops as a consequence of anemia have aggravation of their antecc 
dent exertional dyspnea, as is to be expected from the supenmposition of theaddi^ 
tional mechanisms favoring dyspnea which occur in chronic congestive failure 
Such patients are likely to respond poorly to digitalis unless the anemia is cor 
rected On the other hand, since congestive heart failure develops in patients wi 
anemia when the heart is less seriously damaged than in those in whom car a 
decompensation is referable to heart disease alone, the ultimate outlook, assuming 
adequate therapy of the anemia, is better in the former than m the latter 

Dyspnea is not necessarily an indication of congestive failure Dyspnea may 
consequent to anemia per se and as such may be the resultant of the action of a num 
ber of factors, each of which has been discussed above These include the e 
low arterial blood oxygen concentrations on the carotid body, the effect of oi 
sue oxygen tensions directly on the brain, the effect of low oxygen 
gerating lactic acidosis on effort, and the effects of impaired carbon dioxi 
port, the latter requires arterial alkalosis to prevent tissue 
mechanisms all favor hyperventilation and thereby contribute to dyspnea 
tion the changes in the subdivisions of the lung volume indicative cj.cr' 

congestion and/or edema point to a pulmonary factor in the genesis o 
tional dyspnea seen in severe anemia Still another factor favoring exertioua 
nea is the high cardiac output at rest which reduces the cardiac reserve 
for exercise None of these mechanisms is altered by the administration o 
or other forms of therapy directed at cardiac decompensation, they 
favorably when the anemia is treated successfully 
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As in the case of dyspnea, there is a tendency toward edema formation inherent 
in anemia even in the absence of congestive failure Older clinicians are aware of 
this phenomenon and younger physicians still see it occasionally m spite of the 
earlier diagnosis and more adequate therapy of anemia which obtain today Peters 
and Eisenman^ in a thorough analysis of the relation of the level of the plasma 
protein to edema in various diseases noted that patients with anemia developed 
edema at levels of plasma protein well above those seen m other diseases associated 
with edema, with the exception of congestive heart failure, these authors were un- 
able to explain this phenomenon The change in capillary permeability noted as 
occurring in animal preparations imder anoxic conditions®® ®® may have some bear- 
ing on the problem On the other hand, it is to be noted that Strauss and Fox,^®® 
in a study entitled ‘Anemia and Water Retention,” showed that retarded excretion 
of sodium, varying in degree with the seventy of anemia, was present A tendency 
of this sort toward salt retention suggests the involvement of some renal mecha- 
nism, as pointed out by Bradley and Bradley in their discussion of the occurrence 
of markedly reduced renal flow in anemia Many years ago Rowntree and Fitz®^ 
caused salt retention in animals by inducing renal vascular stasis It is clear that 
edema may occur in anemia even in the absence of congestive heart failure The 
edema of anemia, like the dyspnea of anemia disappears when the anemia is cured 
When exertional dyspnea, edema and the commonly occurring hepatomegaly of 
severe anemia occur together, the diagnosis of myocardial insufficiency suggests 
Itself However, the absence of venous engorgement and more especially of orthop- 
nea contradict that diagnosis Absence of cyanosis is not helpful, for as Lundsgaard 
and Van Slyke^^ showed, it is impossible for cyanosis to develop under any circum- 
stances in patients with less than five grams per cent of hemoglobin 

V Summary 

The cardiac and respiratory adjustments in chronic anemia and their clinical 
manifestations have been reviewed When the oxygen carrying capacity of the 
blood is diminished, an adequate supply of oxygen to the tissues is maintained b} 
an increased cardiac output, an increased velocity of blood flow, and a relatively 
more complete abstraction of the oxygen from the blood as it passes through the 
capillaries With the increased blood flow, the average peripheral resistance is de- 
creased but the state of the small blood vessels is not uniform cvcrpvhere, the 
blood flow m the hands and kidneys, for instance, ma) be reduced, while that of 
other parts of the body is increased The total oxygen consumption of the bod> in 
anemia IS not strikingly altered The blood volume generall) is slight!) reduced but 
the plasma aolume is normal 

The de\ nations from the normal values vat) from patient to patient, but generalh 
are dclinitc when the hemoglobin values arc less than 50 per cent and arc greatest at 
the low est lc\ els of hemoglobin concentration 

The close interrelationship between thccardioa ascular and respirator\ s\ stems is 
cvcmphiicd b^ the coincident changes in the respiraror\ s\ stem in anemia The rate 
and depth oi respiration often are increased together with a lowering in the \ital 
capieiiN ind Its subdi\ isions, thercscrac and complemcntal tir\olumcs Thcrcsid- 
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ual air is somewhat increased These deviations from the normal are similar to 
those observed in pulmonary congestion or edema and denote a loss of elasticit} 
and expansibility favoring the occurrence of exertional dyspnea The arterial blood 
saturation is usually normal at rest but, during exertion, a significant lowering be 
comes apparent 

The importance of hemoglobin in the transport of carbon dioxide is reviewed, 
the decreased availability of hemoglobin as a buffer in carbon dioxide transport m 
anemia is compensated by the increased ventilation of the blood in the lungs, ren 
dering the arterial blood somewhat alkalotic The red cells also play an important 
role in regard to the respiratory cnz> me, carbonic anhydrase In the anemias due to 
blood loss, malnutrition, chronic infection, uremia, or leukemia, the blood car 
bonic anhydrase activity is parallel to the decrease in hemoglobin level leading to a 
deficiency not only of oxygen carrying capacity but also a decreased ability to ab- 
sorb carbon dioxide from the tissues and to release it in the lungs The following 
factors, many of which arc closely interrelated, arc operative in the production of 
dyspnea in anemic patients the increased respiratory minute volume, the decreased 
vital capacity and its subdivisions, the abnormalities in carbon dioxide transport 
and dissociation, the reduced arterial oxygen capacity and the decreased blood oxy 
gen saturation during effort, and the frequently observed elevated blood lactic acid 
values 

The symptoms and signs exhibited by anemic patients, including palpitation and 
breathlessness on exertion, tachycardia, cardiac dilatation and hypertrophy, arede 
scribed Jn addition to an apical systolic murmur, other systolic and diastolic mur- 
murs are occasionally heard The arterial blood pressure is frequently lowered m 
anemia, the venous pressure is generally within the limits of normal Electrocardio- 
graphic abnormalities occur in approximately one-quarter of anemic patients but 
are minor and not specific in character 

The occurrence of angina pectoris, congestive failure, and intermittent claudica 
non in some patients with the development of anemia, and disappearance of these 
conditions as the anemia is alleviated, is discussed with particular reference to the 
underlying physiologic mechanisms 


REFERENCES 

1 Adramson, D I , Fierst, S M , and Flacks, K Resting peripheral blood flow m the ancniic sate 
Am Heart J a/ 609, 1934 

* Altschule, M D The pathological physiology of chronic cardiac decompeasatioQ Medicine / 

75, 1938 ,j 

* Arpbrly, F L , and Cary, M K The mechanism of the compensatory changes m anemia, cspcci 

as regards blood CO2 and pH Am J M Sc xp7 2.19, 1939 

* Bain, C W C Observations on the speed of the circulation Quart J Med 7 2.37, j ^ 

® Ball, D Change in the size of the heart in severe anemia with report of a case Am 

317, 1931 

' Bamberger, H Lchrbuch der Krankheiten des Herzens Vienna, W Braumullcr, 1857 
’ Barr., D P , and Peters, J P , Jr HI The carbon dioxide absorption curve and car on 

tension of the blood in severe anemia J Biol Chem 4s 571, 192-1 j 

® Beddard, a P , AND Pembrey, M S Observations on pulmonary venulation in disease 
2 580, 1908 



HERRMAN L BLUMGART AND MARK D ALTSCHULE 


345 


® Berkstbin, M , AND SiMKiNS, S Thc use of magnesium sulphate m the measurement of circulation 
time Am Heart J i- 2.18, 1939 

Blumgart, H L Thc velocity of blood flow in health and disease Thc velocity of blood flow m 
man and its relation to other measurements of thc circulation Mcdicmc zo i, 1931 

, Gargill, S L , AND Gilugan, D R Studies in thc velocity of blood flow XV Thc velocity 

of blood flow and other aspects of thc circulation in patients with primary and sccondar) anemia 
and in two patients with polycythemia sera J Clin Investigation p 679, 1931 
^ Boothby, W M , AND Sandiford, 1 Basal metabolism Physiol Rev 4 69, 1914 ^ 

Bornsthin, a Ueber die Messung dcr Krcislaufzcit in dcr Klinik Vcrhandl d dcutsch Kong f 
inn Med ap 457, 191a 

Bradley, S E , and Bradley, G P Renal function durmg chronic anemia in man Blood 2 191, 

1947 

“ Brannon, E S , Merrill, A J , Warren, J V , and Stead, E A , Jr Thc cardiac output m patients 
with chronic anemia as measured by thc technique of right atrial catheterization J Clin Investi- 
gation 24 331., 1945 

Bollrich, R a Influcncia patogcnica dc los cstados ancmicos sobre la angina dc pccho Semana 
Med 2. 1137, 19L5 

Cabot, R C Facts on thc Heart Saunders, Philadelphia and London, 1^6 

, AND Richardson, O Cardiac h)q>crtrophy in pernicious anemia Note on nineteen necropsies 

JAMA 7a 991, 1919 

Campbell, J M H , Hunt, G H , and Poolton, E P An examination of the blood gases and 
respirauon m disease, with reference to thc cause of breathlessness and cyanosis J Path Bact 
atf 134, 1913 

Coombs, CPA note on thc cardiac symptoms of pernicious anaemia with particular reference to 
cardiac pain Brit M J a 185, 1916 

Crisafelli, a , AND CoLACRESi, A La prova di carico con lattato di sodio per la diagnosi di 
msufficicnza cardiaca Cuorc c Circolaz ax 557, 1937 
** Dadtrbbande, L Lc debit cardiaquc dans 1 anemic Comp rend Soc dc biol pp 10x9, X92.5 

L alcalose paradoxalc dc 1 anemic pemicicusc Compt rend Soc dc biol pp 1031,1915 

** Davis, D , and Blumgart, H L Cardiac h)q)crtrophy Its relation to coronary arteriosclerosis 
and congestive heart failure Ann Int Med xx 1014, 1937 
“ Dill, D B , Bock, A V , VAN Caulaert, C , Follino, a , Hurxthal, L M , AND Henderson, L J 
Blood as a physicochemical system VII Thc composition and fcspirator) exchanges of human 
blood during recovery from pernicious anemia J Biol Chem 7S 191, 1918 
DuBois, E F Basal Metabolism in Health and Disease, cd 3 Philadelphia, Lea &. Fcbigcr, 1936 
,7 P 389 

Elliot, A H Anemia as thc cause of angma pectoris in thc presence of health) coronarj arteries 
and aorta Report of a ease Am J M Sc 1S7 185, 1934 
Elus, L B , AND Faulkner, J M Thc heart in anemia Nci\ England J Med 220 943,1939 
■’ Emerson, C P , Jr , and Helmar, O M Reaction (pH) and carbon dioxide content of thc xenous 
plasma in pernicious anemia Arch Int Med pp 2.54, 1935 
Fahr, G , AND Ronzone, E Circulator}' compensation for deficient ox) gen carr) ing capacit} of thc 
blood in sc\ ere anemias Arch Int Med zp 331, i9ix 
FitzGerald, M P Thc al\ colar carbonic acid pressure in diseases of thc blood and in diseases of thc 
respirator} and circulatory s} stems J Path &. Bact xp 328, 1909 
Friedreich, N Die Krankhcitcn dcs Herzens m Handbuch dcr Spccicllcn Pathologic und Thcrapic, 
^ xol 3 Erlangen Ferdinand Enkc, 1861 

Gargill, S L Thc use of sodium dchvdrocholatc as a clmical test of thc vcloat) of blood flow 
New England J Med zrp 1089, 1933 

Gibson, J G , id Clinical studies of thc blood xolumc \T Changes in blood x olumc in pernicious 
anemia m relation to the hematopoietic response to intramuscular Iixer extract thcrap} J Clm 
^ Inxcstigation zS qoi, 1939 

.Harris, A W , AND SxxnoERT, V W Clmical studies of thc blood x olumc Macroex tic 



346 


CARDIAC AND RESPIRATORY ADJUSTMENTS IN ANEMIA 


ind hypochromic incmn-; due to chronic blood loss, hcmoljsis and miscellaneous causes, and 
pol)C)thcmn \cri J Clin Inscstigition iS 611, 1939 
Goldberg, S J The use of calcium gluconate as a circulation time test Am J M Sc rji 36,1536 
Golddloom, a a Clinical studies in circulators adjustment III Clinical c\ aluation of carduc 
output studies Internat Clin j io6, 1936 

, and LiEnERSON, A Clinical studies in circulators adjustments V Clinical esaluauou of 

cardiodynamic studies Am ] M Sc /p- 181, 1939 
Goldstein, D , and Boas, E P Functional diastolic murmurs and cardiac enlargement in scrat 
anemias Arch Int Med 39 116, 192.7 

''® Grollman, a The Cardiac Output of Man in Health and Disease Baltimore, C C Thomas, 193L 
Grunderg, F W Uber einige Ver inderungen son seitcn des Herzgefass) stems bei Schsveren Ani 
mien Deutsches Arch f klin Med /iCj 354, 1930 
Hampson, a C , AND Maizeij, M The difTcrcncc of pH betsscen plasma and red cells J Physiol 
64 x\, 192.7 

Harrop, G A , ]r The o\s gen and carbon dioxide content of arterial and of senous blood in norniil 

indis iduals and in patients ss ith anemia and heart disease ] Exper Med 30 241, 1919 
Hasselbalcii, K A Uber die ssahre Natur dcr acidotischen Konstitution’ des Neugeborenen Bio- 
chem Zcitsch Sc 2.51, 1917 

Herlitzka, L , AND Angeleri, C Richerche sull importanza delle cure di carico con lattatodi sodio 

come pros a della functionalita cardiaca Arch perlcSc Med 62 97,1936 
Herrick, J B On the combination of angina pectoris and ses ere anemia Am Heart J 2 351,19^7 
Trans Assoc Am Ph>s 42 13, 1927 

, AND Nuzum, F R Angina pectoris Clinical experience with two hundred cases JAMA 

-c 67, 1918 

^®HiMwiai,H E , AND Fazekas, J F The oxj gen content of cerebral blood in patients with acuK 

s)mptomatic psychoses and acute destruens c brain lesions Am J Psjchiat 100 648,1944 

■** , AND Lobbcl, R O The ox)gen saturation of hemoglobin in the arterial blood ofeicrcisuig 

patients J Clin Insestigation 3 113,1917 

Hisingeb-Jaoerskiold, E Klinische Kapillarstudien bei Blutkrankheiten und Zirlailations-Storna- 
gen Acta Med Scandinas sS 131, 1913 

Hitzenberger, K , and Tuchfeld, F Die DJutrcaktion dcr pcmizioscn Anamie in schlechtcnu 
gutenZustand Ztsch f klin Med iij 607,1931 , 

Hodgson, T H The carbonic anh)drasc content of blood in pathological states m man 
Exper Path n 75. 1936 , , 

Hopper, J , Jr , Winkler, A W , and Elkinoton, J R Simultaneous measurements o ^ jj 
S'olumc in man and dog b) means of Esans blue dsc, T 1814, and bj means of carbon monox 
Under normal conditions, including secondar} shock J Clin Ins cstigation 13 636,1944 
Hdnter, a The heart in anaemia Quart J Med 13 107, 1946 
HCrter Untcrsuchungen am artencllcn mcnschlichcn Dlutc Deutsch Arch f klm 


** Hussex, H H , Wallace, J J , and Sullivan, J C The saluc of combined fjiJnK 

venous pressure and arm-to-tonguc and arm-to-lung circulation times m the study o 

Am Heart J z} 11,1941 K-r Atmung 

Jansen, K , Kmpping, H W , and Strombergbr, K Klinische Untcrsuchungen ue 

Blutgasc Bcitr zur Klin dcr Tuberk 80 304, 1931 hvsioMg'< 

Jerxtell, O Investigation of the concentration of lactic acid in blood and urine un er p 

and pathologic conditions Acta Med Scandmav Supp 14,1918 oxigcDit^ 

Jofee, j , AND PouLTON, E P Thc partition of CO. betss'cen plasma and corpusc es m 
and reduced blood J Physiol 33 119, 1910 
Kahler, H Uber Vcrandcrungcn dcr Blutumlaufszcit Wien Arch f mn Me ip i. 

Keefer, C S , and Resnik, W H Angina pectoris A syndrome caused by anoxemi 

dium Arch Int Med 41 769.19^8 , l ,.„.t,ons on the effcci 

Kininmonth, j G Thc circulation rate in some pathological states, tvith o 
of digitalis Quart J Med zi z.-j-j, 1918 



HERRMAN L BLUMGART AND MARK D ALTSCHULE 


347 


Kinsman, J M , Moore, J W , and Hamilton, \V F Studies on the circulation Analysis of some 
problems of the circulation in man in the normal and in pathological states, by the use of the injec- 
uon method Kentucky State M J 185, 1933 

** Knipping, H W , Lewis, W , and Moncriefp, A l)bet die Dyspnoe Bcitr zur Kim dcr Tuberk 
79 1,1931 

“ , AND Moncriepf, A The ventilation equivalent for oxygen Quart J Med i 17, i93x 

Koch, E Die Sttomgeschwindigkeit dcs Blutes Em Beitrag zur Arbcitsprufung des Krcislaufcs 
Deutsch Arch f klin Med 140 39, i9zx 

•1 Lambie, C G Observations on the carbonic anhydrasc of the blood in anaemia and m other patho- 
logical condmons EdmburghM J 4j 373,1938 

** The functional pathology of anaemia Part II The transport and elimmation of carbon diox- 

ide M J Australia 3 341, 1937 

Landis, E M Micro mjcction studies of capillary permeability III The effect of lack of oxygen on 
the permeability of the capillary wall to fluid and to the plasma protems Am J Physiol #3 518, 
1918 

Lange, K , and Boyd, L J Objective method to determine the speed of blood flow and their results 
Am J M Sc 206 438, 1943 

’^LeschkEjE Kreislaufzcit und Blutzeschwmdigkcit Munch med Wochenschr 7S xiiy, 1931 
Lewis, H D , and Altschule, M D Significance of changes in blood carbonic anhydrasc acuvity 
m anemia To be published 

” Lewis, T , and Drury, A N Observations rclatmg to arterio-venous aneurism Part I Circulatory 
manifestations m clmical cases with particular reference tp the arterial phenomena of aortic regurgi- 
tation Heart xo 301, 19x3 

Lian, C , AND Facquet, J La mesure de la vitcssc circulatoirc en dehors de 1 msuffisance cardiaquc 
Bull etmem Soc M^d d h6p de Pans // 397,1935 
^jiiLjESTRAND, G , AND Stenbtrom, N Clmical studies on the work of the heart during rest II The 
influence of variations m the hacmoglobm content on the blood flow Acta Med Scandinav 6} 
130, 191.5 

Lundsqaard, C Studies of oxygen m the venous blood V Dctcrmmations on patients with anc 
mia J Exper Med 30 147, 1919 

” , and Van Slykb, D D Cyanosis Medicine 2 i, 19x3 

Means, J H , Bock, A V , and Woodwell, M N Studies of the acid-basc equilibrium in disease 
fi:om the pomt of view of blood gases J Exper Med 33 xoi, 1911 
Morawitz, P , AND Rohmer, W tJber die Sauerstoffversorgung bci Anamicn Deutsch Arch f klm 
Med H4 5x8, 1908 

Nielsen, H E The circulation m anaemic condmons Acta Med Scandinav Si 571, 1934 
Nylin, G More recent developments of heart function tests J A M A rsp 1333,1937 
** Peters, J P , Bulger, H A , and Eisenman, A J Studies of the carbon dioxide absorption curie of 
human blood IV The relation of the hemoglobin content of blood to the form of the carbon diox- 
ide absorption curve J Biol Chem fS 747, 19x3 

- , and Eisenman, A J The serum protems m diseases not primarily affecung the cardioi ascular 

s) stem or kidneys Am J M Sc jS6 808,1933 

PicaoNE, F, V , AND Boyd, L J The determmation of blood xelocit) by lobclme J Lab &. Clm 
Med 26 766^ 

Pickering, G W , and Wayne, E J Observations on angma pectoris and intermittent claudication 
in anaemia Clin Sc i 305, 1934 

PLEScn,J Hamod)Tiamischc Studien Ztsch f cx-p Path u Therap 6 380,1909 
' Die Pathologische Phjsiologie dcs Lungcnvoluracns und seine Bczichung zum Krcislauf 
s$ ^ Path u Therap 13 165, 1913 

J, ® association of angina pectoris and anemia Virginia M Monthh fS S06, 193X 

' ^^■'tt changes and ph\ siologic adjustment in hookworm anemia Am HcartJ ij 550,1957 
■ ~ The Heart in Ancmn, m The Diagnosis and Treatment of Cardiovascular Disease Edited b\ 

D Stroud Philadelphia, F A DaMsCo,i940 Vol I.p xoS 



348 


CARDIAC AND RESPIRATORY ADJUSTMENTS IN ANE^A 


S' Richards, D W , ]r , and Strauss, M L 0 \.> -hemoglobin dissociation curses of whole blood i 
ancmi-i J Clin Investigation^ 105,1917 

s" , AND Circulator) adjustments in anemia J Clin Insestigation / 161,1918 

S’ Rowntree, L G , Drown, G E , and Roth, G M The Volume of the Blood and Plasma May 
Clinic Monographs Philadelphia, \V D Saunders Co , 1919 

, AND Fitz, R Studies on renal function in renal, cardiorenal and cardiac diseases Arch Ini 

Med II 158, 1913 

s- Saslow, G The relation between the oxsgcnation of fluids and the occurrence of edema m the pa 
fused frog web Am J Physiol 124 360,1938 

ss Schwartz, S O , and Leoere, H Atvpical pernicious anemia of \oung adults Am J M Sc itS i 


'943 

S' Sharpes -S aiArER, E P Cardiac output in se\ ere anaemia Clin Sc s "- 5. '944 
ss Smith, L W , Means, ] H , and Woodwell, M N Studies of the distribution of carbon dioxid 
between cells and plasma J Diol Chem 4s MS> ' 9 -° 
ss Stadie,\V C , AND Martin, K A The elimination of carbon monoxide from the blood Atheorco 
cal and experimental studs J Clin Investigation a 77,1915 
Starr, I , Jr , Collins, L H , Jr , and Wood, F C Studies of the basal works and output of th 
heart in clinical conditions J Clin Investigation 12 13, 1933 

, Donal, J S , Margiolies, A , Shaw, R , Collin’s, L H , and Gamole, C J Studies of th 

heart and circulation in disease, estimations of basal cardiac output, metabolism, heart siicam 
blood pressure in 135 subjects J Clin Investigation i) 561, 1934 

, AND Jonas, L Supernormal circulation in resting subjects (h) pcrkinemia), with a stud) ofthi 

relation of kinemic abnormalities to the basal metabolic rate Arch Inc Med -i 1,1943 

'O’ Stew ART, H J , Crane, N F , and Deitrick, J E Studies of the circulation in pernicious aneow 

J Clin Investigation 16 431, 1937 

'O' Stewart, G N Studies on the circulation in man The blood flow in the hands and feet m norma 
and pathological cases Harvev Lectures, 191Z-1913, (? 86 
'00 Strauss, M B , and Fox, H J Anemia and water retention Am J M Sc .ee 454,1940 

'00 Tarr, L , Oppenheimer, D S, and Sager, R V The circulation time in various clinical con non 

determined b) the use of sodium dchvdrocholatc Am Heart J S 766,1933 
'O' Tung, C -L , Dien, W -N , and Cn , Y -C The heart in sev ere anemia Chinese M J 479 > ' 9 F ^ 
'00 Turner, K D Low voltage in the electrocardiogram Occurrence and clinical significance 
Int Med jo 380,1931 

'00 Warburg, E J Studies on carbonic acid compounds and hydrogen ion activities m bio on 


solutions Biochem J iff 153, 1911 

"0 WiGGERS, C J Ph) siology in Health and Disease Philadelphia, Lea A Febiger, 1934. ^ 
WiLLius, F A , AND Giffin, H Z The anginal syndrome in pernicious anemia Am J 


^O, 19^7 mrrhodc 

"0 WiNTERNiTz, M , DEimcH, J , AND Brull, Z Einc klinisch Brauchbare Bestimmungs 

BlutumlaufszcitmittelsDecholininjcction Med Klin 27 986,1931 nnalioc 

WiNTROBE, M M The cardiovascular system in anemia vv ith a note on the particular a n 

of sickle cell anemia Blood i 1x1,1946 ' . 

'" Zimmerman, O Angina Pectoris bci Schweren Anamien I Mitt Klin Wchnschr 14 47 > 



IRREVERSIBLE TOXIC “INCLUSION BODY” ANEMIA 

A Rarely Recognized Syndrome, Clinical and Experimental Studies 

Bjy M H Fertman, M D , Aira Charles A Doan, M D 

A PATHOLOGIC entity, apparently rarely recognized, and unreported in re- 
cent American and British hematologic clinical literature, is a form of refrac- 
tory anemia characterized by peculiar “inclusion bodies” in the circulating 
red blood cells First reported by Heinz in 1890^ and noted by Ehrlich in i 89L““ in 
experimental poisonings with pyrodine, dinitrobenzol and other related com- 
pounds, “Heinz Inner-Kopern” may be readily identified in plam dried blood films, 
and are described in wet preparations, stained with brilliant cresyl blue or Nile 
blue sulphate, as deep blue, eccentrically placed spheres of varying size and number 
within the erythrocytes ^ They are readily distmguished from Howell-Jolly bodies, 
siderocytosis, and classic reticulocytosis by their characteristic appearance, dis- 
tribution and staining reactions ^ They have gone undetected in most routine clini- 
cal laboratories probably because in the usual Wright-Giemsa stained and mounted 
blood films prepared for microscopic study they are difficult to demonstrate 
Our own attention has been currently focused upon this phenomenon by the dis- 
covery of Its occurrence in the blood of an elderly physician with an unexplained 
refractory anemia, which terminated fatally despite the use of all available thera- 
peutic measures 


Clinical Observations 

Dr M, ^^(4410193, a 71 year old white male physician, was admitted to the Hematology Service* 
University Hospital with complaints of weakness, anorexia and nausea of four weeks duration Attacks 
of angina pectoris of increasmg seventy and frequency had been noted for approximately four jears 
Eight veeks prior to this admission the patient first began to experience some d)spnca, orthopnea and 
moderate pedal edema 

Examination revealed an obese elderly male showing marked pallor of the skin and mucous membranes 
with a slight icteric pigmentation His tongue showed no atrophic changes, and Ijunphadcnopath) i\as 
nowhere apparent The chest was increased in the antero-postenor diameter and fine scattered rales were 
heard in both lung bases The heart was moderately enlarged to the left on percussion A soft blow ing 
apical systolic murmur was present The blood pressure was within normal limits The Incr edge was 
palpable 6 cm below the right costal angle, the spleen was not enlarged Rectal examination rescaled 
a diffuscl) enlarged firm prostate with no tenderness and no nodules There was slight pitting edema of 
the ankles Vibratory and position sense and deep tendon reflexes were ph) siologic 

The patient w as temperature-free throughout his entire course in the hospital except for one transi tot) , 
mild thermal post-transfusion reaction 

Elcctroardiograms demonstrated sinus tach}cardia and low \oltage with eudcnce of mtocardial 
damage X-ra) examination of the chest showed moderate enlargement of the heart with diffuse densities 
m both lung fields, suggestn e of some cardiac congestion Rocntgenographic examination of the stomach 
and lower gastrointestinal tract showed no csidencc of organic patholog) X-rai plates of the skull, 
ong bones, and bon) pchis were cntircl) normal 

From the Dnision of Medical Research, Department of Medicine, Ohio State Unuersitt , Columbus, 
Ohio 
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The idmission blood scud} rcscilcd z, 331,000 red cells per cu mm , 5 6 grams of hcmoglobmp 
100 cc , and 16,100 c\ hire cells \\ ith 83 per cent mature motile neutrophils and 13 per cent nomul.smi 
l}mphoc}tcs Serial urinal} scs and kidne} function tests \sere consistent!} normal The scduncDuuo 
rate, blood phosphorus and phosphatase, and blood urea nitrogen as ere avithin normal limits Thetcsi 
for Bence-Jones protein in urine and plasma aacre rcpcatcdl} negatiae The hippuricacid excretion wj 
onl} I 88 Gm , prothrombin time 58 8 per cent, and blood proteins 4 68 mg aatth a 83 mg albumi 
and I 96 mg globulin Gastric anal} sis reacalcd a normal amount of free h}drochloric acid, and st« 
examinations shoaacd no occult blood 

During his fift}-ninc daa s of obseraation in the hospital, the patient aaas giaen transfusions of laliol 
blood, and aa ashed, resusjaended red blood cells, totaling 6 liters His red cell count ranged betweo 
i,8io,cxxi and 3,980,000 per cu mm Because of the macroc}tic anemia aaith a megaloblastic bone mii 
roaa, he aaas giaen a therapeutic trial of a concentrated form of liacr extract, reticulogen, 10 units dad 
for sea en daa s This aa as later repeated for a ten da} period Ferrous gluconate, 5 grains three timcsdaily 
aaas administered for fifteen daa s in an efibrt to correct the h}pochromi3 The patient avas digiuliic 
and receiaed aminoph}llin for his cardiac status Other supportiae treatment, included high aitiminl 
complex supplement 

The rcticuloc} te count, aahich aa as 14 8 per cent at the time liaer extract aaas first instituted, rose to; 
peak of XI. 8 per cent after seaen daa s, but aaas not folloaacd ba an\ significant increase in the total cti 
culating red blood cells Irrcspectiae of therapa , the reticuloca tes aaried bctaaccn 3 per cent and 15 p 
cent throughout the clinical course of the anemia 

On the taacnt}-third hospital daa the mature red blood cells, stained aaith brilliant crcs}l blue, 
first obseraed tocontain atapical inclusions, distinguishable from the regular reticulum Asraan)asi 3 - 
per cent of the era throca tes contained these bodies Inclusion bodies aacre noted from then on coa 
sistcntl} in all daila preparations, in numbers aaraing from i to t6 percent Hoaa long these incinsK® 
may haac been present in the patient s circulating red cells prior to their detection is a matter of coo 
jecture 

The patient aaas resura e\ed aaith reference to a possible toxic ctiologa for his refractor) mo 
bod} anemia Attention aaas focused on the 500 } grain er}throl tetranitratc tablets taken ora y 
the preceding }car for his angina pectoris Except for the rare use of nitrogl}Ccrinc in cardiac crises^ 
other drug had been taken There aa as no histor} of food idios} ncrasies or other allergic scnsitmo^^^^ 
patient, a ph} sician, stated emphaticalla that he had nca cr been seriousla ill or anemic in a long, 

life until the present illness c his p 

The patient aaas discharged at his oaan request on the fift} -ninth hospital da} At this time 
riphcral blood shoaacd 3,160,000 red cells per cu mm , a\ ith 06 per cent rcticuloc} tes, 7 i 
moglobin and 16 X per cent “inclusion bod} cr}throc}tcs His aahite count had fallen to 3100^^ 
mm , aa'ith 44 per cent neutrophils, 8 per cent eosinophils and 48 per cent normal lamp oc} 

platelet count aa as alaa a} s adequate ^ aminopM 

The anginal attacks continued aaith frcqucnc} and scacrit} despite bed rest, digitalis an a 
lin Pallor, aa-eakness and ph}sical debility aacre progrcssiax The red blood cells resenccf 

marked macroc}'tic h} fxochromia, pol}chromatophilia, anisocytosis, pioikiloc} tosis, an t ep 

inclusion bodies Fatal termination occurred one month after discharge from the osp 
mortem examination aa'as refused 

Cytologic Studies of the Peripherai- Blood and Bone Marrow 

The peripheral blood showed extreme, bizarre, poikilocytosis and ppi 

with large individual macrocytes and hypochromia The reticulocytes 
unusual in appearance, as many as 14 8 per cent being found in the pettp ^ q 
prior to liver therapy No antianemic hematopoietic liver, iron, vitamins 
had any significant effect either on erythropoiesis or the 
occurred singly and in large clumps, and, occasional individual t ro 
showed some qualitative changes, which included anisocytosis wi^ 
lations (giant platelets) No pathognomonic alterations in the w 1 
were observed 
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The bone marrow on repeated examinations appeared, grossly and microscopic- 
ally, to be markedly hyperplastic The erythroid elements were chiefly responsible 
for the cellular hyperplasia with a “left shift” to early erythroblasts and megalo- 
blasts There was also the hypochromia of iron deficiency The myeloid elements 
showed a moderate left shift,” with more than the usual number of quali- 
tatively normal myelocytes B but no myeloblasts There was an increase in small, 
normal young megakaryocytes No foreign tumor cell invasion was seen There 
were scattered phagocytic clasmatocytes “Inclusion bodies” were observed rarely 
in the immature erythroid elements in our specimens of bone marrow 
On examination of the patient’s blood with brilliant cresyl blue, there 
were found, in addition to the classic reticulocytes, certain inclusion-containing 
mature red cells With this stain, the inclusions appeared as blue green globules of 
irregular shape, varying in size from barely perceptible dots to spheres almost x 
micra in diameter They occurred sometimes singly, sometimes in great numbers, 
within the cell They were most often concentrated at or near the cell membrane, 
and on occasion were seen in various stages of extrusion from the cell They were 
found to be lysis-stabile and resistant 

The inclusions could be seen in unstained living blood films as refractile yellow 
tinted bodies In dark field examination they appeared highly refractile, globular 
and irregular, similar in general appearance and distribution to the inclusions seen 
in bright field They were observed best in wet-mount preparations with brilliant 
cresyl blue stain, they were less clearly seen in fixed brilliant cresyl blue stained 
smears Janus green with neutral red stain in supravital preparations readily re- 
vealed these bodies ” The inclusions were not apparent in fixed preparations 
stained with Wright or Wright-Giemsa dyes or with the Prussian blue iron tech- 
nic 

The staining properties and morphology of these particular ‘inclusion bodies” 
distinguish them from Howell-Jolly bodies and siderocyte inclusions ^ Howell- 
Jolly bodies are readily stained in Wright and Giemsa fixed preparations and ap- 
pear to be dark reddish blue dots The siderocytes are characteristically identified 
with the Prussian blue reaction, which leaves a heavy deep blue iron precipitate 
within the red blood cell 

Experimental Observations 

Following the discovery of inclusion bodies” in the patient s erythrocytes, it 
was determined that erythrol tetranitrate was the only drug which had been taken 
for many months prior to and coincident with the development of the anemia, and 
to which the patient may have developed an idiosyncrasy 
Since this peculiar anemia persisted and continued to progress even several wxeks 
ifter the presumed toxic agent was discontinued, some permanent irreversible 
damage must have been suffered by the erythropoietic tissues Experimental pro- 
cedures were therefore undertaken in an attempt to further identify the etiologic 
■'gent and establish the mechanism involved in this fatal anemia 

CXPLRIMent I EFFECT OF THE PATIENT S PLASMA UPON NORMAL RED CELLS IN VITRO 

■. Preliminar) m vitro studies were conducted to determine whether there were 
ini toxic substances present in the fresh whole plasma of the patient w hich w ould 
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affect normal human red blood cells Venous blood was obtained from a normal 
subject whose blood-grouping and Rh type were the same as the patient’s These 
normal cells were separated and resuspended in the plasma obtained from the pa- 
tient and kept in a refrigerator at lo C Daily examination with brilliant cresyl 
blue over a five day period failed to reveal the development of any “inclusion 
bodies” in the borrowed red blood cells 

Animal experimentation was then invoked, utilizing two fundamental 
approaches (i) transfer of laked blood and fresh plasma was made by infusionfrom 
the patient into rabbits, (x) both rabbits and cats were subjected to erythrol tetra 
nitrate and allied compounds and the red blood cells studied for ' inclusion bodies " 

EXTERIMENT X EFFECT OF THE PATIENT’s PLASMA AND LAKED RED CELLS UPON THE 

RABBIT 

Since the patient’s red blood cells contained the abnormal ‘inclusion bodies,” 
It was felt that a toxic factor might be found either in the patient s plasma or in his 
red cells 

Inclusion bodies” did not appear in the erythrocytes of the rabbits which r^ 
ceived intravenous injections cither of plasma or of laked red blood cells from the 
patient R i A and R xA each received one lo cc injection of plasma and the blood 
was followed for four days R i and R x received two injections of plasma (5 and 30 
cc and 10 and xo cc , respectively) on consecutive days and died within thirty to 
forty-five minutes after the second dose R 3 and R 4 received three intravenous m 
jections of laked blood (5, 10 and 5 cc , and i cc , 15 cc , and 5 cc respectively) II4 
died immediately following its third injection No significant postmortem changes 
were noted in the spleen, bone marrow or other organs of the three rabbits which 
died 

EXPERIMENT 3 EFFECT OF SODIUM NITRATE AND ERVTHROL TETRANITRATE UPON 

ERVTIIROPOIESIS IN THE RABBIT 

Two rabbits (R i A, R 4A) were then given massive doses of sodium nitrate ev^ 
day subcutaneously Necrosis at the site of injection necessitated substitution 0 
oral route via the stomach tube on the fifth day In R 4A the dose was double 0® 
100 to xoo mg /Kg on the fifth day and death occurred on the seventh In R i 
dose was increased from 500 to 1000 mg /Kg on the fifth day and to xooo mg 
on the tenth Death occurred on the eleventh day 

R 3 and R xA received 50 to 300 mg /Kg doses of erythrol 
via stomach tube daily over a period of more than two weeks R 3 v/as 10 0^^^ 
three days after completion of a sixteen day course of the drug, while R 2. 1 
the fifteenth day 

Daily examination of the blood of these rabbits receiving either so lum 
or erythrol tetranitrate even in massive doses revealed no ‘ ‘inclusion do 
significant postmortem changes were observed in the hematopoietic organs 
three rabbits which died 
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EXPERIMENT 4 EFFECT OF ERYTHROL TETRANITRATE UPON THE MONKEY 

A Macacns rhesus monkey received three i8o mg /Kg doses of erythrol tetrani- 
trate by stomach tube on the second, fourth and tenth days of observation During 
daily observations for twenty-three days, a mild anemia was precipitated, without 
the development of “inclusion bodies,” from which there was prompt recovery 
with cessation of the drug 


EXPERIMENT 5 EFFECT OF SODIUM NITRATE AND ERYTHROL TETRANITRATE UPON THE 

CAT 


More suggestive results were obtamed in experiments with cats “Inclusion 
bodies” appeared withm twenty-four to seventy-two hours in the red blood cells 
of all cats receiving either sodium nitrate or erythrol tetranitrate 
C I received a single subcutaneous injection of looo mg /Kg of sodium nitrate 
and C z injections of 500 mg /Kg on two consecutive days In both, ‘ inclusion 
bodies” up to 9 and 10 per cent appeared within forty-eight hours after the initial 
dose and then gradually declined as the drug was eliminated 
Three cats (C 9, C 3, C i) received oral doses of powdered erythrol tetranitrate, 
which was thoroughly mixed with raw meat C 9 was given a single dose of Z50 
showed at seventy-two hours zi per cent of the circulating erythro- 
cytes with typical ‘ inclusion bodies,” and at mnety-six hours z8 per cent, with a 
fall of z, 000, 000 in red cells during this period During the ensmng fifteen days the 
inclusion body’ ’ erythrocytes gradually declined to zero per cent with a recovery 
in the red cells In C 3, zoo mg /Kg of erythrol tetranitrate was admimstered on the 
fifth, sixth, eleventh and twenty-seventh days of observation, and 300 mg /Kg on 
the fifteenth and seventeenth days A rare red cell contaming ‘ inclusion bodies,” 

I per cent, was observed within twenty-four hours of the original dose A peak of 
15 per cent was attained after the last dose, associated with a drop of 1,000,000 in 
the total circulating red blood cells 

In C I, weighing z 8 Kg , erythrol tetranitrate was administered beginning nine 
days after one dose of 1000 mg /Kg of sodium nitrate The inclusion bodies ’ had 


risen to 10 per cent within forty-eight hours of the sodium nitrate dosage and had 
gradually fallen again to z per cent by the time the first dose of erythrol tetranitrate 
(150 mg /Kg ) was administered The next day, another 150 mg /Kg of erythrol 


tetranitrate was given, followed by doses of 75 mg /Kg on the 3, 4, 5, 6, ii and iz 
days of observation The inclusion bodies” rose to z6 per cent within the first 


seventy-rwo hours of the erythrol tetranitrate administration and varied from ii 
to zS per cent through the thirteenth day The hemoglobin decreased from 13 3 to 
11 2- Gm during the period With discontinuance of rhe drug on the nveJfrh day, 
rhe inclusion bodies” declined to 5 per cent by the sixteenth day 
In the cats receiving sodium nitrate or erythrol tetranitrate, the concentration 
0 inclusion bodies did not vary directly with the dosage of the drug under the 
conditions of the experiment With the cessation of the drug, the number of in- 
c usion bodies ’ was noted to decrease prompth and to disappear entireh e\en- 
tualh A decrease of between one and nvo million in the red cell count vas 
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observed to occur in all cats from the tunc the first nitrate was administered In C 9 
recovery in the red cell coimt was soon evident with cessation of the drug 

EXPERIMENT 6 EFFECT OF MANNITOL HEXANITRATE ON CAT BLOOD 

Less Spectacular results were observed in two cats (C 6, C lo) fed mannitol hexa- 
nitrate, pulverized in meat Despite relatively large doses of the drug (165 to 330 
mg /Kg ) only small percentages of “inclusion bodies” (i to 6 per cent) were ob- 
served m C 10, and the red cell count showed no significant change 
An old cat (C 6), with an occasional “inclusion body” erythrocyte (o 5 per cent) 
even prior to nitrate administration, developed a maximum of ii per cent of these 
after nme successive doses of mannitol hexanitrate (80 to 160 mg /Kg ), the loss in 
circulating red cells totaling 4,000,000, hemoglobin 3 Gm over a thirty-four day 
period of observation The rare occurrence of “inclusion bodies” in the red cells of 
older animals has been reported elsewhere in the literature ^ 


EXPERIMENT J EFFECT OF SULFANILAMIDE UPON CAT RED CELLS 

Sulfanilamide was only questionably effective in the production of “inclusion 
bodies” under the conditions of this experiment 
In C L, which had shown up to 9 per cent “inclusion bodies” with two 500 
doses of sodium nitrate, the highest concentration of “inclusion bodies” 
observed after ten daily 400 mg /Kg (oral) doses of sulfanilamide was 4 per cent 
Results were negative in an old cat, C 7, which showed no significant increase in 
inclusion bodies” over a 5 per cent concentration demonstrable prior to sulfa drug 
administration, nme successive doses of sulfanilamide (800 to 1600 mg /Kg per 
dose) The red cell count and hemoglobin showed no consistent trend during the 
period of observation in either cat 


STAINING PROPERTIES OF THE “INCLUSION BODIES” IN CATS 


The staining properties of the “inclusion bodies” observed m the erythrocytes 
in cats appeared to be similar to those in our patient The “inclusion bodies” were 
seen readily in unstained preparations and in supravital preparations stained with 
brilliant cresyl blue, methylene blue and Janus green with neutral red (fig 7) They 
were also seen, but less readily, in fixed preparations with brilliant cresyl blue 
They were not apparent in preparations stained with Wright, Wright-Giemsa or 
with the Prussian blue reaction 

Certain differences were noted in the cellular reaction in the cats as contrasted with 
the patient In the animal studies only a minor degree of poikilocytosis and aniso- 


Figs 1, z Brilliant crcs)l blue supravital staining of the cnthroc\tcs in patient s blood Inclusion 
odics as seen in bright field under oil immersion 

3 > 4 > 5 Similar preparations of the peripheral blood from the patient as seen under dark field 
'nimcrsion conditions Note highh rcfractile inclusion bodies Figure 4 <;ho\\s a separated inclusion 
o ' indicating the intcgrm of these Heinz inner korpern apart from the en throct tes Figure 5 
1 vnnfics the peripheral location of these bodies at the cell surface 

' h*^' ^ of inclusion bodies from the patient s blood Compare and contrast 

'll similar bodies appearing in the blood of Cat ^ 1 follow ingcn throltctranitratc o'^al medication, 
rlCiLRE7 
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cytosis was noted, whereas in the human blood, these changes were extreme Pc 
haps this reflects the more profound hematologic disintegration in the patient, dt 
to the much longer period of exposure to the drug It was also observed that tl 
“inclusion bodies” in cat blood tended to remain globular while “inclusion btx 
les” in the patient's blood were more bizarre in shape (figs 6-7) In addition d 
“inclusion bodies” observed in the cars under conditions of the experiments 
curred in fewer numbers within each red cell than those observed in the patient 

The “inclusion bodies,” both in the patient and in cats, were noted in varioi 
phases of extrusion from the red blood cell (figs 4,5,7) They were found we 
within the cell, close to the periphery, producing a bulge in the red cell membraiK 
and also lying free outside the red cell “Inclusion bodies” in both human and a 
blood were found to be lysis-resistant 

A specimen of cat blood, demonstrated to contain “inclusion bodies,” was lake 
and selectively centrifuged to obtain a higlil) concentrated specimen of these “bcK 
les ” Spectroscopic examination of this specimen revealed no hematoporphynni 
This evidence, while suggestive, is not conclusive 

Bone marrow examinations were made in cat ^ i after erythrol tetranitrate i 
massive amounts Unlike the bone marrow of the patient, who had received th; 
drug in small doses over a long period of time, the ery throid elements showed a 
maturation arrest and appeared normal except for the occurrence of small puact 
form perinuclear inclusions in a few normoblasts 


Discussion 

Peculiar “inclusion bodies” were observed in the red blood cells of a 71 year ol 
male physician who exhibited a severe anemia, which did not respond to citht 
intensive iron or liver therapy nor to a high protein, high vitamin diet Althoug 
folic acid as such® was not available for treatment, large amounts of vitamm 
complex were given There was no clinical evidence of any specific nutritional c 
ficiency and there was no response to liver The ’inclusion bodies” were noted 1 
the unstained preparation and were stained readily with supravital wet-mout 
technic, using brilliant cresyl blue and other reticulocyte stains They appear a 
blue green irregular globules, occurring singly and in numbers, within the matui 
red cells, and taking a position at the periphery They were also seen m var^ 
stages of extrusion from the red cells and were noted to be hemolysis-resistant 
‘ inclusion bodies” were distingished from Howell-Jolly bodies and from sidcrocyt 
inclusions These various staining and morphologic characteristics were ioun 
conform with those of the “Heinz Inner-Korpern” described in the German 1 c 

1-47 . . , , I 1 —* 

ture as occurring in toxic anemias in man and in animals 
The suspected etiologic agent, erythrol tetranitrate, which the patient a 
for angina pectoris over a period of one year, was administered to cats m mass' 
doses Lysis-resistant ‘ inclusion bodies,” with stainmg characteristics simi 
those found in the patient’s blood, were induced A tendency toward 
versible under the conditions of the experiment, with cessation of the rug, ^ 
observed ‘Inclusion bodies” were noted to a lesser extent with sodium 
mannitol hexanitrate Only minimal concentrations of ‘ inclusion-bo le 


w< 
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" produced with large doses of sulfanilamide We can confirm the report of German 
' investigators* that old animals show these “inclusion bodies” m a small proportion 
of circulating erythrocytes in the absence of any known external toxic agent 
Although crythrol tetranitrate and sodium nitrate were given in large repeated 

- doses to rabbits, “inclusion bodies” were at no time observed In a monkey re- 

- ceivmg erythrol tetranitrate, a mild reversible anemia developed without demon- 
. strable “inclusion bodies 

Cessation of drug admmistration to cats brought about a gradual disappearance 
1 of the “inclusion bodies” from the blood stream Whether a longer course of drug 
admmistration would have produced an irreversible “inclusion body” anemia m 
the cat, such as that observed in our patient, remams unanswered 
The observance of a progressive, refractory, “mclusion body” anemia in an eld- 
, erly patien t, persisting even after four months’ omission of the suspected toxic drug, 
would suggest the precipitation of an irreversible toxic alteration in the erythro- 


cyte maturation process 

Various theories have been proposed to explain the formation, nature and sig- 
nificance of these “mclusion bodies ” Freifeld* suggests a genetic relationship be- 
tween the so-called “Randkorperchen” (corpora marginalia) and these “Inner- 
Korpern” of Heinz and Ehrlich, the result of an enterogenous automtoxicant 
These “mclusion bodies” were originally regarded as "dead toxic protoplasm,”^ ^ 
reflecting methemoglobin or sulph-methemoglobin poisoning ® The more recent 
interpretation of these “Inner- Korpern,” as denatured, cell-membrane proteins^ 
has received support from Jung’s observations^ with the electron microscope, which 
place these “mclusion bodies” definitely in the outer layer of the cell Frank H J 
Figge, Associate Professor of Anatomy, University of Maryland, has studied the 
experimental production of Heinz-body erythrocytes^* “When certain sulfona- 
mides were dissolved m water administered to mice, large numbers of refractilc 
bodies appeared m the erythrocytes These bodies were insoluble in distilled water 


or 3 to 5 per cent acetic acid and made leucocyte counts difficult They were similar 
to erythrocyte mclusions described originally by Heinz Other investigators concur 
m this identification It was found that a o 3 per cent sulfanilamide solution given 
as drinking water induced Heinz bodies m at least 90 per cent of all erythrocytes 
withm four to six days, while sodium sulfathiazole did nor The tendenc) of vari- 
ous sulfonamides to produce Heinz bodies appeared to parallel the tendency to 
induce hemolytic anemia Further studies on the physical and chemical properties 
revealed that these bodies are globules of either denatured hemoglobin orcathemo- 
globin Erythrocytes extrude these bodies as they form so that large numbers of 
Heinz bodies accumulate in the plasma as the erjubrocytes become h)pochromic 
Heinz bodies are most easily observed m unstained, unmounted blood smears and 
disappear when examined m oil, balsam, or other mounting media These globules 
of hem-containmg protein, denatured within the cell b> drugs, ha\e been studied 
in detail because such a reaction is of interest both from the standpoint of cancer 
research and the mode of action of sulfonamide drugs Dr Figge in a recent per- 
"^onal communication’’’ further states I still do not knois the exact mechanism 
" ich is responsible for the production of these bodies Thei can be produced in 
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small numbers by such diverse agents as cobalt, paraminobenzoic acid and acet- 
anilide I suspect that they are probably formed as a result of therapy with numcc- 
ous other compounds but go undetected because blood is usually prepared for 
cx'amination with some mounting medium As you have probably noticed, these 
bodies are much more easily observed in plain dried blood films examined under 
the high dry objeccivc " 

The conception of ‘ Heinz Inner-Korpern” as nuclear fragments has not been 
confirmed, though Figgc states “this protein, which is denatured, resembles in 
some respects a nucleoprotein “ 

Schilling, who noted ‘all transitions” between typical Howell-Jolly bodies and 
the ‘Inner-Korpern" following splenectomy,® rejected this simple explanation” 
The appearance of “inclusion bodies” in the peripheral blood of various normal 
animals following splenectomy^ * “ “ and of humans with splenic hypoplasia, 
subsequently demonstrated,'* bears out the hypothesis of Heinz^ and of Schilling’ 
that the normal spleen filters out the senile and damaged erythrocytes, which may 
contain these ‘ inclusion bodies " This is further corroborated by the observation 
of ' inclusion bodies” (Giemsa stained Tupfer preparation) as partly e\tra-ccllular 
and partly extruding from the red cells in the human spleen ’ It is suggested that 
in the absence of a normally functioning spleen the inclusion-containing red cells 
may appear in the peripheral blood The administration of a specific toxic agent 
further increases their numbers ** 


Should It be considered, then, that minimal “inclusion body” formation may 
occur, in association with subclinical endogenous toxins, in otherwise normal in- 
dividuals, but in numbers so small that they arc ordinarily withdrawn by a physi 
ologically functioning spleen? This concept might explain the more frequent 
observation of small numbers of inclusion-containing erythrocytes m the blood 
stream of senile animals,® animals in whom the catabolic processes predommateand 
splenic efficiency perhaps may have diminished In addition, there may be other 
states, such as dietary deficiencies, inherent specific susceptibilities and certain dis- 
ease processes, which perhaps may predispose to ‘inclusion body” anemia One 
may also inquire as to whether the development of "inclusion bodies ’ may preewe 
red blood cell destruction at some phase in anemic states other than those 
"toxic" etiology It has been shown that in poisoning with nitrates and their 
derivatives the extent of ‘inclusion body" development parallels closely the e 
struction of the red blood cells ■* 

The known ‘ toxic" agents which may result in an "inclusion body anemia 
man and in animals are, in general, methemoglobin producing 

nitrobcnzol,®’ aniline,® ® nitroglycerine,'* dinitroglycol,’’ ethyl nitrate,'*-* s i^^ 

nitrate,*® nitrobenzol and toluol derivatives ® Even in the absence of a o 
“toxic” agent, as in an hemolytic anemia observed in rats following 
"inclusion bodies" have been reported m association with methemoglobm 

Nevertheless, a "cause and effect” relationship between methemoglo 

elusion body’ ’ erythrocytes has been questioned The appearance of me its , 
les” in the peripheral blood does not always follow methemoglobm ormat 
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In one investigation, the “agent,” rather than the methemoglobin per se, was 
found to be the more important factor in the concentration of “inclusion bodies” 
m the blood Thus, the nitrates, which form less methemoglobm than the nitrites, 
have produced many more inclusion bodies ”^- 
Observations ® in eleven patients with acute poisoning from aniline or nitro-de- 
rivatives have revealed that “inclusion bodies” appear only several hours after 
methemoglobm is formed Moreover, several more hours may elapse, as noted in a 
schizophrenic who had swallowed one-half glass of aniline, before these bodies 
become promment and involve a maximum number of the mature circulating red 
cells, even to loo per cent In this patient, massive hemolysis of the red blood 
cells was noted on the fifth day and “inclusion bodies” were seen extruding in 
various stages from hemolyzmg red blood cells Immediately after, there occurred 
a reticulocyte crisis with normoblastosis ® 

Since 1943 there have appeared several reports in the German literature of sul- 
fonamide drug anemia preceded by the appearance of inclusion-containing ery- 
throcytes It has been advised that if more than ao per cent appear, a severe 
hemolytic anemia may be forecast, and the drug should be forthwith discontm- 
ued 


Summary 

I “Inclusion bodies,” distinguishable from the Howell-Jolly bodies, were ob- 
served in the red blood cells of a patient with a severe refractory fatal anemia, who 
had been receivmg erythrol tetranitrate over a period of one year 
2. ' Bodies” with similar stainmg characteristics were reproduced m cats with 
large oral doses of erythrol tetranitrate and other nitrates These were generally 
accompanied by a temporary fall in the red cell count, followed by recovery upon 
withdrawal of the drug 


REFERENCES 

'R Heinz Morphyolgischc Verandcrungen dcr rothen Blutkorpcrchcn durch Giftc VirchowsArch f 
path Anat 122 iiz-116, 1850, 

Uber Blucdcgcncration und Regeneration Bcitr z path Anat u z allg Path zp 199-^04, 1901 
^ R Eiirlicji liber schi\ ere anannsche Zustande Vcrhandl d Kongr f inn Med ii 44-52., 1891 
^ O Lindenthal Eigenthumlicher Blutbefund bci einem Fall ton protrahirrer Nirro- 

^ bcnzohergiftung Ztschr f klin Med ,0 4x7-446, 1896 

Zadek and K Burg Inncnkorpcranamien Folia Haemat 41 333.1930 
^\ luiELMi Studicn uber Methamoglobinbildung Arch E\p Path u Pharm 200 4x4,1941 
H Grunederg Siderocjtes Nca% kind of cn throca tes Nature rpf 114,1941 

1 Donucii, H Gruneoerg AND J E G Pearson Occurrence of sideroca tes in adult human blood 
1 Path iXDact 77 -3.1943 

\ M ParpENiiEiMER, W P Thompson, D Parrer and K E Smiiu Unidentified inclusions uithin 
the cr\ throes tes in certain cases of febrile anemia Proc Soc E\per Biol A Med 145,1944 
••ARLES \ Doan Folic acid (santhetic L casei factor), an essential panhcmatopoietic stimulus 
P ^ ^ -57-^74. 1946 

, H ^'Scncrationscrschcinungcn an En throzv ten Naturuissensch jc 47., i9.,x 

pREirrLD, \ ScniLoaa \ and R Ludwtnovssks Die Hcinzschcn Korperchen und die Methamo 
plobinbildung bci Vcrgiftungcn mit Amido- und Nitrobenzohcrbindungcn Folia Haemat 



360 IRREVERSIBLE TOXIC ‘‘INCLUSION BODY” ANEMIA 

® V Schilling Dcr Saugcncrcr} throzyt ils \oJlstandigc ZcIJc und scjnc Bczichung zum Blutplattclicn 
Munchcn mcd Wchnschr /<? <^43-^49, 1911, 

Arbciten ub:r die Erythrozyten Folia Hacmat 14 95-149, ipiz, 

Erwcitcrtc h-im-ttologischc Vcnicrtung dcs dick.cn Bluttropfcns” fur Kcrnkugcln, InneokorpK', 
Endothchenu a Deutsche mcd Wchnschr .^7 815-816,1911, 

Uber den Bm dcr Erj'throC) ten, Bemerkungen 20 dcr Arbeit ton Gutstcin und Wallbach Virchows 
Arch f path Anat 26; 536-540, 1917, 

Ubcrcincn als hcrzfehlcr crscheincndcn Fall ton ‘Inncnkorpcranamic," aufgcdcckt als chronischc 
Antifcbnnvcrgiftung und ColTcinsucht Ztschr f klin Med zoS 709-736,1918 
M KiescindL Scipclt Bildung und Ehmimtion ton Vcrdoglobincm Arch f exper Path u Phirm 
2DD 648, 1943 

V ScHiLUNG Pathologic dcr Er} throc} ren, Inncnkorpcr bci Vcrgiftungcn Vcrhandl d dcutsch 
Gcscllsch f inn Med vi 104-107, 1933 

B PouNA Studicn ubcrMcthamoglobinbildung Arch c\p Pith u Pharm 200 305,1941 

*’M voNBuEDOtt AND F JuNG Studicn ubct Mcthimoglobinbilding, XXV Mittcilung Vcrgleich 
Giftigkcitcinigcr aromitischcrNitrotcrbindungcn Arch f c\p Pith u Pharm zoo 335,1941 
N G Markoff Uber Vcrindcrungcn dcs Blutcs im Vcrliuf dcr Thcrapic mit Sulfanilaniid und scikh 
Dcritaten Schttciz mcd Wchnschr 79 656, 1943 
W Heubner Hcinzkorperchcn und BlutfarbstofT Khn Wchnschr zi 510, 1941 
S Mocschlin Inncnkorper-inamicn dutch Entstchung ton Mcthamoglobin infolgc Dagcnan wirkuag 
(Sulfap)ridin) Schweiz mcd Wchnschr 7c 7S6, 1940 

^'S Moeschun AND H Hurschler Vcrgicichcndc untcrsuchungcn uber die txrschicdcnc toxizitatadcj 

Dagenans (Sulfap)ndm) und dcs Cibi 5714 (SuUithiaiol) luf ^^s rote Dlutbild (Inncnkotper 
anamicn dutch Mcthimoglobinbildung) Schttciz mcd Wchnschr 70 S7^> 1540 
F H J Figge Studies on the nature ind significmce of Hcinz-bod} larmscion w cr} ibrocftes Aiuc 
Rcc 94 461, 1946 

^®F H J Figoe Personal communicition, March 7, 1947 
M H Fertman and Charles A Doan Irrctcrsibic, to\ic ' inclusion bodt 1 j P'O. Central 
Soc Clin Res r^ 66, 1945 



BLOOD RESPONSE AND NITROGEN BALANCE FOLLOWING 

LIVER EXTRACT 


By Randolph West, M D 

O NE PATIENT with addisonian pernicious anemia, and one with sprue with 
normal gastric acidity and without diarrhea, were studied (Unit history 
number 44x154 and 486381 respectively) 

The patients were in the metabolism ward on weighed diets Urinalyses were 
done on 14 hour specimens, stool samples were pooled for several days and aver- 
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Li\cr extract 130 units parcnccrallj, day 2. 
t Li'cr extract 45 units parcnttralh exer) txxo da) s from daj 5 


•igcd Plasma volume and red cell volume were done by T-1S24 and venous hema- 
wcrit, serum proteins by the Howe method The mam results are given in table i 
In the sprue patient the hematologic response took place while the patient \xas 
in negative nitrogen balance, in the pernicious anemia case positive N balance and 
blood response coincided 

The plasma N did not increase significantly, the rise in hemoglobin N represents 
1 transfer from bone marrow to peripheral circulation 
h IS of interest that in both cases positive balance as established and crcatinuria 

from the D partment of Medicine College of Ph\ “.icianx and Surpeoa^, Columbia Lai\e>-siti a-d 
rc>.b\tcrian Hospital in the Cit\ if Nc\x ^ork 
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lessened In the pernicious anemia patient this occurred without change in N or 
caloric intake, in the sprue case appetite made increased diet essential to satisfy the 
patient 

MosenthaP in 1918 showed that the forced feeding of a diet rich in meats re 
stored nitrogen balance in pernicious anemia 
The present studies were undertaken to determine whether the positive nitrogen 
balance appeared before the hematologic response following liver therapy If this 
had occurred it might indicate that an important site of action of liver extract was 
on the gut wall This, however, was not the case, and liver extract presumably 
acts directly on the immature red cells in the marroiv cavity 

REFERENCE 

' Mosenthal, H O The effect of forced feeding on the nitrogen equilibrium and the blood in ptrmcions 
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THE PATHOGENESIS OF ANEMIA IN ACUTE GLOMERULONEPHRITIS 
ESTIMATIONS OF BLOOD PRODUCTION AND BLOOD DESTRUCTION 
IN A CASE RECEIVING MASSIVE TRANSFUSIONS* 

By Charles P Emerson, M D 

ANEMIA IS one of the familiar manifestations of Bright’s disease and a frequent 
JTS- complication of uremia, irrespective of the etiologic factors responsible for 
renal failure A peculiarly intimate association exists between anemia and glo- 
merulonephritis, in relation to which this hematologic sign is of diagnostic and prog- 
nostic importance ® Conclusions regarding its pathogenesis are based on the expe- 
rience of numerous investigators, who have emphasized the consistent lack of 
signs indicating excessive blood loss or blood destruction, and have succeeded in 
correlating the occurrence and severity of this anemia with the degree and duration 
of associated azotemia 2 4 6 - Hence, the anemia associated with nitrogen reten- 
tion is generally regarded as an example of erythropoietic failure Furthermore, its 
refractoriness to erythropoietic stimulation with iron or liver therapy has been 
interpreted as evidence that blood production in patients with renal decompen- 
sation IS retarded in consequence of ‘toxic inhibition of the bone marrow” by 
retamed nitrogenous metabolic products 

This hypothesis, although possibly correct, as a premise mamly deduced through 
analogy, by inference and by exclusion bears particular scrutiny, little or no evi- 
dence of a positive and unequivocal sort having been marshalled in its support The 
toxic metabolite presumed to be implicated has thus far escaped identification, and 
of all of the numerous chemical agents recognized as bone marrow depressants there 
IS none known to exert comparable effects on the bone marrow or peripheral blood 
Fmally, It may be objected that the hematologic data cited from case reports in 
support of this concept, including descriptions of reticulocytosis and alterations of 
bone marrow histology,® in some instances suggest an enhancement, rather 
than a depression, of erythropoietic activity in patients with nephritis and anemia 
Transfusion studies, designed to permit an estimation of the survival of injected 
donor red cells, have contributed valuable information relative to the pathogenesis 
of various types of anemia, particularly those associated with certain hemolytic 
syndromes 1® 1® This technic of investigation, employing serial measurements of 
the circulating blood volume in addition to selective agglutination counts, was ap- 
plied in the study of a patient with an initial attack of early acute glomerulonephri- 
tis, who, presenting signs of moderate azotemia and progressive anemia, was ad- 
judged particularly suitable as a subject for detailed hematologic investigation 
Data Were accordingly obtained which served as a basis for the relative evaluation 
of blood production, blood loss and blood destruction as factors possibly implicated 
m the development of his anemia Appreciating the limited significance of the re- 
sults obtained, which, pending con&mation from comparable investigations can 

*Thc data utilized m this case report were obtained ts hilc on acti\ e duty ith the Fifth (US) General 
spital in the European Theater of Operations 
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hardly be evaluated in relation to other patients with Bright’s disease, the observa- 
tions are nevertheless considered of sufficient interest to warrant description m the 
form of an individual case report 


Case History and Initial Observations* 

A x7-)car'old, white, Amcricnn enlisted soldier was admitted to the hospital complaining of pro- 
gressive swelling of the legs Two months before entr) he had contracted an acute pharj-ngitis wkd 
complete!)- subsided in the course of scscral dajs Thereafter he experienced persistent wcalncss and 
unusual fatigabilu) Two weeks before admission he became aware of painless swelling of his lovro 
extremities, ashich increased, and, together with s}mptonis of general malaise, headaches and anorem, 
occasioned his cnir) to the hospital 

The ph)Sical findings on admission were those of a as ell-dc\ eloped male a\ith pallid complcnot 
and obvious pitting edema of the lower extremities His bod) temperature is as normal, arterial pressnn 
190/130 mm Hg, height 168 cm , weight 73 4 Kg (13 Kg in excess of his aicragc weight prior to tit 
present illness) 

Initial laboratory tlaia Urinal) sis Specific gras its i 015, albumin 4-f, sediment Cuocenmfu|cd) 
containing 15-ior b c , x-4 ss be and numerous casts, granular and cellular per high posserfidd Blood 
hemoglobin concentration, 13 t Gm per cent, red cell count, 3 9S million per cu mm , hcmatooii 
reading, 36 7, Icukocs tes, 8,100 per cu min , ssith normal differential count, platelets, 194,000 per ca 
mm Erythroc)te osmotic fragilits normal, sedimentation rate (Westergren) 17 mm in one hour Blood 
urea nitrogen concentration, 15 mg per cent, total scrum protein concentration, 4 4 Gm per cent Bleed 
tag time (Duke) minutes, clotting time (Lcc-Whitc) 8J minutes Stool examinations sscrcncgauvf 
for occult blood The initial throat culture contained beta licmols tic streptococci, this organism failioj 
to be demonstrated on rc-c\aminacion after eight da)s 


Methods or Study 

The patient xvas observed for a period of fifty days during which he was essen- 
tially at complete bed rest, maintained on a dietary regime restricted solely witb 
respect to its sodium content Penicillin, izo.ooo units daily, was administered m 
tramuscularly from the fourth to the thirteenth day Otherwise, apart from 
fusions and albumin injections subsequently to be specified, no therapeutic agents, 
hemopoietic, diuretic or antibacterial, were employed 
Daily observations included measurements of the arterial pressure, body wetg . 
fluid intake and urine volume Urinalyses were performed daily, w^hich me u e : 
after the eighth day, a quantitative (Esbach) estimation of the total urine alburn^ 
excretion Blood hemoglobin concentrations and icterus indices were determ 
with Klett photoelectric technics Blood urea nitrogen was measured coionme^^ 
cally after urease digestion and nesslcrization, and total protein concentratto 
the procedure of Phillips and Van Slyke ’’ Plasma volume determinations, emp 0^^ 
mg T-i8z 4 dye, were performed by a modification^® of the method of 
Evans Calculations of the circulating red cell volume and total bloo yo 
were based on the plasma volume and hematocrit values, these 
volvmg a correction factor of —15 per cent applied to the calculated red 
ume to compensate for the relatively constant disparity between the large 
hematocrit and the total body hematocrit 

Group-O donor blood, freshly drawn into acidified glucose-citrate anticoagu 

*IdcntifyJDg initials of the patient have been deleted here and in the table and figures 
of the Technical Information Office of the Surgeon General s Office 
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solution, was employed in the first course of transfusions, in preparation for the 
second series red cells from freshly obtained group-O blood were washed once and 
resuspended m o 85 per cent saline solution At intervals following transfusions the 
concentration of donor cells was determmed, from these data it was possible to 
calculate the total volume of circulating donor cells and group-A recipient’s cells 
Selective agglutmation counts were performed by modifications of the Ashby 
technic, utilizmg dried anti-A grouping serum, a procedure that has been success- 
fully applied m other investigations^^* and has recently been evaluated by 
Young 
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Fio I Hematologic, blood chemical, and clinical data on a case of acute glomerulonephritis re- 
ceiving infusions of whole blood, red cells and albumin 


Course 

The hematologic findmgs and metabolic data obtamed in this case are charted in 
figure I which depicts the observed fluctuations in the hemoglobin concentration, 
red cell count, blood urea nitrogen, total serum protein concentration, fluid bal- 
^ce, total albumin excretion, body weight and systolic arterial pressure 
It was evident on the fifteenth day that the patient’s anemia, which was of a 
Dormocytic, normochromic type, was progressing m severity, the hemoglobin con- 
centration havmg decreased from 13 i to ii x Gm per cent and the hematocrit 
readmg from 36 7 to 30 8 since admission to the hospital Blood volume measure- 
nients (table i and figirre z) mdicated a total circulating red cell volume of 1080 cc 
Representing a calculated deficit of approximately 900 cc or 45 per cent, relative to 
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the expected volume for an average normal male of his stature The total blood 
volume was likewise deficient (approximately to per cent), this decrease being en- 

Table I ■ — Blood Studies in the Course of Transfusion Therapy 
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Fig 2 . The influence of blood transfusions on ancniia assoaated ith acute glomcrnioncplv 

tirely accounted for on the basis of the decrease in red cell volume, the 
ume bemg within normal limits Blood loss via the gastrointcstioa an 
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tracts had been insignificant, hematuria continuing to be of microscopic degree, and 
only an occasional stool containing a trace of occult blood during the entire period 
of observation 

First transjiision series On the fifteenth, and again on the sixteenth hospital day 
the patient received group-O whole blood totalling 470 cc of red cells and 650 cc of 
plasma A mild febrile reaction followed on each occasion and, at the conclusion of 
the second injection, he experienced transient severe lumbar aching pain The spleen 
promptly became enlarged and remained palpable for two weeks Hemoglobinemia 
and hemoglobinuria did not occur, but there developed for the first time a mild 
transient icterus, a relative decrease in urine output and an increase in albumin ex- 
cretion 

Blood volume studies and selective agglutination counts performed on the day 
following the second transfusion demonstrated that, whereas the injected red cells 
had survived tn toto, a destruction of the patient’s group-A cells had occurred, this 
loss approximately equalling the volume of transfused erythrocytes (table i and 
fig x) Thereafter, during the nine day interval between the first and second series 
of transfusions, the red cell volume continued to diminish, the patient’s cells de- 
creasmg by too cc (15 per cent) and the donor cells by ixo cc (xy per cent) This 
progression of anemia developed despite the onset of a persistent reticulocytosis 
which occurred abruptly followmg transfusion (fig x) 

Second transfusion series Between the twenty-fifth and twenty-ninth hospital days 
the patient was transfused with saline-washed group-O cells derived from xooo cc 
of whole blood, all plasma having been removed The total red cell volume was 
thereby increased to 1610 cc , or approximately 80 per cent of the expected normal 
value There was a recurrence of mild transient icterus which, on the basis of selec- 
tive agglutmation counts, was apparently due to the prompt destruction of those 
donor cells mjected in the final transfusion No destruction of patient’s cells re- 
sulted and those donor cells remaming at the conclusion of this series of transfu- 
sions survived thereafter in normal fashion, less than 10 per cent being eliminated 
in the course of the ensuing two weeks A progressive increase in the patient s circu- 
lating red cells was demonstrable after the twenty-fifth day, their total volume be- 
ing X50 cc , or 45 per cent, greater on the forty-third day Although no subjective 
symptoms were associated with the cell transfusions a definite increase in proteinu- 
ria was noted immediately thereafter, a phenomenon which had likewise followed 
the earlier transfusions of whole blood, and the subsequent administration of 
crystalline human albumin 


Discussion 

This report concerns a patient hospitalized early in an initial attack of acute 
glomerulonephritis with manifestations of arterial hypertension, hematuria, al- 
uminuria and nitrogen retention, who was under continuous observation for fifty 
During the first observation period, when renal decompensation was maxi- 
^3], although by no means marked, there developed a moderately severe normo- 
C} tic normochromic anemia of a type commonly associated with nephritis Two 
"eeks following the appearance of dependent edema, the first clinical evidence of 
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his renal disease, the venous hematocrit reading was 36 7, a reduction of approxi 
mately zo per cent, two weeks later the hematocrit was 30 8, approxunately 3opef 
cent below normal, but the calculated deficit in total circulating red cell volume at 
this time was 45 per cent Measurements of the plasma volume indicated that there 
had occurred no compensatory increase in the latter, and that the true seventy of 
the anemia, judged solely on the basis of the red cell and hemoglobin concentra 
tions, had been obscured as a result of a reduction in the total blood volume Alter 
ations of a similar character in patients with acute nephritis have been reported!))’ 
Harris and Gibson 


Rapid red cell depletion of the degree cvhibitcd by this patient is difficult to ex 
plain solely on the basis of erythropoietic depression due to toxic inhibition of the 
bone marrow, to a metabolic defect, or to a nutritional deficiency Even assummg 
a complete cessation of blood production the decline in the red cell volume occurred 
at approximately twice the expected rate*’’ of o 8 to i o per cent per day, unless this 
bone marrow aplasia is considered to have occurred at the time of the antecedent 
pharyngitis The latter possibility can hardl) be discarded, but such an hj'pothcsis 
presumes that the initial observations of hematocrit and hemoglobin concentrauon 
were misleading, the plasma volume at that time being considerably lower than 
when first determined txvo weeks later, a supposition for which there is no basis 
Complete bone marrow inactivity is in any case an improbable explanation for the 


observed anemia, on the grounds that the reticulocytes, although not numerous 
(i X per cent) before transfusion therapy, were nevertheless present It is of interest 
that the presence of reticulocytes in the peripheral blood has consistently beende 
scribed in case reports published in relation to this problem, whatever interpreta 
tions may have been adduced from the hematologic data obtained 
Significant blood loss having been adequately excluded during the entire pen 
of observation, it is inferred that excessive and uncompensated blood destructiM 
must have been responsible for the rapid development of anemia in this case 
servations following the first series of transfusions tended to confirm this evaluation 
of the mechanisms involved The patient, blood group-A, received 1000 cc 0 
grouj>0 whole blood in the course of twenty-four hours, a procedure which pre- 
cipitated a mild hemolytic crisis, with prompt destruction of 430 cc of his own 
cells Inasmuch as the donor erythrocytes quantitatively replaced the destroy ^ 
cipient cells there occurred no significant change in the severity of the anemia 
important contributing factor in this response was unquestionably the 
incompatible isoagglutinins in the injected donor blood, the hemolytic ^ ^ 
which has been previously described Unfortunately the titer of anti-A 
tinins in the injected material was not determined It may be stated, however, 
no instance has been observed-^ in which a comparable degree of hemo ys 
produced by the first transfusion of plasma or whole blood containing mcompa 
isoagglutinins in very high titer, hence this patient must have been unusu 
ceptible to the hemolytic effect of the “universal donor” blood he 
greater significance are the observations pertaining to the subsequent 
normal donor erythrocytes which were eliminated at an average rate ° ^ 
per day, or more than three times the expected rate Depletion of the pa 
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cell population also continued to be excessive (i 6 per cent per day) but their net 
loss occurred less rapidly, which may be explamed on the basis of a sudden increase 
m blood production evidenced by a concomitant reticulocytosis (fig x) 

This sudden and imexpected increase in reticulocytes, indicating enhanced eryth- 
ropoietic activity immediately following transfusion, deserves particular mention 
Immediately preceding this therapy the reticulocyte count was i x per cent, imme- 
diately thereafter the percentage had increased to 13 8 The precise explanation for 
this phenomenon is not evident, but it is of interest that the peak reticulocytosis 
occurred prior to a further substantial reduction in the venous hematocrit or hemo- 
globm concentration, hence, the stimulus for increased bone marrow activity was 
was not primarily an increase in bone marrow hypoxia Moreover, masmuch as it 
occurred at a time when the elevation of blood urea nitrogen was almost maximal, 
one is tempted to reject the hypothesis that the previous inadequacy of blood pro- 
duction was due to toxic inhibition of the bone marrow as a result of nitrogen re- 
tention or to other unexcreted metabolites It is possible that the resumption of 
normal erythropoietic activity displayed at this time was related to the increased 
hemolysis provoked by the administration of incompatible isoagglutinins, that it 
occurred, not as a result of increased anemia, donor erythrocytes having been sub- 
stituted almost quantitatively for the patient’s hemolyzed red cells, but due to the 
stimulus of some hemopoietically effective material derived from the latter Or the 
donor blood may have been the source of an erythropoietic agent, of which there 
had been a previous deficiency Whatever the true explanation, blood formation 
proceeded thenceforth at an mcreased rate, although temporarily outpaced by 
blood destruction 

As a result of the second series of transfusions, mvolving the administration of 
plasma-free red cell suspensions, the patient’s anemia was practically relieved In 
the course of four days the hemoglobin concentration was increased from 9 3 to 15 3 
Gm per cent, and the hematocrit reading from xy i to 43 7, the total red cell vol- 
ume was almost doubled A significant proportion of the injected cells were hemo- 
lyzed m the process of their preparation, or were eliminated very promptly follow- 
ing the mjection Nevertheless the subsequent fate of this donor blood, which 
survived normally, together with data mdicatmg a progressive increase in the pa- 
tient s red cell population, suggest that abnormal blood destruction had ceased, 
and that blood formation was occurring at a normal rate The factors responsible 
for this reversion to a normal hematologic status can not be positively identified on 
the basis of the available evidence It is of interest, however, in view of the well 
known correlation between the anemia of renal disease and the degree of nitrogen 
retention, that during the first twenty hospital days when signs of increased blood 
destruction and impaired erythrogenesis were most promment, the blood urea nitro- 
gen concentration ranged from X5 to 34 mg per cent (average 30 mg per cent), 
whereas during the subsequent thirty days when erythropoiesis and hemolysis were 
normal the blood urea nitrogen did not exceed xo mg per cent (average value 17 5 
^g per cent ) No relationship was observed between the hematologic status and 

'^fie grade of hematuria and proteinuria, or fluctuations in the total circulating 
protein 
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A final comment is warranted regarding the influence of transfusion therapy oa 
other manifestations of nephritis in this case No evidence can be adduced that 
the course of the arterial hypertension, which was one of gradual improvement, 
was m any way a/Tccfcd by these maneuvers Hematuria and albuminuria persisted 
without remission throughout the period of study The transient elevations of total 
urinary albumin excretion following each senes of transfusions, whether involvmg 
the injection of whole blood, washed red cells or purified albumin, presumably 
reflect an increased renal blood flow and glomerular filtration attending this tber 
apy Similar increases in proteinuria following the administration of albumin in 
cases of nephritis have been described by Thorn et al The progressive improve 
ment in renal function as measured by changes in bod) weight, indicating inacas 
ingly effective water and sodium clearance, is readily attributable to the natural 
course of this patient’s disease, rather than to variations in the degree of anemia 
Thus, there was less water retention on the twent) -fifth hospital day, when his 
body weight was 69 kilograms, his blood volume 3650 cc and hematocrit 17 1, 
than on the fourteenth da)' when his body weight was 73 kilograms, blood volume 
3960 cc and hematocrit 30 S Similar conclusions obtain vMth respect to the ob- 
served reduction, between the eighteenth and twenty-first days, in the blood urea 
nitrogen concentration, these data being obtained in a patient whose renal decora 
pensation was never severe, and whose clinical course was entirely consistent with 
one of progressive spontaneous improvement 


Summary and Conclusions 

I A 17 year old patient with an initial episode of acute glomerulonephritis was 
observed over a fifty day period, studies being directed primarily in an attempt to 
define the mechanisms responsible for a rapidly developing anemia Hematologic 
data, including serial blood volume measurements and selective agglutination 
counts were obtained before and after the introduction of massive transfusion 
therapy ^ 

X The administration of group -0 whole blood containing incompatible aon^^ 
isoagglutinins in the first series of transfusions failed to improve the anemm^^^ 
initiated a sustained reticulocyte response Following this therapy there was 
dence of increased blood destruction involving both the recipient s and the nor 
donor erythrocytes 

3 Data obtained following a second senes of transfusions employing plas 

group-O red cells, administered during a recovery phase when renal 
improved, indicated that blood destruction had largely abated and that 
poietic activity was normal 1 

4 Two factors of undetermined origin are believed to have been imp 

the pathogenesis of anemia in this case one, the occurrence of abnorma y 
blood destruction, and the other, impairment of blood formation Both pc ^ 

were associated with the presence of nitrogen retention, despite which, ow > ^ 
prompt erythropoietic response followed the transfusion of whole bloo 
titative replacement of patient’s red cells with donor erythrocytes, sugges 
previous bone marrow inactivity was not attributable to “toxic suppression 
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STUDIES ON THE DESTRUCTION OF RED BLOOD CELLS * IV 


Thermal Injury Action or Heat in Causing Increased Spheroidicity, Osmotic 
AND Mechanical Fragilities and Hemolysis of Erythrocytes, Observations 
ON THE Mechanisms of Destruction of Such Erythrocytes in Dogs and in a 
Patient with a Fatal Thermal Burn 

By Thomas Hale Ham, M D , Shu Chu Shen, M D , Eleanor M Fleming, A B , 

AND W B Castle, M D 

I N A PREVIOUS comiHunication^ observations were reported on the changes in 
blood and urine and on the kidney complications occurring in 14 patients with 
moderate or severe thermal burns, ii of whom showed hemoglobinuria The sphero- 
cytosis and increased osmotic fragility of the red blood cells, observed in certain of 
these cases, were considered to result directly from the heating of the circulating 
blood This paper reports detailed observations on the effect of heat on human 
erythrocytes and on the mechanism of destruction of heated dog red blood cells fol- 
lowing their injection into the same animal Finally, the characteristics of the red 
blood cells are reported in an additional case of a fatal thermal burn 
Previous investigations have established certain fundamental facts concerning 
the effect of heatmg red blood cells in the test tube and in the animal as a result of 
thermal bums There is agreement^”'^ with the original observation of Schultze® 
that the heatmg of blood in vitro from human subjects, dogs, cats, and rabbits to 
temperatures of from approximately 5 l to 65 C produces division and fragmenta- 
tion of erythrocytes with the formation of spheroid forms of various sizes In anes- 
thetized animals, subcutaneous temperatures of from 51 to 65 C have been main- 
tained for several minutes by scalding,® by ignitmg turpentme on the skin,^® or by 
use of a hot iron Furthermore, it has been demonstrated,^® especially by 
von Lesser,® that fragmented erythrocytes occurred in the blood stream in burned 
animals, in normal animals transfused with blood from a burned animal, and in 
normal animals transfused with blood heated in vitro The abnormal erythrocytes 
disappeared rapidly® from the animal’s circulation with the development of hemo- 
globmemia and hemoglobinuria No hemolysms or agglutmms have been demon- 
strated in the plasma or serum of burned animals® or of burned patients ^ An in- 
crease in the osmotic fragility of the red blood cells was noted in burned animals 
by Silberman® and m human blood heated in vitro by Isaacs, Brock, and Minot ^ 
The latter investigators demonstrated that immature erythrocytes of both normal 
and pathologic human blood divided less readily than mature erythrocytes, when 
heated to 55 C More recently hemoglobinemia, hemoglobinuria, fragmentation of 
erythrocytes, and increase in the osmotic fragility of red cells have been reported in 
a senes of cases of human thermal burns by Brown” and in animals subjected to 

From the Thorndike Memorial Laborator) and the Second and Fourth Medical Scr\ ices (Harvard), 
oston Cit\ Hospital, and the Department of Medicine, Hars ard Medical School 
Read at a meeting of the Thorndike Memorial Laborator) Staff, April xi, 1943 
's investigation was aided in part b) a grant from the John and Man R Markle Foundation 
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thermal injury by Moritz, Hcnriqucs, and Dutra'® and by McLean, Moritz, ami 
Roos Hemoglobinemia and increased blood destruction have been obser\'edasin 
early manifestation of severe burns in human subjects b} Moore, Peacock, BlaLdj, 
and Cope'® and in burned animals by Olson and Ncchclcs 

Methods 

The methods cmplojcd in this intestigition hi\e been described in presious commumauoos c 
follows detcrminition of osmotic fragilitt of red blood cells', determination of mechanical frajilitj 
of red blood cells'’®, estimation of the number of spheroC}tcs ' in a stained smear', dctcrmmauota 
hematocrit®', quantititue estimation of hemoglobin in plasma and urine “■®', measurement of pH a 
blood and urine b) glass electrode method, measurement of methcmoglobin and sulphemoglobin'' 


Eetect of Hlat on Eritheocites 


Changes m the shape, osmotic fragility, and \olume of red cells were measured 
m 131 observations in dcfibrinated blood from 11 normal persons and from dogs 
The blood was exposed to temperatures of from X5 to 70 C maintained for penods 
of from two minutes to one hour All blood samples were heated, usually in 5 or t 
cc amounts, in soft glass test tubes of 13 mm diameter by L50 mm length For 
larger volumes, pyrex Erlenmcyer flasks were employed Each blood sample was 
first placed in a water bath at 37 C until this temperature was attamed Thentiic 
sample was immersed in a bath containing 30 liters of -svater which was agitated hj 
a mechanical stirrer, and maintained at constant temperature with an accuracy ol 
±0 05 C A precision thermometer was introduced directly into the blood sampk 
as It was heated and the temperature recorded every fifteen seconds, usually during 
gentle mixing with the thermometer The blood sample was heated from 37 C to a 
particular temperature in approximately zd minutes, and maintamcd for a 
time within ±0 05 C at the required temperature The sample was then removec 
from the bath and promptly cooled to 37 C in a water bath The rates of heating anc 
cooling were approximately equal For the so-called “rapid heating thcivat® 
bath tempierature was set o 7 C above the final temperature desired for the b 
sample It required from one to two minutes in each observation to reach t e 
sired temperature, at which time the blood was immediately removed and coo a 
described above Unheated and heated samples were compared with respect 
hemolysis, osmotic fragility and shape of the red blood cells, hematocrit, p 


mcthemoglobm, sulphemoglobin, and nonprotein nitrogen , 

The changes produced in the red blood cells appeared in the following or^^ 
morphologic changes, apparent increase in volume, increase in osmotic 
chanical fragilities, and finally hemolysis in the scrum or plasma Tempera 
to 46 C for a period of one hour caused no demonstrable changes in the 
cytes At temperatures from 47 to 50 C changes in the red blood cc s oc^ 
dependmg on the tempierature and duration of heating At temperatures ^ ^ 
51 to 65 C , changes always occurred even when the sample was su j 
“rapid heating ” Changes occurred in dog red cells similar to those 0 ® ^ 

human red cells The various effects produced by heat are described separa c 
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A CHANGES IN MORPHOLOGY OP ERYTHROCYTES PRODUCED BY HEAT 

The morphology of the red blood cells was studied in wet preparations made by 
diluting defibnnated blood with serum, physiologic saline, or Gower’s solution 
and introducing one drop into a standard blood counting chamber or onto a glass 
slide, covering it with a glass coverslip and sealing with vaseline In fixed prepara- 
tions stained with Wright’s stain, the red cells were examined for changes in size 
. and shape, including the presence of "spherocytes” and “target” forms The diam- 
eter of the red blood cells before and after heatmg was measured in stained prepara- 
tions by the Price-Jones-® method Because of the bizarre forms produced by heat- 
ing, these measurements serve only as an approximation 


Table i — Effect on Morphology and Osmotic Fragility of Ked Blood Cells Resulting from Heating 
Normal Human Defibnnated Blood at 48 6 C for Increasing Periods of Time (^see Figure j) 


Duration of 
heating at 
48 6 C 


Unheaccd 
control 
Rapid 
heating 
7. Minutes 
5 Minutes 
10 Minutes 
30 Minutes 
60 Minutes 





Osmotic fragility of red blood 
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Quantitative measurement was not possible 
t Rough approximauon 


At temperatures of from 48 6 to 49 6 C , it was possible to observe the slow pro- 
gression of the morphologic changes in the erythrocytes A typical experiment 
conducted with heatmg of defibrmated blood at a constant temperature of 48 6 C 
5, 10, 30, and 60 minutes, respectively, is illustrated in table i and figure i 
he first discernible change produced by heat was the appearance of small bud-like 
protrusions on an occasional erythrocyte In the next recognizable change, many of 
rhe er)uhrocytes showed single or multiple buds usually connected by a broad base 
a filament When completely disconnected, the new elements formed small 
rounded or elongated structures contammg various amounts of hemoglobin At 
IS stage, as illustrated in figure iB and table i (x and 5 minutes), there was no 
ange in osmotic fragility of the red blood cells but apparent increases in hematocrit 
3 2 - to 5 9 per cent, respectively It is possible that the increase in hematocrit 
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in this and subsequent experiments did not represent a true swelling of the erj'thro- 
cytes, but rather an inability to pack the malformed erythrocytes by centrifugation 
at 3000 r p m This apparent increase in hematocrit occurred simultaneously with 
morphologic alteration of the erythrocytes, increased slightly with their progres 



Fig I Effect of Heat on MoRPnoLOO\ of Red Blood Cells 
A, upper left, unhcitcd hutmn dcfibrimtcd blood Other simples heited at i terapenture of 4 ^ 
C , B, upper right, for 5 minutes, C, lower left, for 10 minutes, D, lower right, for 30 minutes StJW 
blood films X 1000 (See table i) 


sive alteration, and thereafter did not vary in parallel with the increase m osmotic 
fragility This phenomenon was not investigated further 

The first increase in osmotic fragility occurred after still further fragmentation^^ 
erythrocytes and coincidentally with the appearance of significant num e 
densely staining red cells of various sizes which appeared spheroid in 
preparations and densely stained in fixed smears, as may be seen in figute i 
table I (10 minutes) Continued fragmentation, as illustrated in figure 
in the conversion of the majority of erythrocytes to spheroid cells, occ 
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“ghosts,” and many polymorphic fragments varying in size from 1-2. miaons down 
to innumerable minute particles approximately the size of bacteria showing active 
Brownian movement in wet preparation Microscopic examination of the erythro- 
cytes in a wet preparation did not reveal Hemz-Ehrlich bodies 

B CHANGES IN OSMOTIC FRAGILITY OF ERYTHROCYTES PRODUCED BY HEAT 

Comcident With the continued fragmentation of erythrocytes, the osmotic fragil- 
ity became significantly mcreased The production of spheroid erythrocytes was 
evident from inspection of wet preparations and from the decrease in diameter and 
dense stammg of red blood cells in stained preparations As shown in table i (30 
and 60 mmutes), the increased osmotic fragility was also associated with a decrease 
in the mean diameter of the erythrocytes and an increase in the coefficient of varia- 
tion of the diameters It should be emphasized that progressive fragmentation of 
the erythrocytes occurred without significant loss of hemoglobm unless the osmotic 
fragility of a portion of the population had increased to such an extent that he- 
molysis occurred m concentrations of sodium chloride of from o 85 to i o grams per 
cent Thus, when the osmotic fragility was normal, the free hemoglobm in the 
plasma was less than i per cent of that contained by the cells of the sample, this 
was also observed in many instances when both fragmentation and fragility were 
greatly inaeased, as shown m table i and in table a However, with sufficient heat- 
mg, the osmotic fragility of the red cells could be so mcreased as to produce marked 
hemolysis of cells m serum or plasma Thus, “rapid heating” at temperatures of 
from 55 to 60 C produced up to 5 per cent hemolysis, at temperatures of from 6a 
to 65 C from aa 5 to 100 per cent hemolysis 
In contrast to the morphologic changes m erythrocytes which were heterogene- 
ous and difficult to evaluate quantitatively, the changes m osmotic fragility pro- 
duced by heating were definitive and readily measured, as shown m figure a The 
change in osmotic fragility caused by a particular temperature and period of heatmg 
was remarkably reproducible for blood samples obtamed at the same tune or at 
different times from normal persons When different blood samples were heated for 
a fixed period of time, a critical temperature was found, above which an increase of 
from only I o to I 6 C produced a phase of rapidly increasing osmotic fragility, as 
illustrated in figure l and table i Below this critical temperature range, the osmotic 
fragility was always found to be normal For example, rapidly increasing osmotic 
fragility values occurred for “rapid heatmg” between 50 6 and 51 6 C , and for a 
period of sixty mmutes of heatmg between approximately 47 and 48 6 C Moder- 
ate and similar increases m osmotic fragility were produced by the followmg tem- 
peratures and periods of heatmg at approximately 50 8 C by “rapid heatmg,” 
^od at approximately 49 x, 49, 48 6, 48 4, and 48 C by x, 5, 10, 30, and 60 mmutes 
neating, respectively In order to illustrate the reciprocal relation between the 
<^ccts of temperature and the duration of heatmg sufficient to produce a given m- 
'^ease m osmotic fragility, these data were plotted m twm ways m figure 3 The 
approximately straight line function between the reciprocal of the absolute tem- 
perature and the logarithm of the time (equivalent to the rate), to be seen m figure 
3 > suggests the conformity of enzyme reactions or chams of reactions with Ar- 
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rhenius’ law No attempt was made to interpret these data further Henriques^® 
has made a mathematical analysis of experimental time temperature relationships 
' for thresholds of epidermal injury 

Observations were made of the changes in morphology and osmotic fragility 
' produced by the heating of blood samples containing abnormally spheroid red cells 
from patients with chronic hypochromic anemia and sickle cell anemia, respec- 
tively The results are summarized in table 3 In each instance, experimental condi- 
tions were arranged so that the heating of the blood sample increased the osmotic 
fragility of the red cells to approximately the same final value The osmotic fra- 
gility of the red cells from the patient with congenital hemolytic jaimdice was. 



Fig 1 Osmotic Fraoiutt of Red Blood Cells of Samples of Heated Normal 
Human Defibrinated Blood 

The individual curves represent effects of heating for 3 . minutes at temperatures of 49, 49 6, 50, and 
55 C respectively, as indicated 


o course, already increased, and, before heating, stained films showed 3 per cent 
of spherocytes ” With heatmg, only a moderate degree of fragmentation and 
0 decrease m mean corpuscular diameter was required to produce the observed 
increase in osmotic fragility On the contrary, for the relatively discoid flat, 
ot target cells with mitially decreased osmotic fragility, the given degree of 
osmotic fi'agihty was reached only after considerable morphologic change had 
iippeared, indicated by marked decrease in mean corpuscular diameter and increase 
in the coefficient of variation of the erythrocyte diameters Paradoxically, the 
temperature required to produce the given degree of morphologic change was greater 
■' spheroid than for the discoid cells Thus, blood from the patient with 

congenital hemolytic jaundice required rapid heating to 5X C , that from the 
patient with sickle cell anemia to 50 6 C , in order to produce the same final v alue 
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Fig 3 Relation Between Temterature and Duration of Heating of H 

Defidrinated Blood which Caused Approximately the Same Final 

Increased Osmotic Fragiutt mljjtiit 

A (left) Duration of heating plotted against temperature B (right) The same data p ot 

logarithm of time (equivalent to log against the reciprocal of the absolute 
The increase in osmotic fragility that was selected as a basis of comparison was as 0 
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The toniaties expressed here represent the average of set eral determinations or ex 

fallmg near the value given ^ 

C CHANGES PRODUCED BY HEAT AS A PROPERTY OP THE ERYTHROCYT 

OF THE MEDIUM 

The changes in red blood cells produced by heat were crytbr^ 

determine whether the effects were reversible and whether m e 
cyte or dependent upon the presence of plasma or scrum A s p 
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fibnnated human blood was kept at a temperature of 53 C for a period of nine 
minutes, producing a marked increase m osmotic fragility The heated blood anda 
sample of unheated blood were then centrifuged and the serums removed and inter 
changed in such amounts as to produce a 5 per cent suspension of heated cells in 
unheated scrum, and the reverse These two mixtures, together with unmanipiilatcd 
samples of heated blood and unheated blood were then introduced into separate 
150 cc tonometers which were closed and rotated slowly for two hours in an incu- 
bator at 37 5 C There was no change in the abnormally increased osmotic fragility 
of the heated red cells produced b) the fresh unheated serum and no significant 
hemolysis or increase in the osmotic fragility of the unheated cells suspended m th 



Fig 4 Osvfonc pRAGiLi-n or Red Blood Cells jn Mixtures of Heated and Unheated 

Normal Human DEn»RiNATED Blood 

N, unheated sample, 100 (per cent b\ t olume of blood), after rapid heating to 55 C , lO-So, did 
of varj ing proportions of the heated sample (10-80 per cent b) \ olume) w ith the unheated samp c 


heated serum When mixtures of from 10 to So per cent by volume of heatc 

exhibiting increased osmotic fragility were made with normal blood, the r« 
osmotic fragility curves showed the values to be expected from such a mixe 
lation(fig 4) 

In another experiment, a sample of plasma (containing sodium citrate 5 
per 100 cc ) and of serum were heated at 56 C for two minutes and for 
utes, respectively The precipitated fibrin was then removed from t c 
plasma by centrifugation Five per cent suspensions of unheated red ce s vve^ 
made in each and were incubated in tonometers as described above, or 
time as unheated samples of whole citrated and defibrinated blood No 
changes occurred in the osmotic fragility or degree of hemolysis of any 0 

samples r of red cells 

The effect of different mediums on the increases in osmotic fragi uy 
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caused by heat was investigated Whole blood containing heparin, 150 mg per 100 
, cc , defibrinated blood, and red cells from defibrmated blood washed and resus- 
pended in isotonic salt solution, were heated for ten minutes in separate test tubes 
under identical conditions At 48 8 C , a moderate and similar increase in osmotic 
- fragility was produced in each At 49 6 C , however, the red cells in isotonic saline 
showed a somewhat greater increase in fragility and a significantly greater degree of 
„ hemolysis, 1 e , 16 per cent, compared to 2 . and i per cent, respectively, for the other 
two samples Similarly, washed red cells suspended in isotonic saline, when heated 
up to 53 C m three minutes, showed a greater increase in osmotic fragility than did 
the red cells from defibrinated blood that was treated similarly Hemolysis of the 
red cells in isotonic saline was 34 per cent, but only z per cent in defibrinated blood 
However, when the red cells of the heated defibrinated blood sample were washed 
^ and resuspended m isotonic salme, they exhibited the same increase in osmotic 
fragility as those originally heated in suspension in saline In contrast to heparin, 
sodium citrate, Z50 mg per 100 cc , when used as anticoagulant for whole blood or 
when added to defibrmated blood caused a significantly greater increase in fragility 
and in hemolysis when the samples were heated than was observed with heated de- 
fibrinated blood The possible effect of other salts was not investigated 
The increase m osmotic fragility of the red cells was not accompanied by any 
significant change in the nonprotein nitrogen concentration of heated defibrmated 
blood or of erythrocytes washed and suspended in isotonic sodium chloride solu- 
tion There was no production of methemoglobm or sulphemoglobm The hydro- 
gen ion concentration of the suspension of red cells, as measured by the glass 
electrode, was not materially changed for heated whole blood contammg heparm 
or sodium citrate Z50 mg per 100 cc , for defibrmated blood, or for erythrocytes 
Washed and suspended m isotonic salme 


D EquiLIBRIUM VOLUMES OF HEATED ERYTHROCYTES 

The equilibrium volume of erythrocytes (hematocrit) from samples of normal 
ind heated human defibrmated blood was tested by a modification of the method of 
^astle and Daland^^ who emphasize the fact that differences m osmotic fragility of 
different types of erythrocytes are not explamed by differences m strictly osmotic 
properties, but rather by differences m the shape of red cells The purpose of these 
CYpennients was to determine what alterations, if any, were produced by heat in 
^ c permeability of the membrane of the red cell or m the osmotic activity of its 
contents Because no striking changes m the hematocrit of samples of defibrinated 
00 Were noted to occur as a result of heat, such effects appeared to be minimal 
iquot samples of human defibrinated blood were heated rapidly to 49 6 and 
^ producmg a slight and an extreme increase m osmotic fragilit) , re- 

shown m table 4 Then i o cc amounts of these two samples and of an 
cated aliquot were mixed with i o cc amounts of solutions of sodium chloride 
nging in concentration from o 51 to i 7 grams per cent After mixing, the hcma- 
^ sample was determined Then the percentage difference bem een that 

solut^ value obtained when the sample w^as mixed with sodium chloride 

'On o 85 grams per cent wms computed The tonicities of the mixtures of serum 
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and salt solution were calculated, assuming the serum tonicity to be isotonic with 
o 85 grams per cent sodium chloride solution In the experiment shown m tablc^, 
the original red cell volume was 48, the serum volume 51 per cent The hematoent 
readings were probably only approximate in accuracy because of the polymorphic 
nature of the heated red cells Moreover, because of their increased osmotic fragil 
ity a significant portion of the heated red blood cells hemolyzed in the hypotonic 
mixtures of sodium chloride In the hypertonic solutions, however, hemolysis did 


Table 4 — Change tn Equtltbrtuw Volume of Unheated and Heated Normal Defibrmated Human Bliii 
Mixed With an Equal Volume of Ihpotonic or Hipertonic Solutions of Sodium Chloride and 
Compared to the Hematocrit in Isotonic Sodium Chloride 
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not occur and the percentage decrease in hematocrit was roughly the same 
heated and unheated sample This indicates that, as with red cells of natura 
currmg different osmotic fragilities, the strictly osmotic behavior 
change in equilibrium volume with change in tonicity of suspension me 
the heated red cells did not differ significantly from that of the norma re ce 

E EFFECT ON HEATED EE.YTHROCY'TES OF SUBSECiUENT INCUBATION AT 37 5 

Samples of normal human and dog defibrmated blood were so ^and 

duce a moderate increase in osmotic fragility Then 6 cc amounts ot ca 
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heated samples of each were incubated m X5o cc tonometers with slow rotation at 
37 5 C for periods of 4, 8, or 10 hours A significant increase occurred in the os- 
motic fragility of the heated, compared to the unheated, samples of dog blood The 
inaeases in the osmotic fragility of the heated human red cells were minimal even 
after ten hours, as were those of the unheated controls This corresponds with pre- 
vious observations upon the sterile incubation of normal and pathologic hu- 
man blood and indicates, apparently, an increased susceptibility of the heated dog 
red cells to such incubation 

T CHANGES IN MECHANICAL FRAGILITY OF ERYTHROCYTES PRODUCED BY HEAT 

The mechanical fragility of samples of both heated and unheated human and dog 
blood was determined For example, samples of defibrinated dog blood were sul> 
jected to "rapid heating” at 49 8, 5x8, and 54 C Immediately thereafter, the 
bematocrit and osmotic fragility of each of the heated bloods were determined 
The hematocrits of the unheated samples were adjusted by removal of serum to 
equal those of the samples exposed to the highest temperature The hematocrits of 
the other heated samples were not adjusted in each experiment The mechanical 
fragility of a given sample was taken as the percentage of its hemoglobin liberated 
by standardized trauma from glass beads rolling m a rotating tonometer 
Heatmg of blood that was just insufficient to cause increase m osmotic fragility 
had no detectable effect on mechanical fragility However, the effect of sufficient 
heat was to produce progressive increases in both the osmotic and mechanical fra- 
gilities of the erythrocytes The increase in mechanical fragility was roughly pro- 
portional to the increase m osmotic fragility Thus, for example, as may be seen 
hom figure 5, rapid heating to temperatures of 5X 8 and 54 C caused the mechani- 
cal fragility of a sample of dog blood to increase from a control value of 7 o per 
Cent to zo X and 315 per cent, respectively A temperature of 51 x C caused the 
Mechanical fragility of a sample of human blood to increase from a control value of 
3 9 per cent to 16 3 per cent (no figure shown) 

Continuous trauma of heated defibrinated human or dog blood for periods of 
coni three to eight hours apparently did not destroy selectively those red cells that 
owed the greatest increase in osmotic fragility This was evidenced by observa- 
tion of the curve of osmotic fragility at frequent intervals while hemolysis from 
tcauma was progressing With human blood there was no evident change in shape 
t e osmotic fragility curve to indicate alteration of all or selective destruction of 
particular portion of the cell population On the contrary, samples of defibrm- 
|ed dog blood that were heated sufficiently to produce increased osmotic and me- 
^nical fragility of the red cells when subjected to continuous trauma for fifty 
^^'iiutes or at intervals for three hours, showed a significant uniform and progres- 
j ^ iiicrease in osmotic fragility as the hemolysis from trauma increased It was as- 
^|Mied, as a hypothesis without further im'cstigation, that the progressn c increase 
^ ^Mocic fragility resulting from the continuing trauma of heated dog blood 
'Sbt be the result of an increase in the degree of fragmentation of the red cells al- 
' imtiated by heat 
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Effect or Injection or Heated Erytheocytes into Dogs 

In previous observations^ on patients with thermal burns, hemoglobinemia and 
hemoglobinuria were found It is dear from the preceding experiments that, w 
blood samples heated in vitro, striking increases in both osmotic andmechanical 
fragilities of the red cells were demonstrated In order to determine whether such 
red cells would be readily destroyed in vivo, blood was removed from normal dogs, 
heated, and injected into the same animal 
In the several experiments, 8 healthy dogs in the fasting state, weighmgfrom iz 
to 1 8 Kg , were bled, using sterile precautions, from the jugular or femoral veins 



Fig 5 Osmotic and Mechanical Fragilities of Red Blood Cells op Dog s Defibrinated Bhe® 
ATTER ‘Rapid Heating ’ to 45 8, 51 S, and 54 o C , Respectia’elt , as Indicated 


from 0 to 3 of their blood volume, as estimated from their body weight 
blood was defibrinated or citrated as drawn In Dogs i and 5, ether 
an open cone was used briefly during the venesection Immediately after the c 
ing, an equal volume of isotonic sodium chloride solution contaming 4°^^ 
molar sodium lactate was injected intravenously The blood sample 
treated as described below and later injected intravenously mto the 
Thereafter, the animal was given food and water ad Uhtum Samples 
blood were taken at frequent intervals, before and after the injection, 
cautions to prevent hemolysis of the samples by trauma On t ^se 
were determined especially the morphology and osmotic fragility ot 
cytes, the plasma hemoglobin^-* and the hematocrit In experiments on 
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and 8 the mechanical fragility of the red cells was also determined All urine 
samples were collected The rectal temperature was recorded at frequent intervals 

Dog I received bis own red cells which were heated in serum and then uashed and resus fen lei in saline, as describe I 
below, in order to eliminate any -potential hemolytic or to-cic factor contained in the heated serum From Dog i, 
weighing irKg , approvimatcly | of the calculated blood \olume, 15000 , vas withdrawn, defibrinated, 
heated in a water bath at 54 C , during a period of n\ eh c and one-half minutes required for the temperature 
of the blood to reach 51 1 C The sample v as then immediatelj cooled to bods temperature, centrifuged, 
the serum discarded, and the red cells vi ashed three times vsith i solumes of hspcrtonic (i 175 grams 



TONIOTY EXPRESSED AS NACL GM PER CENT 

Fig 6 Doo i ErrEcr or Iktrascvous Injection or Washed Red Blood Cells raovr 150 cc 
Heated DErinniNATED Dog s Blood upon Osmotic Frsgilits or Circllatino 

Red Blood Cells 

Curse I, W^ashed red cells before intrasenous injection Curse i, immcdiarcis after inj-ction Curse 
3, after 2. hours Curseq afterjj hours Curs c 5, iftcrqi hours Sec also figure 7 Sine that app'osinatcis 
30 per cent of the red cell population ssas abnormal imnicdiatcls after injection Course 1 Subseqjcntls 
the osmoticalh fragile red cells progTcs<.iscls disappeared 

per cent), sodium chloride solution -^ftcr the red cells sscrc resuspended, at thci-- o’-iciral 1 c ’-ato 'it, 
in the hspertonic saline, thes eshibitcd an extreme increase in osmotic fracihts as shown 1" curse 1 
in figure 6 Immediateh after the intrasenous injection of the su'pensio" t' e a"i" al s — s^s b' i 
shosscJ a mixed red blood cell population ssith app'osimateh 50 pc cert of celh of ru ) cJls i" 's -J 
osmotic fraqilits and 70 p'r cent of normal cells, as indicated in cu's c L in tic-re f Ti 1 sp-s<t t : 
fragilits curse resembled that ocsumnc in ariitisial riixtu'-cs of b-at-d a'-d u"! 'a 'J 1 h d a iL -t-i 
in licurc 4 The subsequent o motis fracilits curse hos 'd r ad-a! di -pp*- r 1 ’ - a’ a’ls 

fraqilc cells durinq cicbtecn hour' alter inj* non I'- ni-di_rels af e- ' - nr 1 i ‘ ‘ -j > 

I ahluniqh nofree hcmoqh'bm ssas date tablcmtlr „ pe- >n s • s ' -d r-d v'll n- 

of hemoglobin ssas noted in the ar'r'ial s p’_ ”aa dl. e^’e” sp’ iV la ^"p-. -d - ' 

The maximum saluc fo' p'a "la 1 e'‘ s'chs’’ n s\_s 1 f- c s p" c^ t’ . ' ^-1- ^ 
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transfer, m one or another form, of fetal red blood cells mto the maternal circu 
tion Javert” suggested that fetal red blood cells may enter the maternal circulati 
via placental thrombi in which he claims to have observed fetal red blood ccl 
This view could not be confirmed by Potter*® in a study of 6o placentae which h 
thrombus-lilce lesions Burnham*® claimed that lack of or improper utilization 
vitamin C produces placental lesions which would permit leakage of fetal r 
cells Because of lack of evidence this view is generally not accepted 
In the first studies which demonstrated the role of the Rh factor in the path 
genesis of erythroblastosis fetalis, no attempt was made to dcsaibc the mcchanis 
by which the fetal red blood cells, a large formed element, traverse the placcnt 
In the intersml of 1941-1943, a concept was gradually developed which seemed 1 
be compatible with the clinical and serologic findings *^ 

It IS assumed that in every normal pregnancy minute quantities of fetal red bloc 
cells, in one form or another, find their way into the maternal circulation in sul 
cient quantity to induce isoimmunization According to this view, it is notnccc 
sary to assume the existence of gross placental lesions, which would have to tea 
with each successive pregnancy in which the fetus is Rh+ Another considcratio 
IS the fact discussed below, that only minute quantities of blood may suffice i 
immunize The existence of gross placental lesions can also be excluded since ti 
course of the pregnancy and the delivery in the vast majority of immunized motha 
IS entirely uneventful Toxic s}Tnptoms are apt to occur only in some of the nrat 
smaller group of mothers of infants suffering from fetal hydrops and it is probabl 
chat these s>Tnptoms m the mother cannot be attributed to the effects of gtos 
leakage 

From an immunologic viewpoint, it is safe to assume that minute quantities 0 
fetal blood may suffice to induce isoimmunization There are numerous example 
in serologic literature to demonstrate that very small doses of soluble protems^ 
toxins, suspensions of bacteria or red blood cells administered to the experimcnta 
animal will result in antibody production Perhaps the most outstanding exampf 
IS sensitization of the guinea pig to anaphylaxis by the injection of, e g > 10 
of horse serum (ca 7 X io“® grams of protein) 

In order to accumulate additional evidence with red blood cells as an antigc^ 
the author injected a senes of rabbits daily with 2. cc of a i 5000 susj)^*****^ 
citrated human blood After seven injections there was a slight to mo 
crease in the activity of the sera for human blood The antibody response was ffl 
striking after a second series of injections (table z) ^ 

It IS of interest that one of the animals was comparatively resistant 
jections and that one of the remaining five animals produced anti-M agj^“ 
as well as spiecies-specific antibodies Measured in terms of sediment, t 
volumes employed for the seven and fourteen injections were 
and o 002.8 cc The corresponding values for an adult of ixo lbs (60 Kg 

and o o 67Z cc respectively , , hi-tcroimmuni«t*o® 

It IS true that the above-mentioned experiment dealt witn ne 

and It seems desirable to determine whether or not the same Yof vaO***^ 

to isoimmunization of rabbits with minute quantities of rabbit 00 
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antigenic constitution However, there is already indirect evidence obtained from 
recent experiments on isoimmunization of Rh— donors with small quantities of 
Rh+blood This applies especially for the increase of antibodies already formed 
From a practical viewpoint, one must consider that these experiments cannot 
simulate the conditions existing m pregnancy which are most favorable for anti- 
body production, 1 e , slow administration of the antigen over a long period 
Certamly these conditions cannot be satisfied in either abortions, ectopic preg- 
nancies, nor in the process of parturition 

By and large the effects of isoimmunization by the Rh factor are exerted on the 
fully, or almost fully developed fetus, or the newborn infant Intra-uterinc fetal 
death in the seventh or eighth month is never observed in the first born unless the 
mother has been immunized by previous transfusions of Rh-j- blood With increas- 
ing degrees of isoimmunization, fetal death may occur but scarcely before the sixth 
or seventh month Remarkably enough, the presence of potent antibodies residual 
from the precedmg pregnancy does not mterfere with the process of fertilization, 
implantation, nor with the subsequent development and growth of the fertilized 


Table x * — Immuntzatton of Rabbits wtth Mtnutt Quanttttes of Human Blood (^Group 0) 


Agglutination Titers of Five Immunued Rabbit Bloods Tested mth Blood Group O 



1 

2 

3 

4 

s 

Before injections 

3 

10 

3 

3 

5 

After 7 injections 

13 

i 100 

2-5 

2.5 

! 10 

After 14 injections 

100 

300 

13 

600 

1 100 


* After Levine 


ovum, even though red blood cells are already in the process of formation in the 
fourth week The Rh factor has been demonstrated in the blood of a 48 mm fetus 
by Stratton,'^ and a 17 cm fetus by Bomstein Diamond ** demonstrated the Rh 
factor in the blood of three fetuses of 3 month development while Potter'® found 
the factor present in fifteen out of seventeen fetuses weighing between 8 and zoo 
grams There is reason to suspect that the more fundamental property of anti- 
genicity and capacity to unite with antibodies may be inherent in the earlier fetus 
or even in the embryologic forerunners of red blood cells 

Although immunized Rh- mothers have a somewhat higher incidence of abor- 
tions and miscarriages,- there is little or no statistical proof to indicate that 
early fetal death is brought about by the action of passively transferred maternal 
antibodies While metabolites are transferred early in the course of development, 
there is no proof that the early fetus receives maternal antibodies Certainh , the 
fetus does not require antibodies at this early stage of its development In any 
event, this subject and its possible relationship to early fetal death merits further 
'investigation Whether or not an early abortion followed b> a curettage results 
in the transfer of fetal blood into the maternal circulation r\ ith subsequent isoim- 
munization'® will be referred to below 

According to the author s concept, isoimmunization b\ the Rh factor docs not 
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begin until after midpregnancy when certain structural changes occur wkd at 
favorable for the transfer into maternal sinuses of minute amounts of one form h 
another of fetal red blood cells ” As the placenta grows the blood vessels in tit 
villi, at first centrally located, become larger and come to lie adjacent to the mater 
nal sinuses During this period the Langhans cells degenerate and only a thiniM 
brane and one layer of syncytial cells separate the fetal and maternal circulations 
The gradual thinning of the barrier is readily demonstrated in a comparative sttdy 
of histologic sections of normal placentae of varying periods of development Tb 
retention of Langhans cells in the placentae of erythroblastotic infants docs not 
invalidate the view presented since these changes may be considered as secondary 
responses to the hemolytic process 

Ac the same time there is an ever-increasing surface area of fetal villi in contin 
with maternal sinuses It has been calculated by Dodds’® and Dccs-Mitmglj'' 
that in the term placenta there are from jo-iio square feet of fetal villi exposed lo 
maternal sinuses and the total length of these villi, if laid end to end, would meas- 
ure II 4 miles Furthermore, one fourth or more of the fetal blood is outside of the 
fetus and in close contact with the maternal circulation It is known that the 


circulation in the maternal sinuses is very sluggish and that the pressure is greater 
in the fetal circulation Accordingly, there is ample opportunity even under physio- 
logic conditions for the escape into the maternal sinuses of a minute number of red 
blood cells in one or another form One may well speculate that the pressure m 
the fecal villi is not constant, and may be increased as a result of fetal movements 


which generally become active in the fifth month 

The mechanism of isoimmunization described is compatible with the cliwc 
observation that once an Rh— mother delivers an erythroblastotic infant, the 
condition is apt to recur in all succeeding pregnancies in which the fetus is Rh+ 
Apparently, the isoimmunization is renewed even if subsequent pregnancies 
spaced at intervals which are sufficiently long for the complete disappearance 
antibodies, residual from the preceding pregnancy Thus, the specific form o 
anamnestic reaction is called into play in each successive pregnancy, and the et 
mining factor is the presence of Rh-f- fetal red blood cells in the maternal c 
tion during the course of the pregnancy 
Transplacental isoimmunization by the Rh factor depiends on (i), a com 
of an Rh— mother and Rh-f- fetus and (z), genetic capacity to respond to ^ 
genic stimulus It is assumed that the mother whose first Rh+ infant is 
produces antibodies with greater ease than the mother who has sever 
Rh-{- infants prior to the first affected infant These two facts serve to ^ ct^ 
the comparatively low incidence of erythroblastosis in spite of the fact t a 
are 13 per cent incompatible matings (85 per cent X 15 pcc cent = ^ y.Qvi 

More than 50 per cent of these Rh-f fathers (about 58 per cent) are e 
and half of their offspring will be Rh— , like the mother Another act 
to reduce the incidence of erythroblastosis fetalis is the current ten 
families It is probable that every Rh— mother would produce an cry 
infant provided that there were a sufficient number of pregnancies ^ 

The same genetic factors determining the capacity to produce a 
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also operative in isoimmunization of voluntary donors by administration of RI1+ 
blood Thus, Diamond and Wiener report successful isoimmunization in somewhat 
less than 50 per cent of the Rh— donors Of loo Rh— random individuals who were 
transfused indiscriminately, about 46 per cent produced antibodies for Rh It is 
most significant that the antigenic response was independent of the number of 
transfusions, but determined rather by certain genetic properties In contrast to 
the patient reported by Dacie and Mollison^® who produced antibodies soon after 
the first transfusion is an Rh— patient studied by Levine who produced antibodies 
after a series of numerous transfusions 

As pomted out by Levme, the occurrence of erythroblastosis fetalis in the first 
born with or without previous transfusions has considerable bearing on the mecha- 
nisms of transplacental isoimmunization In both groups of cases, there is a selec- 
tion of those Rh— women who produce antibodies readily, but of the two, the 
nontransfused group is obviously the more sensitive to the administration of Rh-f- 
blood The objection has been raised that many of these women had one or more 
abortions, probably premarital, which are not obvious from the usual history 
This raises the question whether or not fetal red blood cells may be carried over 
into the maternal circulation as a result of either a spontaneous abortion or the 
subsequent curettage However, this is not likely, particularly if there is consider- 
able uterine bleedmg which would tend to carry with it the fetal blood In any 
event, an early pregnancy cannot supply the conditions favorable for isoimmuniza- 
tion, 1 e , slow administration of the antigen over a long period In a number of 
cases studied by the writer a history of abortion was denied A more important 
consideration is the likelihood that many of these women had previously received 
an intramuscular injection of presumably Rh-j- blood In the pre-vitamin K days, 
the intramuscular injection of blood was a common practice and more recently 
such histones were obtained, particularly if the indication was prophylaxis for 
either measles or poliomyelitis Under such conditions the er}ahroblastosis fetalis 
in the first born is classified under the ‘transfused” group 

Erythroblastosis fetalis in the first born is a more common event in the trans- 
fused group and in many of these there is a long interval benveen the last trans- 
fusion and the first pregnancy It is not likely that the antibodies produced as a 
result of one or more transfusions will be demonstrable for more than several years, 
but certainly not for five years, at least in the vast majority of the cases Accord- 
ingly, It may be assumed that in many of these cases, no antibodies arc present 
when the first pregnancy is started The subsequent appearance of antibodies during 
the course of the pregnancy provides proof that fetal Rh-f blood cells must haie 
passed the placental barrier in suflicient quantit) to exert its antigenic elTect 

The following case of erythroblastosis fetalis in the first born referred b\ Dr 
Regina Beck of Richmond, Virginia is cited because antibodies, vhich were not 
demonstrable either early in the course of the pregnanc^ , 1 e , the txselfth week 
or in the thirty-third week, were found in a specimen dravn in the thirt\ -eighth 
week (titer = i 64) This Rh— patient was transfused six times in 1941 for gastro- 
enteritis, five jears prior to her first pregnanev It is significant that in the speci- 
men drawn se^en w’ceks prior to the expected date of confinement Quh 17, 1947 > 
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the serum failed to sensitize Rh+ cells so that the precipitin reaction of Coombs, 
Mourant, and Race‘’= was completely negative In view of her history, the patient s 
serum was titrated and as was to be expected, the existence of a prozone in the 
lower dilutions was excluded Assuming a two or three months’ preparatoij 
period, one may speculate that fetal red cells began their passage between the 
twenty-sixth and thirtieth week of the pregnancy Since there were six transfusions, 
of which probably five were with Rh-|- blood, the patient must be considacd is 
relatively resistant to the production of antibodies 

Curiously enougli there arc remarkably few cases in which there aresuffiacni 
data useful for this analysis As a rule these patients do not submit to the test 
until late in the course of the pregnancy when antibodies are already demon 
strable and their origin, whether residual or newly formed, cannot be determined 
However, indirect evidence may be obtained in an analysis of the interval between 
the last transfusion and the first pregnancy with an Rh positive fetus In a combined 
senes of 52. cases of erythroblastosis fetalis in the first full term Rh-f infants, the 
average interval was six years and as mentioned above it is safe to assume that(i) 
the antibodies which may have been present earlier will have disappeared in the 
SIX years’ interval and ( 1 .') that the appearance of antibodies responsible for erythro- 
blastosis fetalis was the result of intra-uterinc passage of fecal blood * 

Of the 5z cases, 10 had previous histones of abortions or ectopic pregnancies and 
9 of the 10 required blood transfusions The average interval between the trans 
fusion and the first pregnancy resulting in an erythroblastotic infant was 3 7 years 
The shorter interval does not indicate that the abortions resulted in isoinimumaa 
non In women of child-bearing age, one cannot expect to find long mterr 
between pregnancies Excluding this series, the interval in the remaining 41 cases 
between the transfusions and the first pregnancy was 6 4 years 

In z cases a history of intramuscular injection of blood could be elicited at 
tervals of eleven and seventeen years respectively prior to the delivery 0 
erythroblastotic infant in the first pregnancy The indications for the admimstra^ 
tion of blood were prophylaxis against measles and poliomyelitis Each 0 


patients denied having previous pregnancies and/ or ’abortions 

Finally, there is the group of twelve instances of erythroblastosis feta is 
first born in which there is neither a history of transfusion or abortions ^ 
tional 4 patients gave a history of early abortion However, this can p i 
sential role in initiating transplacental isoimmunization which requires p 
and slow administration of Rh positive fetal blood It was in this 
that the suggestion was first made by Levine that these patients may 
intramuscular injections of blood many years previously In the event 
antigenic stimulus can be excluded, these Rh— women can be no 

group most susceptible to isoimmunization Unfortunately there is 
known procedure which will differentiate this group from the group 


more resistant to isoimmunization course 

Possibly fetal red blood cells escape into the maternal circulation 


♦This includes a second series of cases to be published by Levine and Roscnficld 
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of the second stage of labor when the placenta begins to separate * Perhaps this 
serves to explain the increase of antibody content occasionally observed in the 
postpartum period However, parturition by itself can play no essential role in 
the group of cases discussed above and by the same token its importance in the 
mechanism of isoimmunization in general can be excluded 

As indicated above there is no final proof for the concept that fetal blood cells 
find their way into the maternal circulation in every normal pregnancy However, 
this view seems to be compatible with serologic, clmical, and pathologic features 
of erythroblastosis fetalis Most workers hesitate to accept the theory of transpla- 
cental isoimmunization probably because of the traditional concept that the pla- 
centa presents a barrier which is absolutely impermeable to formed elements It 
would indeed be quite unique if nature repeatedly provided an absolutely perfect 
organ which m the course of its short life of 40 weeks attains a surface area of 
yo-izo square feet required for the nourishment of the fetus This would be all the 
more remarkable because of the rapid proliferation of the trophoblast which is 
endowed with mvasive properties similar to that of the malignant cell 
A discussion of the mechanism of transplacental isoimmunization cannot be 
complete without reference to the passage of maternal antibodies into the fetal 
circulation Recent attempts to associate prolonged intra-uterine action on the 
part of blocking antibodies with hemolysis and rapid action of agglutinins only 
at delivery with severe jaundice and toxicity have been shown to be premature 
Although there are strikmg differences between agglutinins and blocking anti- 
bodies demonstrable in vitro, these differences lose their significance because m 
VIVO both react with fetal blood suspended in a medium of plasma In any event, 
blocking antibodies in contrast to anti-Rh agglutinins are frequently demonstrable 
in the infant’s circulation 

The study of affected infants before and after a more or less complete replacement 
transfusion reveals the significant fact that appreciable quantities of blocking 
antibodies can still be demonstrated at the end of the replacement transfusion when 
the vast majority of the blood is not coated Presumably, large quantities of block- 
ing antibodies are stored in the tissue spaces and hence, the continued blood de- 
struction of any residual Rh-f fetal blood in the neonatal period Certainly, there 
seems to be little or no indication for the use of Rh-f blood in transfusing affected 
infants of Rh— mothers 

With an antigenic stimulus acting over a period of several months in any one 
pregnancy and its renewal in the following pregnancies with Rh-f fetuses, it is 
not surprising that more than one variety of antibody is produced In a sense mam 
Rh— women are subjected to hypcnmraunization More reccntlj, a third \aricti 
of antibody could be demonstrated in certain blocking sera \\hich are characterized 
by a distinct prozone in the lower dilutions The antibod) responsible for the 
prozonc can be specifically absorbed after contact of the undiluted scrum yith 
Rh-f but not with Rh— blood (Levine and Wigod) j 

•Should the Rh factor be found in stnanal ceils, their liberation m the ponpartem pc'ioJ r— ' 
serve to immunize 

tCf Hill and Habcrman 
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These findings raise the question as to the nature of the globulin antibody pf( 
duced by the immunized mother One may speculate that the antibodies product 
represent an ever changing configuration of the immune globulin without Josm 
Its characteristic specificity It is not excluded that at times an antibody mayl 
produced which has little or no capacity to pass the placental barrier Possibl 
this may serve to explain the rare instances of entirely normal or mildly affectf 
Rh4- infants delivered by intensively'- immunized Rh— women whose previoo 
pregnancies resulted in severely affected infants (Chown^®) 

Addendum 

Claims were made recently that physiologic breaks in the villi could be demon 
strated either by means of serial sections (Naeslund and Aren®®) or by thcp-cscDO 
of nucleated red cells of the crythroblastotic fetus in intervillous spaces (Klinc“) 
These observations require confirmation because of the inherent difficulties a 
providing histologic proof of physiologic breaks in the continuity of blood vcsscii 
of such delicate tissue as the placenta. 
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erythroblastosis fetalis in negroid infants 

Bj A S WI^CR. M D , 1 B Wbm,hr, md 

Tauthors. “ ®'7 

reports have com to ou -"<1 Wteoer‘ • tts pathogeatSM. 

Negrotd infants We hav^rTc l “PP=arance of the J, state « 

features, and these arc the subject of’th.rreporr‘‘ ’ 

Case Reports 

the mother s fim Prepnli!^^ ind Ih"'’ " ® Hospital on October 8, 1346 This nr 

of luetic infection and the W-.ss of gestation uas uncomplicated Therct^asnohntm 

term, and ^h^nJant crmLZeWU^^ronf t 
coloration of the \ernrv mtl n ^^’^’ormilit) noted at the deliter) was ajcllondii- 

8 ounces -- "onnal The birth w.ght was 7 

sclerae w as noted^ Thcrc^w second dij of life when moderate icterus of the sLiniiJ 

w ell On the follow m A ^1,"° ■’tgement of the In cr or spleen md the babj appeared to be otbcna<c 

Laboratory fi d^lTs afth^^ ’ iL^Homited icsfeeJiBp 

xiTc r d bltd o concentration of the blood, 13 gtx-[« 

ilLobla ?s «r 1 r’ V, 5,500 per cu mm Bere ncrc i 
or blood Bleed " ° o" tho stf cat The stool was scllow green and gave a negatiTtt« 

irv was normal md prothombin times were normal The infant s red blood cell fnpl- 

ib^ZT ®°'?,f,'"°'’^»^"‘l'hebab>werefoundtobe Rhposime • 

nerionrr A ^ ® md on the si\th da) of life was found to bc 3 5 Gn 

fhr cmc u ^ 3 55 million per cu mm One cosinophilc and x normoblasts vrcrc seen ofl 

B RJi-rvi ^ ^®^Lng hemoglobin and red count, a transfusion of 50 cc of gtotfi 

irr m ^ ''0 00 nasgnen On the day following the transfusion, the hemoglobin had nseii to ii’^ 

grams perigee -^uh the red count 3 91. million per cu mm This rise was not maintained, hotveva, 
a d a second transfusion of group B. Rh-positive blood was gnen Twelve days later the blood count 

g a en an now showed a hemoglobin of only, 7 6 grams per 100 cc and a red count ofr-ff 
million per cu mm s 

c use of the obscure cuologv of the patient’s anemia and the poor response to transfusion dtci^pfr 
me case was referred to us for further studs Results of grouping and Rh-Hr tests on the father, mother, 
and infant were as follows 


Blood of 

Group 

MNTvT>e* 

RhHrTjptt 

Father I 

AB 

N 1 

Rh. 

Mother 

0 

MN 

Rho 

Infant 

B 

MN 1 

Rho 


From the Transfusion Division of the Department of Laboratories, and the Department of Pedwtf 
of the Jewish Hospital of Brooklyn 

* The types M N are not of clinical significance, but arc mcluded for the sake of completeness 
t For heredity and nomenclature of the Rh-Hr tyTics, sec Wiener ' ® 



A S WIENER AND I B WEXLER 


415 

Titrations of the alpha and beta antibodies m the mother s scrum showed an anti-A titer of 13 units b\ 
the agglutinauon method and also 15 units by the conglutmation method, the anti-B titer v, as 60 units 
by the agglutination method, by the conglutmation method a ater of 600 units uas obtained * These 
results show that the patient s anemia and poor response to transfusion were due to sensitization of the 
mother (group O) to the mfant s erythrocytes (group B) On our recommendation, two small transfu- 
sions of group O red cells (plasma free) were then administered, after which the infant made an unc\ ent- 
ful recovery When seen again in the clmic at the age of 7 weeks, the infant weighed 9 pounds, 5 ounces 
and had no jaundice Blood count was not done 

Case z A Negress was referred to us with the following obstetrical historj Her first pregnanes in 1941 
resulted in the birth of a normal male infant, s\ho is Ining and well The second pregnanes , in 1943, also 
gas'c rise to a normal male mfant Her third pregnancy terminated prematurely (8 months) ss ith the birth 
of a male infant svho became jaundiced at the age of 3 day s He ss as kept at the hospital for three weeks 
during which time the jaundice subsided He was not transfused during his hospital stay and appeared 
well on arrivmg home Shortly thereafter, hosseser, he svas seen to be pale He ssas transfused immedi- 
ately but lost sveight, developed jaundice and died The mother ssas now pregnant for the fourth time 
and the problem of the prognosis and treatment for the ciqiectcd infant ssas presented to us According 
to the mother, previous tests had shossm her to be Rh negatis e and her husband Rh positis e 

Results of grouping, Rh-Hr tests on the father, mother, and the tss o sun is mg sons ss ere as folloss s 


Blood of 

Group 

M-N Tj-pe 

Rh HrTspe 

Father 

B 

M 

Rh; 

Mother 

0 

MN 

RhiRh. 

ist son 

B 

M 

RhiRh; 

ind son 

0 

M 

1 Rhirh 


These results shosv that the Rh-Hr tspes had nothing to do ssith the problem and that the pres lous report 
of the mother s Rh type was m error Titrauon of the alpha and beta antibodies in the mother s scrum 
shossed an anti-A titer of 15 units by the agglutination method and a titer of 10 units bs the conglutina- 
tion method The anti-B titers on the other hand, ssere 100 units by the agglutination method and 300 
units by the conglutination method 

These findings support the diagnosis of cry throblastosis as the cause of death of the third infant, but 
with the B factor and not the Rh factor as the sensitizing agent It must base been the first child who 
sensitized the mother, while the second escaped because it belonged to group O The prognosis for the 
expected infant now depends upon its blood group If it belongs to group O (50 per cent chance) it w ill 
not be cry throblastotic If, howescr, it belongs to group B it will almost certainh ha\c the disease In 
such eases, the prophylactic injection of soluble A and B group substances into the infant b\ was of the 
umbilical sessels at the time of birth mas serse to ameliorate the disease 

Case; The patient was a second child, female, born at term after a short labor Pregnanes ssasuncom- 
p heated and the Wassermann and Rime reactions of the mother s blood were negatis e The babs weighed 
, pounds, 9 ounces at birth and was seen to be lethargic, pale, and appeared to base dilficults in breath 
ng A brads cardia of no beats per minute ssas present There was no apparent jaundice, nor was the am 
iiiotic fluid or scrnix discolored A blood count done shortls afterbirth showed a hemoglobin concent-a- 
rionof onls 7 7 grams per 100 cc with a red cell count of _ yz million percu mm , a whit: tell cojrt o' 
Sf.ooopcrcu mm , and Si nucleated red blood cells per too white cells on the smear The not! ' b'o >J 
was found to be A,MNRh,rh, and the babs s blood \iMRh,rh There was thcrefo-c no kro\ n fan - 
present in the infant s erv throes tes that ss as lacking from the mother ' and no se'- iti-ation s\as p b ; 

* Bs the method of titration used, the as erage normal titer with the accli-tirat s- tec'’^i isapp n 
niaicls 40 units In nonscnsicired indisiduaK, the titer hs the conelutmat m te^h"u i> loss e' , - a 1 -.' 

not higher, than that bs the acclutination tcchnc * 
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to the A, B, or Rh-Hr factors A ‘ coating ' test (congJutinarion technic)” done on the baby scelisw 
negative, and tests done on the mother s scrum for the presence of abnormal iso anubodics wacneptm 
Transfusion to combat the anemia a\ as indicated and the type of blood to use presented a ptoWon I 
vien of the possibility that the ease might be one of isoscnsitization against a blood factor as yctnois 
cos ered, it w as decided to use the mother s as ashed red cells, because her erythrocytes could not count 
the hy'pothctical immunizing factor The child ssas therefore transfused ssith the ssashed red alii oi 
tamed from loocc of the mother s blood resuspended in saline **On the day foilosving transhisiontis 
hemoglobin had risen to 15 grams per 100 cc Tsso days after birth jaundice ssas found to be present, d 
the hemoglobin had fallen to ii grams per 100 cc A blood smear at this time shossxd that there wee 
X76 nucleated red blood cells per joo sshite cells Periorbital edema appeared and the transfnsioo d 
mother s blood, using the ssashed red cells obtained from 100 cc of blood, svas repeated Responsen 
this transfusion svas good in that the hemoglobin noss rose to 15 5 grams per loo cc and thcrcdcotiii 
toy 67 million per cu mm Hosseser, there still sscreiifi nucleated red blood cells per loosvhiteccllia 
the smear Within tsso day s the nucleated red cell count had fallen to ix per 100 svhite blood cclJsd 
fise days follossing tlic second transfusion nucleated red cells ssere no longer present Fragility teswdoit 
on the tsscnty-first hospital day ssere ssithin normal limits Numerous sickling preparations svetentp 
nse, immediately and after tssenty-four hours Cultures of the nose and throat, stool, and blood fiifai 
to rcscal any pathogenic organisms X-ray of the skull shossed no abnormalities The child s dmiol 
course ssas uncsentful She ss as discharged at the end of the fourth sscek svcighmg 5 pounds 9 oracts, 
ssith a hemoglobin of 10 grams per 100 cc and a red cell count of x 85 million per cu mm Shcfudiw 
jaundice at the time of discharge When seen in the out-patient department, four sveeks after disciiigt, 
she sseighed 8 pounds, i ounce Her hemoglobin had fallen to 9 i grams per 100 cc and her red count ms 
X 9 million per cu mm , but otherssise she seemed ssell 


Comment 


If the Rh factor played the same role m all races as it does in the CaucasiaD,®^ 
would expect the incidence of erythroblastosis in the various races to correspood 
with the frequency of the Rh-negativc type This expectation has apparently M 
fulfilled in the Mongolian race, since erythroblastosis is extremely rare 
these peoples Among Negroids, with a frequency of Rh-ncgative indivi ua^ 
variously reported as between 5 and 10 per cent, one might similarly expect 
incidence of erythroblastosis from one third to two thirds as high as m 
As we have already mentioned, however, erythroblastosis appears to be rare 
Negroes, indicating that considerations other than the Rh type play an 
role in the pathogenesis of the disease It is particularly reraarJcable that 
cases reported here with the clinical picture of erythroblastosis, none 
evidence of Rh sensituiation Somewhat similar observations have been m 

Zuelzer Rh-necativc 

Recent observations indicate that the efficiency of sensitization in 

individuals depends in part upon the amount of Rh-positive bloo 
the body For example, Rh-negative women, who at the first gi-5ive<i 

stillbirths due to Rh sensitization, almost always show a history 0 ajm^ purthef' 
a transfusion or intramuscular injection of blood some time in t that 

more, ex'penments done to produce Rh testing sera in male donors ave 
the great majority of Rh-negative individuals are i hand, the 

spaced injections of as little as z cc of Rh-positive blood n c ^ 0 ^ of 

observation that isoscnsitization by pregnancy appears to pregoafO' 

Z5 to 50 Rh-negative women, may be explained by the fact t a jnaterfla! 

parturition only minute quantities of Rh-positive bloo e 


2-5 

or 
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circulation, and at intervals not necessarily optimal for the stimulation of anti- 
body production Another factor is the constitutional ability or lack of ability to 
be sensitized ” The situation is analogous to that existing in allergic diseases'® or 
infections An overwhelmmg dose of antigen or pathogenic organism will sensitize 
or infect all human beings, a minute dose will affect only the most susceptible 
Accordingly, if one assumes that in Negroid races the placenta offers a better 
barrier to the passage of materials from the fetus to the mother, this would ac- 
count for the rarity of erythroblastosis among these peoples An alternative pos- 
sibility is that among Negroids the frequency of individuals easy to sensitize is 
very low 

Past investigations have furthermore demonstrated that injections of soluble A 
and B substances in small amounts of secretions such as saliva may give rise to 
sensitization to these factors, while corresponding doses of red cells containing 
these substances are inadequate to sensitize Therefore, passage of soluble mate- 
rials from fetus to mother may give rise to A and B sensitization under conditions 
which would be inadequate to cause Rh sensitization, because comparable small 
quantities of red cells would not be antigenic It is therefore significant that 2 . of 
our 3 cases can be explained on the basis of A and B sensitization With regard to 
the third case, no evidence of isosensitization could be obtained, and if erythro- 
blastosis IS strictly defined as comprising chose conditions in the newborn caused 
by isosensitization of the mother by an antigen in the fecal blood, then this case 
does not satisfy the conditions, according to our findings However, there are a 
host of clinical conditions producing jaundice, anemia, hepato-splenomegaly and 
erythroblastemia in the newborn Cases such as this, in which no satisfactory con- 
clusion could be drawn demonstrate that there is still much to be learned in this 
most interesting field. 

SuMMARl 

Three cases of Negroid infants with clinical signs and symptoms resembling 
erythroblastosis fetalis were presented In none of the cases was there an) ciidcncc 
of Rh sensitization Two of the cases were apparently due to sensitization of the 
mother to the B agglutinogen, in the third case no serologic incompatibiht) could 
be demonstrated The possible significance of these obser\ations was discussed 

REFERENCES 

* Wolfe, S A , and Neigus, I Er\throblastosisfcta!is Am J Obsr KG\n 31,15^0 
-Ja\ert, C T Et) throblasrosis neonatorum, an obstctrical-pachological ^tud; of cat;"; Surf;, 

Gjn , fC Obst 74 1, 1941- 

* Lemne, P , Burnham, L , Katzin, E M , a'.d\ ooel, P Thcrolcofisoimmunizarjoo in theparho- 

gcncsis of cr> throblasrosis fetalis Am J Obst AGtn 4- 9-5,1541 

* Burnhavi, L The common cnologs of cr\ throblasrosis and transfusion accidents in p'cenancs 1 

J Obst AG}n 4i 389,1941 

‘ Landsteiker, K , AND WiENTtR, A S A.n agglutinogen in human b!c»od recOtrir-d b\ imr u-e >- . 

for rhesus blood Proc Soc Exper Biol A Med z-j, 19,3 
' , and Studies on an agglutinogen (Rh'' in human blood reaenne uith -"t -s '"a -'■i 

human isoantibodies | Exper Med v loa, 1941 
' Wiener, A S Recent dcsclopnients in the InoxxlcJgc o'' the Rh H- Wosi tip- re' 

tization \m J Clin Path tf 4 19,6 


. , 1 1 



4i8 


ERYTHROBLASTOSIS PETALIS IN NEGROID INFANTS 


8 Nomenclature of the Rh blood types Am J Clin Path 165,1547 

* , SoNN, E B , AND Hurst, J G Pathogenesis of congenital hemolytic disease (erythroblastosis 

fetalis) III Illustrative ease histones of A-D sensitization Studies on Individual Differences m 
Human Blood and Their Applications, Paper No i,xzpp,Julj 15, 1546, Brooklyn, N Y 

, AND Permeability of the human placenta to isoantibodies J Lab A Clm Med }t 

1010, 1546 

** ,AND Pathogenesis of congenital hcmolyticdiseaseCerythroblastosisfetalis)!! IHustratm 

case histones of Rh sensitization Am J Dis Child 71 15,1546 

, AND Hn.fAN, M A Mistreatment of congenital hemolytic disease (erythroblastosis fetalis) ly 

transfusion of Rh-positive blood and maternal serum J Pediat 2p 458, 1546 
Levine, P , and Wong, H The incidence of the Rh factor and er) throblastosis fetalis in Chinese 
Am J Obst A Gyn 4; 831, 1543 
Zuelzer, W W Personal communication 

Levine, P , and Waller, R K Er) throblastosis fetalis in the first-born Blood i 143, 1546 
Wiener, A S , and Sonn-Gordon, E B Simple method of preparing anti-Rh sera in male donors 
Am J Clin Path 17 67, 1547 

Pathogenesis of congenital hemol) tic disease (erythroblastosis fetalis) I Theoretic considers 

tions Am J Dis Child 71 14, 1546 

18 , ZiEVE, I , and Fries, J H The inheritance of allergic disease Ann Eugenics (England) 7 141, 

, SoELE, R , and Poluka, H Simple method of preparing potent blood grouping sera rroc 

Soc E\per Biol A Med 310,1543 



AUTOHEMAGGLUTININS AND HEMOLYSINS WITH HEMOGLOBINURIA 
AND ACUTE HEMOLYTIC ANEMIA, IN AN ILLNESS 
RESEMBLING INFECTIOUS MONONUCLEOSIS* 


By Laxjrence B Ellis, M D , Oscar J Wollenman, M D , 

AND Richard P Stetson, M D 

A CUTE acquired hemolytic anemia is uncommon, but dramatic in its clinical 
xA. picture and often disastrous in its outcome In 1940, Dameshek and Schwartz^ 
assembled about 100 cases reported in the literature since 1907, in which no definite 
etiology was evident In addition, as cited by these authors, cases have been re- 
ported in which the anemia developed in association with definite or probable 
ctiologic factors These include malaria, infections with streptococci, staphylococci 
and certain anaerobic organisms, as well as tuberculosis, syphilis and anchylos- 
tomiasis, also pregnancy, lymphoma, leukemia, carcinomatosis, and, finally^ 
various drugs, especially the sulfonamides but also arsenical preparations, 
phenylhydrazine and acetanilide Hemolytic anemia has also been reported in asso- 
ciation with atypical pneumonia of unknown etiology^- ® and its occurrence in 
patients who have received sulfonamides is well established ^ Studies of these cases 
in regard to the presence of hemagglutinms and hemolysins have given varied re- 
sults 

The case of acute hemolytic anemia with hemoglobinuria which is herewith re- 
ported IS of interest because of the association of the unusual combination of auto- 
hemagglutinins and hemolysins occurring in the presence of morphologic changes 
in the white blood cells and heterophile agglutinins in the blood serum consistent 
with infectious mononucleosis, together with a positive Donath-Landsteiner reac- 
tion and the absence of evidence of syphilis 
The patient was observed during the acute stage of his illness by two of the au- 
thors (O J W and L B E ) and more than two years later by the third author 
(R P S) 


Report of Case 

Present Illness H J H , a 2.1 year old single white male was admitted to an Army hospital in the 
European Theater on January 9, 1945, with a three day history of bloody urine Two wcc{>^ prior to 
admission he had developed an upper respiratory tract infccuon with a nonproducuve hackmg cough, 
headache, moderate nausea and anorexia There was no vomiting until the day before admission when he 
had vomited once without hematamcsis On the evening of January 6, he first noted dark bloodj urmc, 
unaccompanied by urgency, frequency, dysuria or nocturia The dark urine continued for the three da) s 
prior to admission During this interval he developed a steady aching pain in the epigastrium and in the 
lumbar region Generalized weakness and dyspnea on exertion became modcratcl) distressing, but he 
continued on duty until admission At no time did he experience chills, fever, icterus, or S) mptoms refer- 
able to the lower intestinal tract His weight had decreased from his usual iz8 pounds to 105 pounds on 
admission 


From the Thorndike Memorial Laborator) and the Second and Fourth Medical Services (Harvard) 
of the Boston City Hospital, and the Department of Medicine, Harvard Medical School 

* This patient was observed from Januar) to March, 1945, in an Arm) Hospital in the European 
Theater of Operations and subsequentlv in 1947 in a Veterans Administration Hospital 
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Past History In 1937 he hid an uncompltcitcd appendectomy, in 19^1, a hcmorrhoidcctomr 0 
July ai, 1944 he \Ms admitted to an Army General Hospital with lymphadenitis of the right am a 
was discharged well on August 10 On August 14, 1944 he developed impetigo and was trcated wn! 
ammoniatcd mercury and ultra Moiet light until September 16, 1944 when he was discharged as wtii 
From September until the present illness, approximateh four months later, he enjoyed good health Ii 
November, 1944 his attention hid first been called to asy mpcomatic enlargement of his finger tips whicl 
hid not changed since, to hts know ledge 

During the few' days immediately preceding entry, he had dctelopcd a generalized pruritic sU fcsm 
which, on admission, prosed to be scabies During his three years of army service he had never id 
tropical service, and he had not been exposed to any known hemolytic agents He had received no sal 
fonamidc drugs for at least six months prior to his illness His diet had been adequate Alcohol had not 
been used habituaih nor in excess immediately prior to the present illness There was no history of tck 
real disease He had never experienced an illness similar to the present malady, nor had he cvci beta 
seriously ill 

Family History No similar illness was known The familial history was noncontrihutory 

Physical E>.ammatioii Temperature 99 4 F , pulse 110, respiration lo, blood pressure iiomni ofnsr 
cury systolic and 70 mm diastolic He was ambulatory and complained chiefly of weakness He did cot 
appear acutely ill but was pale and slightly icteric Scabctic furrows and scratches were present ovenbe 
trunk and extremities (^Subsequent treatment for scabies led to rapid clearing )The mucous memkian 
were moderately pale but presented no evidence of hemorrhage or ulceration There was a non tender 
left infra-auricular lymph node approximately i cm in diameter No other lymphadcnopithywisde 
tected The thyroid w as not enlarged The chest w as sy mmctrical and the examination of the lungs was 
normal The heart was not enlarged There was a strong apical impulse and a blowing apical spidt 
murmur was heard on auscultation The abdomen was scaphoid with an indefinite epigastric teadenica 
The liver and spleen were palpable only on inspiration and were tender The kidneyscould be palpated 
but were not enlarged or tender The genitalia were normal The fingers presented a striking tcrmuil 
enlargement characteristic of clubbing, the nails appeared otherwi'c normal The toes did notsbow 
similar changes The extremities were not cold or sweaty Examination of the long bones, skuii, tk 
muscular and the neurologic sy stems was not remarkable There was no demonstrable edema or CYidnice 
of dehydration 


LABORATORl DATA 


Methoils Em flay III References arc given below to the technical methods employed in the labotattaT 


examinations 


Urnie Examination hemosiderin (Rouss tcchnic^J, porphy rins®, alkapton bodies^, bile ( osen 
modification of Gmclin s test*), urobilinogen (Wallace and Diamond modification of Ehrlich ' f 
test*), hemoglobin in plasma and urine’, indican (Obermayer s test*) 

Blood Examination hemoglobin (alkaline hcmatin method usmg a Coleman spcctrophocomc 
cell fragility*, erythrocyte count (Hayem's solution), platelet count®, bleeding time 
clotting time®, hematocrit and sedimentation rate (Wintrobe method*), test for sickle ce jra^^ ^ 
Serologic E'camination heterophilc agglutination, presumptive test (Davidsohn tee me 
ath-Landsteiner®, hemolysis test with acidified scrum’, cold hemagglutinins 

Other methods employed were either too well known to require comment or arc eser 
text 

Hematologic data during this hospitalization are given in table i and figure i 


RESULTS 

I Antmia The anemia was obviously hemolytic in type as evidenced bf ^ 
hemoglobinuria, and became profound on the day following (-ettt b} 

globin dropping from ix 1 grams per cent at 10 00 a m to 5 9 timf 

3 *00 p M of the same day At this time blood platelets were 
one minute, clotting time five and one-half minutes (capillary tu 
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4ZZ UNUSUAL PICTURE IN POSSIBLE INFECTIOUS MONONUCLEOSIS 

traction normal The osmotic fragility test of the patient’s red blood cells wis 
identical with the control on the second hospital day, on three subsequent oc- 
casions within the next month, and two years later, in 1947 During the first two 
days difficulty was encountered in performing erythrocyte counts due to clumpio^ 
of the cells in the pipet at the room temperature of approximately xo degrees Cmii 



grade Subsequently warm saline solution was employed as a diluent aod 

were then satisfactorily made ^ nsfustofl* 

The course of the anemia is shown in figure i Therapy consiste ° j 

of whole blood and concentrated red cells as described below, iron t era 
high caloric, high vitamin diet 

% Morphology of the Blood Examination of the morphology 0 p}jj-onut 
was not striking The anemia was essentially normocytic and ^^efC 

the red blood cells appeared morphologically normal No nucleate re 
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observed The reticulocytes rose during the first and second week as shown in figure 
I There was an initial leukocytosis on January 10 of 24,300, with a differentid of 
segmented polynuclear cells 31 per cent, eosinophiles x per cent, lymphocytes 64 
per cent, monocytes x per cent The lymphocytes were typical of the cells seen in 
infectious mononucleosis the majority conformed to Downey’s Class a small 
percentage were Class II and III The leukocyte count did not exceed 10,000 per 
cubic millimeter after the second week and the relative lymphocytosis with the 
atypical lymphocytes gradually disappeared 
3 Hetnaggluttmns and Hemolysins On admission hemagglutmins in the patient’s 
serum with red cells of blood group O were demonstrated in a dilution of i i56 at 
4-6 degrees Centigrade Clumpmg also occurred at 10 and xo C and persisted when 
the test was carried out in the incubator at 37 C When preparations which pre- 
viously had been chilled at 4-6 C were subjected to a temperature of 37 5 C for one 
hour the clumping persisted and hemolysis occurred There was no hemolysis at 4-6 
C After subjecting the patient’s serum to a temperature of 56 C for inactivation of 
serum complement hemolysis was not observed but agglutination reactions were 


Table i — Presumfttve Donalb-Landstctntr Test* 


Temperalure Condtltons 

j Plasma Bemoglohtn of Defibnnated Blood 

Patient j 

j Control 

Room temperature 

mg per 100 cc 

70 

mg per 100 c- 

XI 

I hr at 37 5 C 

90 

xr 

lo mm at 4-6 C , then i hr at 37 5 C 

370 



* Two cc samples of defibnnated blood from the paaent and a norma] control were treated as 
indicated 


maintained The hemagglutination against red cells of blood group O dropped to 
1 64 by January 14, where it remamed throughout this hospital admission 

The presumptive (table x) and more complete Donath-Landsteiner tests (table 3) 
were strongly positive on admission, gtunea pig serum was not available for addi- 
tion as a source of complement to the heat inactivated serum Donath-Landsteiner 
tests were repeated seven weeks later, with the same positive result The Kahn 
and Wassermann tests were negative on four occasions during this month, and again 
in December, 1945 and January, 1547, and there was no history or physical sign of 
syphilis 

The relationship between chilling of the patient and the development of in- 
creased hemoglobincmia and hemoglobinuria was explored but unfortunately with- 
out conclusive results During his hospitalization the patient was exposed to the 
usual environment of a drafty Nissen hut ward heated by coke stoves in England in 
the winter During the first day of his stay he was a bed patient, ’ but was rather 
recalcitrant and difiicult to keep in bed The opportunity for chilling undoubtedly 
existed No hemoglobmuria was present after the fourth hospital day Obvious 
hemoglobincmia was observed on admission and on several occasions during the 
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first four days of hospitalization Subsequent observations of the plasma showed 
moderate hemoglobinemia, above the level of controls, until January i6 Qoantita 
tive results are not reported because of difficulty in preparing a proper knzidinc 
reagent ^ An attempt was made to test the effect of chilling by placing the patient's 
arm in ice water on March 13 The experiment had to be terminated in fifteen mm 


Tahle 3 — Dotiatl)'Laiiiist(in<r Test 


Tube 

number 

suspension in 
saline 0 5 tc 

Scrum— fresh 
OJ cc 

Scrumf— heated 

5 mm 

at 50 ° 0 5 cc 

OcKree of 
hcmoijsis 

Treatment of muttrts 

I 

pt 

P 


0 


z 

c* 

P 


0 

Incubated i br 

3 

p 

C 


o 

at 37 5 C 

4 

c 

C 


0 


5 

p 

P 


1 + 

Chilled zo nun at 4-6 C, 

6 

c 

P 

I 

1 2 .+ 

7 

p 

c 


o 

incubated i hr 11375 C 

8 

c 

c 


0 


9 

p 


P 

0 

Chilled loroin at 4 -fiC, 

10 

c 


P 

0 

II 

p 


c 

0 

incubated i hr at 37 5 ^ 

11 

c 


c 

0 

- 


* P = Picicnt, C =■ Normal Control, red cells washed three times in physiologic saline at roo® 


temperature Doth blood samples Group A 

t Guinea pig serum w as not a\ iilable as a source of complement 


Table 4 — Observeittous Fel/owm^ Immerston of Ktght Arm tn let JV ater (Marcb is, 



Before test 

Right arm immersed 10 mm 


Rjnht arm 
blood 

Left arm 
blood 

Hemoglobin, Gm % 

13 x8 

11 96 

li 64 

RBC, millions 

4 05 

4 Oi 

3 88 

Hematocrit, % 

37 

37 

37 

Plasma Hgb , mg per 100 cc 

48 

58 

59 

Reticulocytes, % 

Z X 

z z 

a- 4 

Urine hemoglobin 

Urobilinogen 

Ncg 

I 40 


_l 


Right arm 1 *’®* 
after 

chiUmS 15 


II 

3 7 ^ 
35 

70 
1 0 
Ne^ 

I 4^ 


utes because the patient fainted No hemoglobinuria developed an t 
the red blood cell count and level of free plasma hemoglobin were 
4) The high levels for plasma hemoglobin in all control samples to 

to result from the benzidine reagent as mentioned above, precautions 
prevent hemolysis in obtaining the blood samples 

As shown in table 5 , the hemolysin was absorbed from the 
C by normal group A red blood corpuscles and was not remove f 
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in saline at room temperature The hemolysin was active only in the presence of 
complement since inactivation of normal serum at 56 C prevented the hemolysis 
which occurred with fresh unheated serum 

4 Heterophtle Antibody On admission, the heterophile agglutination was positive 
in a dilution of i 102.4, and remained at that level 10 days after admission on Jan- 
uary 19 On February 10 it had fallen to i il8, at which level it persisted through- 
out his stay in this hospital Unfortunately, it was not possible to absorb the serum 
with guinea pig kidney or ox cells to determine the variety of heterophile 
antibody 


Table 5 — Absorption of hemolysin (March 12, 194s') 


Tube 

number 

RBC — 5 % suspension in 
saline Oi cc 

Serum — 
fresh 0 5 
cc 

Serum — 
heated S 
mm S6C 
OJ cc 

Treatment of mixtures 

Hemolysis 

I 

c* 

■ 


Chilled ao min at 4-6 C, in- 
cubated I hr at 37 5C 

+ 

-L 

c 

1 

P 


ChiUed to 4-6 C , centn- 
fuged, scrum and cells sep- 
arated at 4-6 C = P2and 

C2 

0 

3 

P fresh 

hO 

“ 


Chilled lo min at 4-6 C , in- 
cubated I hr at 37 3 C 

^ 0 

4 

C2 (Washed 3 times 
insahne, X5C) 

C 


Incubated i hr at 37 5 C 

+ 

5 

C fresh 

B 


Chilled 7.0 min at 4-6 C , in- 
cubated 1 hr at 37 5 C 

0 

6 

C2 (Washed 3 times in 
sahne) 


c 

Incubated i hr at 37 5 C 

0 


*P = Patient, C = Normal Control, red cells washed three umes in physiological saline at 
room temperature Both blood samples were Group A 


5 Blood Grouping and Transfusion Therapy Upon admission blood grouping with 
rabbit immune sera and washed red cells of the patient at 37 C indicated that 
the patient belonged to blood group ‘ O ” The same group was recorded on his 
Army Identification tag Later, it was demonstrated both by us and the North East 
London Blood Supply Depot that the patient was, in reality, blood group A, as 
demonstrated by high titer grouping serums No studies were made to determine 
the possible subgroups Ai and Ao 

In spite of hemagglutination demonstrated at room temperature and at 4-6 C , 
It was evident that transfusions were necessar)'- to combat the rapid fall of 
the hemoglobin Since the initial blood group was considered to be group 0 , 1500 
cc of group O blood, warmed to body temperature, was given on the e\ening of 
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Subsequent Course and Present Condition The paticntwas evacuated to a hospital m the United States as 
an ambulatory pauent on March it., 1945 There, in April, the heterophile test was sull positive (titer 
unavailable) and scrum phosphorus, calcium and alkaline phosphatase determinations were normal, as 
was an electrocardiogram Roentgenograms showed widespread slight osteoporosis of the tibiae, fibulae, 
lumbar vertebrae and skull Biopsy of a lymph node from the right ingumal region was reported as 
showing subacute inflammation, not inconsistent with mfcctious mononucleosis He was transferred 
to another hospital in December, 1945 when he developed a fissure of the rectum and hemorrhoids and 
was operated upon uneventfully At this time, the scdimcntauon rate was 32. millimeters per hour, 
whole blood chlorides 479 milligrams per cent, COj combining power 61 volumes per cent, scrum phos- 
phorus 3 8 milligrams per cent, scrum calcium ii 3 milligrams per cent, and urea clearance test was 72. 
per cent of normal Sternal puncture was negative and a modified Donath-Landstcincr test was now 
negative Durmg this entire period he remained weak, underweight, developed pains in his legs of in- 
creasing seventy, clubbing of the toes was observed at that time with an apparent mcrcasc in the clubbing 
of the fingers He was discharged from the Army in January, 1946 

On JanuaT)' ii, 1947, he entered a Veterans Administration Hospital for further study, where he 
remained until March 7 His complaints were persistent aching m the legs, a pressure sense in the rectum 
with frequent mucoid defecations, listlcssncss, nervousness and chronic fatigue On physical examination 
he appeared somewhat agitated, there was audible hypcrpcristalsis and tenderness upon palpation of the 
rectum and prostate, clubbing of the fingers and toes, cold, clammy hands and feet, and marked ' 
adenopathy in the inguinal, femoral and posterior cervical regions 

Extensive laboratory studies were made at this time * They arc shown m table i In essence, all 
hematologic studies were then withm normal limits Sue serologic tests for syphilis were carried out 
and were negative (Kahn, Kolmcr, Kline, Eagle, Hmton, Mazzini) Stool examination showed mucus 
but no blood, paiasitcs or ova Sigmoidoscopy was normal 

Roentgenograms of the chest including bronchograms were normal The hands and feet and long 
bones showed clubbmg of the terminal phalanges of all fingers and toes, and there was expansion of the 
carpal and metacarpal bones with coarseness and trabeculations and thickcnmg of the cortex The skull 
had a some what granular appearance A barium enema revealed a spastic colon 

Discussion 

Did this patient have infectious mononucleosis? The heterophile antibody de- 
creased coincident with the decrease in serum hemagglutinins but at all times it 
was positive in much higher dilution than was the hemagglutinin Belk,^'* in 
studymg a patient convalescent from infectious mononucleosis, found not only 
heterophile agglutinins and hemolysins against sheep, horse, rabbit and pig cells, 
but also autoagglutinins which were active below 10 Centrigrade, but not at 37 
He suggested that a nonspecific stimulus in this disease might result in a widespread 
production of antibodies In a study of cold agglutinins. Favour^® found them 
present in four of ten cases of infectious mononucleosis, with a maximum titer of 
1 180 Springyam et al have demonstrated them in seven cases of this disease 
In their search for cold hemagglutinms in various disease states, Finland and his 
associates^- found none in the three cases of infectious mononucleosis which they 
investigated Davidsohn^^ found the titer of isoagglutinins normal in 44 cases of 
infectious mononucleosis 

The morphologic white blood cell picture of hemolytic anemia is usually de- 
scribed as an absolute and relative polymorphonuclear leukocytosis An absolute 
and relative lymphocytosis, as seen m our patient, is unusual, and the presence of 
atypical lymphocytes, characteristic of those found in infectious mononucleosis is 

* Man\ of the tests tsere generoush made b} the Blood Laborator\ of the Pratt Diagnostic Hospital, 
Boston 
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even more unusual Dameshck'' has reported an instance of hemolytic anemia id; 
patient with infectious mononucleosis who had also received sulfadiazine l\ 
potent ISO- and autohemagglutinin especially active at ice box and room tempcn 
tures was present in the scrum He felt that the drug played an important role in 
the production of the anemia With this exception, no instances of hcmolTiic 
anemia occurring in infectious mononucleosis have come to our attention In 
their review of hemolytic anemias Dameshck and Schwartz^ cited none In bn 
monograph on infectious mononucleosis Bernstein’® stated that "anemia of anyap 
preciablc degree docs not appear unless associated with some complicating feature 
such as hemorrhage of dietary deficiency ” 

The evidence in this case suggests the possible diagnosis of infectious monona 
cleosis although it cannot be proved It was not possible to classify thebctctopbik 
antibody by absorption studies " Although there was a history of an upper rcspira 
tory infection two weeks before the first hospital admission, there was insuffiacai 
evidence to establish a diagnosis of atypical virus pneumonia Since no other cuo- 
logic factor for his hemolytic anemia was evident, a causal connection between bis 
anemia and the development of abnormal scrum antibodies is suggested, possibly 


related to a disease resembling infectious mononucleosis 

Another feature of interest is the positive Donath-Landstciner reacuon Such 
reactions usually have been found in cases of paroxysmal hcmoglobmuria asso- 
ciated with syphilis,’ although a few instances of its occurrence in hemolytic sya 
dromes in the absence of syphilis have been reported In our patient there was no 
evidence of syphilis Scats and Wasserraan,” who estimated that pi per cent of casts 
showing a positive Donath-Landsteincr reaction have an associated syphilis, wck 
of the opinion that fundamentally different antibodies arc responsible fot 
hemagglutinins and a positive Donath-Landsteiner reaction They found but ^ 
case in the literature in which both have been reported’® and refer to one 
case with a positive Donath-Landsteincr reaction in which cold hemagglutmati 


at from o to 3 Centigrade was observed 
A relationship between the clubbing of the digits and the blood 
unlikely The presence of cold hemagglutinins and the occurrence of hemoytm^ ^ 
festations have been described in patients with peripheral vascular 
pccially of the vasospastic type such as Raynaud’s disease 
thropy IS generally considered to be related to abnormal circulation to 
but the association of clubbing with peripheral vascular disease is , 
the present instance the clubbing preceded the acute hemolytic crisis jjjj 

after the hematologic abnormalities had disappeared and the hemagg 
diminished to a very low titer This patient showed no evidence 0 gnd 

cular disease other than a tendency toward moderately cold and ‘'f episode 

feet, with hyperhidrosis of the palms developing after his acute hcmol)'^*'' 

It IS hardly tenable to relate the association of the bone changes to ^ js 

anemia or an illness resembling infectious mononucleosis unless t j.],i-odic bu' 
advanced that there was an underlying circulatory dystrophy wi 
minimal production of hemagglutinins which gave rise to a process 

the concentration of these antibodies was increased by the acute 
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Summary and Conclusions 

A case is reported of a young man with acute hemolytic anemia and hemoglobin- 
uria who presented an initial blood picture consistent with infectious mononucleo- 
sis, associated with a heterophile agglutination test positive in high' dilution, 
auto-hemagglutinins, active in the cold, at room temperature ahd at 37 Centigrade, 
a hemolysin active at 37 C after chilling, requiring the presence of a thermolabile 
component of serum for hemolysis, a positive Donath-Landsteiner test but no evi- 
dence of syphilis In addition there was clubbing of the digits with certain other 
roentgenologic changes in the bones, absence of any other etiologic factors known 
to be concerned with such anemia, uneventful improvement under massive trans- 
fusion therapy, with apparent recovery from his hematologic disorder when 
studied two years later 
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PRIMARY NONFAMILIAL HEMOLYTIC ANEMIA 

J M Stickney, M D , AND Frank J Heck, M D 

A lthough patients with hemolytic anemia are not numerous, they continue 
to be a problem of special interest and great difficulty In the majority of cases 
the disease is of the familial or congenital type The commonly accepted criteria for 
the diagnosis of congenital hemolytic anemia include the presence of a microsphero- 
cytic blood picture with an increase in signs of regenerative activity, increased 
fragility of the erythrocytes in varying concentrations of hypotonic saline solu- 
tion, splenomegaly, an elevated value for indirect serum bilirubin with an in- 
creased excretion of fecal urobilinogen, and a history of anemia, icterus, spleno- 
megaly or increased fragility of erythrocytes in other members of the patient’s 
family 

In the differential diagnosis of the different types of hemolytic anemia, the ques- 
tion not infrequently arises as to whether an mdividual instance of the disease 
should be regarded as belonging to the congenital or familial type or to the ac- 
quired type As Watson pointed out, there has been a tendency to regard all in- 
stances of “primary hemolytic jaundice as of familial or congenital type ’’ There 
are, however, no clear-cut criteria to which all writers on the subject agree In 
some cases in which the family history is negative but other criteria are present, 
the disease is classified as acquired It must be admitted that a negative family 
history is not a definite indication that the disease is of the acquired type since 
actual investigation of close relatives may reveal such changes as increased fragility 
of the erythrocytes in the absence of other findmgs 
In the years x^^2. through 1946, at the Mayo Clmic, splenectomy was performed 
m 2.Z cases of hemolytic anemia in which no positive family history could be ob- 
tained These xi cases are the object of our special interest * As far as could be de- 
termined, the hemolytic syndrome in these cases was not secondary to any toxic, 
infectious or poisonous agent and was not symptomatic and part of a primary dis- 
ease such as lymphoblastoma, leukemia or hepatic cirrhosis 

We have divided these cases into two groups which happen to be equal in 
number In the first group, either microspherocytosis or increased fragility of the 
erythrocytes or both were found In the second group, such evidence was not pres- 
ent The groups are summarized in tables i and x 

Report of Selected Cases 

Case } The patient was a mamed vi oman, aged 35 There w as no farailj historj of anemia, jaundice 
or splenomegaly In November, 1540 she complained of \\cakness and malaise She \sas jellowish and t\as 
found to be anemic On March 10, 1541, the erj throc) tes numbered 790,000 and the Icukocj tes num- 
bered 77,750 per cubic millimeter of blood Manj transfusions ere gi\ en ot er a period of one month tMth 
moderate benefit Phjsical examination disclosed that the spleen ^\as enlarged and extended about 
inches below the costal margin 


From the Dit ision of Medicine, Ma) o Clinic, Rochester, Minnesota 

* In the )ears 1942. through 1946, a diagnosis of congenital hemoh tic icterus was made in 115 ca-^s at 
the Ma)o Clinic Splcnectom) w as performed in approximate!) 90 of these cases 
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When she %vas ndmitted to the hospital on May i, 1541, the hemoglobin s aluc was 1: 05 Gm wna 
cc , the crythrocy tc count was 3,1^0,000, the leukocyte count was 7,500 and the reticulocytes nmnM 
17 6 per cent Examination of a blood smear showed the picture of congenital hemol) tic icterus (micro, 
spherocytosis) The scrum bilirubin \aluc (indirect reaction) was o 9 mg per 100 cc of serum Thebrom. 
sulfalcin test for liver function did not show any retention of the dye The fragility of the erytlirocytts 
was normal, initial hemolysis occurred at a concentration of sodium chloride of o 44 per cent with com 
picte hemoly sis at o 31 per cent Splenectomy was performed May 5, 1941, the spleen weighed 310 Gm 
The patient had a stormy convalescence but was dismissed June ai, 1941, without hating been giitnaaf 
transfusion At that time, the hemoglobin a aluc w as 10 6 Gm and the erythrocy c count was 3,700,000. 


Table j — Htmolyttc Anemta with Significant Mtcroiffiemc^tesn 


Cau 

.isc 

Scj- 

1 Jie/ore splenectomy 

AJIer splenectomy 

Hemo 
gfobm, 
Gm 
per 
100 cc 

Trythroci tes 

RcUc- 

ulo 

cjlcs 

Gall 

stones 

Time 

fol 

lowed 

Hemoglobin, 
per JOO cc 

Er>-thto- 
O’tes, No 
percu nun 

Result 

?so per cu 
mm 

FraRilit> • 


irs 




r* 

/o 

% 


fnos 




I 

x6 

F 

3 9 

1,390,000 

0 46-0 38 

^5 

0 

13 


4, 100,000 

IraprovemcDt 

2. 

3 ° 

F 

6 0 

1,530,000 

0 50-0 38 

61 

0 

30 


4,000,000 

Excellent 

3 

35 

F 

II 0 

3,140,000 

0 44-0 31 

18 

+ 

IX 

8 3 Gm 

1,740,000 

Poorf 

4 

39 

F 

8 4 

1,5x0,000 

0 50-0 38 

51 

+ 

I 

10 8 Gm 

4,510,000 

IraprovemcDt 

5 

39 

F 

8 3 

1,710,000 

0 46-0 31 

32- 

0 

9 

84% 

3,537,000 

Excellent 

6 

54 

F 

8 4 

1,900,000 

0 46-0 36 

1-4 

-f 

16 

88% 


Excellent 

7 

59 

F 

6 3 

3,850,0000 48-0 36 

3 

0 

11 

11 5 Gm 

3,850,000 

Excellent 

8 

60 

M 

6 8 

1,000,000 0 50-0 34 

37 

0 

2-4 

90% 

5,000,000 

Excellent 

9 

61 

F 

4 9 

1,640,000 0 66-0 40 

40 

0 

4 

13 6 Gm 

3,760,000 

Eicellentt 

JO 

65 

F 

6 0 

1, 510,000 

0 %C 3-0 l6 


0 




Died Sthpost 












opcrinvc 












day Tritu 












fasionrcjc 












acuoD 

II 

74 

M 

4 3 

1, 150,000 

0 50-0 36 

2-7 

0 

14 

60% 

L, 800, 000 

Fair 


* In hypotonic solution of sodium chloride 
t Reported in detail in text 


When the patient returned to the clinic on August ii, 1941, the hemoglobin value 
erythrocyte count was 3 ,430,000 and the rcticulocy tes numbered 6 5 per cent On Septem 
hemoglobin value was 10 Gm , the erythrocy tc count was z,6io,ooo and the r:tiCulcK)'tCi nu ^ 
per cent The fragility of the erythrocytes had increased, initial hemolysis occurre at^^ 
was complete at o 36 per cent On May 9, 1941, the hemoglobin value was ® 3 ® 5,1^ 

count was z,740,ooo and the reticulocytes numbered 2.8 8 per cent The value foe t c ^isci k 
nibm was i 8 mg Examination of blood smears revealed typical microspherocytosis an 

generation of erythrocytes rn, re was about the s*® 

In a letter dated February 7, 1945, the patient stated that her hematologic pictu 
as It had been before splenectomy was performed 

Of ifltcrcsi ih 

Case 3 illustrates the failure of splenectomy to relieve the anemn ^ 
this case are the presence of normal fragility prior to ^plenectomy ao pf 

in fragility after removal of the spleen Despite the absence 
hemolytic anemia in this case, the blood picture was considere typ 
hemolytic icterus” by several observers 
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Case p A married woman, aged 6 i, came to the dime on December 3, 1546 She had been perfectly 
well until the previous summer, when she had noted a loss of strength and loss of appetite In the fall, of 
1546, she had become very thirsty On October 31, she had been admitted to a hospital because of diabetic 
coma The blood sugar value was 310 mg per 100 cc The presence of diabetes had not been recognized 
previously Hematologic exammation had disclosed severe anemia, the hemoglobm value had been found 
to be 5 6 Gm She had not been jaundiced previously and there was no family history of anemia, jaundice 
or splenomegaly The diabetes had been controlled by dietary measures and by the administration of 
insulin She had received eight transfusions of blood, 500 cc at each transfusion The last transfusion had 


Table 1 — Hemolpttc Anemia without Significant Microspherocytosis 





Before splenectomy 

A fler splenectomy 
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Age 
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globin, 
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mm 
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Hemoglobin, 
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Result 
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% 

% 
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12. 

4 

F 

8 I 

0 

0 

0 

0 

0 40-0 i8 

13 

0 

2-4 

5 8 Gm 

i, 380, 000 

Poor Ex- 












plorcd for 
accessory 
spleen 

13 

13 

M 

10 3 

3,X7o,ooo 

0 44-0 30 

10 

-b 

2-4 

10 6 Gm j 

X, 980, 000 

Poorf 

14 

19 

F 

I 4 3 

00 

8 

0 

0 

0 

0 46-0 36 

40 

0 

IX 


3,750,000 

Excellent 

15 

XI 

F 

8 8 

0 

8 

0 

0 44-0 34 

32- 

0 

i -3 

78% 

4, ixo, 000 

ExccUcntf 

16 1 

Ml 

F 

ill 9 

I4, too, 000, 

0 44-0 3X 

5 

+ 

4 

13 8 Gm 


Improvement 

17 

33! 

M 

6 3 

i,L10,000 

0 44-0 3X 

17 


40 

14 8 Gm 


ExccllcntJ 

18 

34 

F 

II 6 

3,350,000 

0 4X-0 30 

IX 

+ 

18 

78% 

3,400,000 

Fair One 











episode of 
jaundice 


19 

40 

F 

4 9 

1,560,000 

0 44-0 30 

30 

0 

4 

11 oGm 


Died of intcs- 












tinal ob- 












strucuon 

2.0 

46' 

F 

8 I 

3,830,000 

0 48-0 x8 

3 

+ 

I 

II 05 Gm 

4,910,000 

Unknown 

XI 

54 

F 

5 5 

1,340,000 

0 44-0 30 

30 

-f 

IX 

IX 9 Gm 

4,030,000 

Excellent 

XX 

59 

F 

4 7 

1,5X0,000 

0 44-0 3X 

31 

0 

4 

10 X Gm 

4,000,000 

Died of scrum 












hcpautis 


* In hypotomc soluaon of sodium chloride 
t Reported in detail in text 

t Course following splenectomj reported through courtes) of Dr C J Watson 


been admmistcrcd on November 15 Despite the lack, of clinical evidence of transfusion reactions, the 
anemia had not improved 

When the patient came to the chnic on December 3, the hemoglobin lalue was 4 9 Gm , the erj thro- 
c) tc count was 1,640,000 and the leuLocj tc count was ii,zoo Examination disclosed moderate icterus 
The spleen w as greatly enlarged and extended downward to the crest of the ilium Examination of blood 
smears disclosed marked microspherocj tosis, icr^ active regeneration of erj throc^ tes, and 40 per cent 
reticuloc} tes The serum bilirubin \alues were i 4 mg direct and 3 9 mg indirect Afragiliti tcstsho^ cd 
initial hemolj sis at o 66 per cent and complete hemol} sis 31036 per cent The bromsulfalein test for In cr 
function did not disclose anj d) e retention During the first fortj -eight hours in the hospital , the a\ erage 
amount of fecal urobilinogen excreted each twcnt}-four hours was 4,800 mg , during the next forts -eight 
hours, thisaaeraged i.ixomg No irregular agglutinins were demonstrable 

The diabetes was carefull) controlled Splenectomj was performed on December 13 The spleen 
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weighed 1,570 Gni The postopentne convalescence was uneventful and no transfusion of blood 
administered The amounts of urobilinogen excreted in the feces were as follows on December 17301! 
1.30 mg per twenty-four hours, on December 19 and 10, 85 mg per twenty-four hours, on Defcmlw 
and zz, 45 5 mg per ewent) -four hours 

On December X3, the \ alue for the indirect scrum bilirubin waso 6mg When thepauent wasdismo 
on January 4, 1947, the hemoglobin aalue was 8 7 Gm and the er>throc)tcs numbered 1,900c 

In a letter dated March 17, 1947, the patient stated that her blood picture had improscd The bn 
globin value w as 13 6 Gm , the cri rhroc} re count w as 3,760,000 and the Icukoc) tc count was 11,600 

In ease 9, which belongs to the microspherocytic group, the result has bceot 
ccllent In this group, the results of splenectomy as a whole were considered goc 
In 9 of the II eases, the patients were women There was one death in this groi 
and in one case (case 3) the patient was not improved In case ii the patieatw 
improved but did not obtain an excellent result 


Cast 1} A bo) , aged II, came to the clinic Julj 31,1941 He had had intermittent attacks of jitunJ 
since the age of 1, when he had had a febrile illness which had been diagnosed as Malta fcser Tbc< 
dinar) contagious diseases of childhood, such as whooping cough, measles and scarlet f:i’cr,carlit 
been followed b) jaundice The jaundice also had occurred after an infection of the upper part of tki 
spiratory tract 

When the patient w as examined at the clinic, he ss as slightl) icteric and the spleen could br palp'' 
iinches below the costal margin The hemoglobin \aiuc was 10 5 Gm , the cr)throc)tc count was 3,171 
000 with 10 percent rcticuIoc)tcs, and the leukocstc count was 5,400 Examination of a blood smear di 
closed active regeneration of the cr) throe) tes but no microsphcroc) tosis The indirect scram biiimb 
xalue was z z mg and the bromsuifaiein test for iner function disclosed no d)c retention Thefira|ilii 
of the cr) throcytes was normal It was felt that the patient had hemol) tic anemia of an acquired typ 
Splcncctom) was adsiscd 

The patient returned to the clinic Mi) x), 1944 In August, 1943, he had had an attack ofepi?*'^ 

pain He had been markcdl) jaundiced and his temperature had reached 103 “F After ten days he ha ® 
a rapid rccoscry Examination disclosed hematologic findings as the) were at the time 

first visit to the clinic w ith the exception that the indirect scrum bilirubin \ alue was 5 5 mg p 

was performed on May X9 The spleen sscighcd x66 Gm When the patient was dismissed, 
the hemoglobin and the cr) throcyte and Icukoc) tc counts were the same as the) had been w c 

ticnt came to the clinic but the indirect serum bilirubin value had dropped too 5 mg aMoise 

He returned to the clinic Jul) 19, 1944, because of an attack of pain in the upper part 0 ^ 
and jaundice At this time, the hemoglobin x^aluc was ix 3 Gm , the cry throc) tc count )j( 

the Icukoc) tc count was ii,Soo Macrocytosis of the cry throcytes w'as obsened for t e 
change in the hematologic findings was observed when the patient was seen again on 
Attacks of jaundice had continued to occur The patient s grow th has continued in an appa 


manner 


she had hai 


, Case IS A married woman, aged XI, came to the clinic April xo, 1945 

a miscarriage at the fourth month of pregnancy During the pregnancy, her parents a Sheh**^ 

had appeared yellow After the miscarriage, she had lost weight and had become 

been treated for anemia There was no family history of hemolytic anemia Scro ogic tc 

both the blood and spinal fluid had been strongly positive, and antis)"philitic denied ik 

istcrcd intramuscularly There was no personal or family history of sj^bilis an ^ ‘ 

possibility of contact infection Between March zj and April li, i 945 > ^ these 

of blood in nine transfusions She had been told that her hemoglobin value was ow'e 

fusions than it had been previously ervthroc) te 

When she was examined at the clinic, the hemoglobin value was 8 8 Lrm , ^ tnark-ed 11 ^" 

X, 5x0,000 and the leukocyte count was 8,xoo Examination of a blood abundant 

in the regeneration of the erythrocytes and a regenerative macrocytosis 
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immaturity but no evidence of microspherocytosis The mdirect serum bilirubin value was i 6 mg The 
fragility test revealed that hemolysis began at 044 per cent and was complete at o 34 per cent The brom- 
sulfalein test disclosed no dye retenuon The Kline, Kahn, Hinton and Kolmcr serologic tests for syphilis 
were negative 

On May i, the hemoglobin value was 4 5 Gm , the erythrocyte count was 1,470,000 with jz z per cent 
reuculocytes, and the leukocyte count was 7,300 The amounts of urobilmogen excreted in the feces were 
as follows On May i and z, 854 mg per twenty-four hours, on May 3 and 4, 641 mg per menty-four 
hours A transfusion of 500 cc of blood was administered on three occasions between May 3 and May 5 
Splenectomy was performed on May 9 The spleen weighed 670 Gm Another transfusion of blood was 
given on May zi 

The patient was greatly improved when she returned to the clinic for examination on October 14, 
1945 The hemoglobm value was li 7 Gm , the erythrocyte count was 4,6x0,000 with 8 6 per cent reticu- 
locytes and, the leukocyte count was 11,900 In the blood smear there was active regeneration of the 
erythrocytes with many macrocytes The amount of urobilmogen excreted in the feces was determined 
for a period of four days The average amount was 147 mg per twenty-four hours The mdirect scrum bili- 
rubm value was o 45 mg 

On March 13, 1947, the patient s family physician informed us that the hemoglobm value was 78 per 
cent and that the erythrocyte count was 4,110,000 

In the group of cases without significant microspherocytosis, females again pre- 
dominated The higher incidence of this disease among females has also been noted 
by Fowler In this group, the results have not been as good as they were in the 
microspherocytic group although the number of cases is not large enough to draw 
definite conclusions However, the results are encouraging enough to warrant fur- 
ther trial of splenectomy A longer period of observation is desirable to determine 
how frequently hemolytic episodes may occur after operation 

Comment 

In recent years several excellent reviews dealing with hemolytic anemia have 
appeared ^ ^ ^ Watson has classified the hemolytic anemias as microcytic (familial 
or congenital) and macrocytic (secondary or acquired) He stated that in all cases 
of the acquired type of the disease the erythrocytes are at least slightly larger and 
often much larger than the normal Dameshek and Schwartz and Singer and Dame- 
shek, pointed out that in some cases of acquired hemolytic anemia, spherocytosis 
and increased hypotonic fragility are present, although a "pseudomacrocytic” 
blood picture may be seen Fowler found that spherocytosis was not consistently 
J present in a group of cases of acquired hemolytic anemia and that macrocytosis 
was more frequently encountered 

All of our cases were examples of primary nonfamilial hemolytic anemia so far 
as we could determine Microspherocytosis was not present in half of these cases 
) but with one exception (case 13) we could not classify them as cases of macroc) tic 
J anemia There was a considerable number of macrocytes in some of the smears but 
■1 many of them were regenerative or polychromatophilic erythrocytes 

Agglutinins and hemolysins may be etiologic factors in a hemol}tic s>ndrome 
In two of our cases (cases 14 and zz) iso-agglutinins of an abnormal t}pc verc 
present In each instance, the patient’s scrum agglutinated his own cr) throe) res 
J In another case (case 4), an Rh negative patient had a high Rh antibod) titer due to 
I previous transfusions of Rh positive blood Although the blood picture v as micro- 
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Spherocytic, it is possible that this antibody titer may have been the caused 
hemolytic anemia In any event, improvement did not occur until splenectomy 
done At the present time, a more intensive search for irregular agglutimas 
hemolysins is being carried out in certain cases of hemolytic anemia ^ 
Several authors have emphasized the dangers of severe hemolytic reactions 
lowing blood transfusion in hemolytic anemia In one of our cases (case io),(l( 
was probably due to a hemolytic transfusion reaction after operation Wc have 
noted any severe exacerbation of the hemolytic process in the other cases but 
have been impressed with the failure of transfusion to benefit the patient, especi 
before splenectomy 

We have found it difhcult to correlate the degree of anemia with the seventy 
the jaundice In one case (case 4) as long as the patient was severely jaundiced 
anemia was relatively mild When the seventy of the jaundice decreased, thee 
centration of hemoglobin decreased rapidly This inverse relationship has b 
noted by Watson and Fowler 

In several of our cases bone marrow was examined A definite hyperplasia of 1 
normoblastic cells was seen in each instance No megaloblasts were found 
Although not common, leukopenia and thrombocytopenia may accompany 1 
anemia Doan and Wright have recently reported this phenomenon as a panhen 
topenia In case 14, the number of leukocytes ranged from 3,100 to 5,000 and i 
number of thrombocytes from 65,000 to 75,0x00 per cubic millimeter before spleni 
tomy Both were normal or increased in number after operation 
In a case not included in this senes splenectomy was performed for what appear 
to be a primary hemolytic anemia The blood picture was subsequently that 
chronic myelogenous leukemia At the time of the original examination, there vf 
not as much myeloid immaturity as there was in the blood of many of thepatt^ 
in the present senes The sternal marrow was hyjDcrplastic and could not c 


tinguished from nonleukemic hyperplastic marrow 

Splenectomy may be of definite benefit in symptomatic hemolytic anemia w ^ 
the progress of the primary disease is not rapid Recently, a woman who wa^ 
years of age came to the clinic because of weakness of six months duration 
hemoglobin value was 8 3 Gm , the erythrocyte count was 
cent reticulocytes A spleen which weighed 1,115 Gm was removed an a m 
of follicular lymphoblastoma was made There were no enlarged lymp ^ 
year later, the patient, who had regained her good health, returned 
larged axillary and inguinal lymph nodes The hemoglobin value t 

Gm and the erythrocyte count was 4,150,000 Biopsy of a lymph no^c^co^ ^ 

the previous diagnosis and for the first time roentgen therapy 
splenectomy had relieved the weakness and anemia 


Summary 

In our experience, in half of the cases of primary hemolytic of A' 

there is no family history of anemia, jaundice or splenomegaly, exam 
blood disclosed microspherocytic erythrocytes and increased ^vhicf 

cytes The results of splenectomy in these cases are better than m 
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microspherocytosis is absent True macrocytosis was observed in only one instance 
Females predominated in both groups of cases Agglutinins and hemolysins have 
not appeared to play any significant role in the production of the hemolytic syn- 
drome in our cases We do not feel justified in expressing an opmion as to whether 
the microspherocytosis indicates a familial or congenital blood disorder From a 
practical standpoint, it makes no great difference since splenectomy should be con- 
sidered seriously in any case of chronic primary hemolytic anemia It may be of 
value in some cases of secondary or symptomatic hemolytic anemia 
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THE GENETIC RELATION AND CLINICAL DIFFERENTIATION C 
COOLEY’S ANEMIA AND COOLEY’S TRAIT 

By Geneva A Daland, B S , and Maurice B Strauss, M D 

I N 192.5* the late Thomas B Cooley first described the severe and gene 
fatal anemia that is now variously known as Cooley’s Anemia, Meditcrra; 
anemia and thalassemia Since then numerous workers*”*® have reported cases 
mild blood disorder which resembles Cooley s anemia but is not associated 1 
symptoms or disability This disorder, found almost exclusively in Italian 
Greek families, is characterized by microcytosis and hypochromia with mai 
variation in the size and shape of the erythrocytes and by increased red cell 
sistance to lysis in hypotonic salt solution The hemoglobin values are cii 
normal or moderately reduced while the red blood cells are generally merca 
in number For reasons to be discussed later the term Cooley’s Trait” is propc 
for this disorder and will be used throughout this paper Neel and Valcntii 
have estimated that this condition is present in 4 per cent of persons ofhal 
ancestry in Rochester, N Y , and one of us has noted it frequently as an incidcii 
finding in soldiers of Mediterranean ancestry in an Army General Hospital 
Since earlier publication,® 4 additional families have been studied, one fain 
including 3 cases of Cooley’s anemia One of the patients with Cooley s anen 
has given birth to a living child, an event thus far unreported This child cxhib 
Cooley’s trait 

It IS the purpose of this publication to present the hematologic and gene 
data obtained from the examination of these families, to clarify fimthcr the . 
heritancc of both Cooley’s trait and Cooley s anemia and to eraphasiae the cluiii 
and hematologic differentiation of the two conditions 


Observations 

Family Ca A i6 )car old boy of Itihan parentage came under obscr\ation during an acvtc ^ ^ 
rheumatic fe\ er He as found to have a h> pochromic microc) tic anemia with marked ^ 

cell size and shape and increased red cell resistance to lysis bv hypotonic salt solution ' 
of ferrous sulfate daily for one month failed to alter his blood lalucs Blood studies on 
the patient s father, mother and 5 siblings are recorded in table i and figure i All t cm ^ 
family were healthy and completely asymptomatic No member was known to have 

scriouslj ill cccssfahf 

Family Cr A 3X year old w oman first came under observation after she had been 5 tru 

for a mild anemia for several years Her blood study exhibited all the charactcristi«^o^ ^ , 

Accordingly other members of the family were examined The data arc shoivn in 
Both parents had been bom near Naples, Italy The father had died many years jdi stif 

died of pneumonia in 1941 In 1938 she had been observed to have undue variation m t 
of her erythrocytes and considerable basophilic stippling When she had pneumoni 
and nucleated red blood cells were observed in stained blood films Forknet’^ 

Family Sp This familj' was reported in detail from this laborator) by S po aro ^ 

— — — ^ '~~rUrinc^)> 

From the Thorndike Memorial Laboratory, Second and Fourth Medical 
City Hospital, the Medical Service, Cushing Veterans Administration Hospita , an 
Medicine, Harvard Medical School 
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AGE 33 
BLOOD GROUP 0 
Rk PACTOR 


20 25 21 19 IS 

O O O 0 0 

+ - + - + 

Fig 1 Family Ca 



13 9 

B O 


Table i — Blood Findings in the Ca Family 



Mr 

C 

Mrs 

C 

Ca 

Jo 

Ja 

Pe 

Ph 

Ay 

Fr 

Jla 

An 

Ro 

Age 



33 

28 

2 S 

21 

19 

18 

16 

IS 

13 

9 

St.'K 

M 

F 

F 

M 

M 

M 

F 

M 

JI 

F 

F 

M 

Blood examination 
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5 5 
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4 1* 

3 8* 
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4 4 * 
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4 4 

Hb , % j 

75 

76 

71 

81 

90 
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79 

73 

66 

84 

66 
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Hb , Gm per loo cc 

1 












blood 

11 7 

II 8 

II I 

IX 6 

14 0 

14 4 

12- 3 

II 7 

— 

23 2 

10 3 

IX 8 

Hematocnt,% 

40 3 

39 I 

38 0 

39 8 

43 3 i 

41 6 

38 6 

33 2. 

33 4 1 

40 X 

38 X 

40 I 

M C V , cu /I 

7 % 1 

81 1 

69 8 

66 8 

88 7 1 

94 6 

94 4 

60 9 

60 8 

91 8 

68 4 

90 7 

M C H concentr , % 

0 

30 3 

19 0 

31 8 

32- 4 

33 7 

I31 9 

33 2. 

2-9 I 

32- 6 

zy 0 

32 9 

M C H , micromicro- 
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grams 

2.1 0 

|x4 6 

1.0 4 

'Ll L 

x8 8 

I31 9 

30 I 

LO L 

17 7 

19 9 

18 4 

l 8 9 

Reticulocytes 

I r 

6 

3 ^ 

1 0 

0 5 

0 8 

I 3 

0 s 

z 6 

0 8 

I 0 

2 3 

Nucleated red cells 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Sapphng 

0 

0 

0 

+ 

0 

0 

0 

+ 

+ 

0 

0 

0 

Icteric inde\ 

— 

5 

— 

— 

3 

7 

— 

— 

4 

3 

3 j 

— 
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CU mm 

8 2. 

7 8 

6 8 

7 9 

6 5 

3 3 

22 5 

8 3 

20 3 

7 4 

6 8 1 

3 6 

Blood group 

0 

B 

B 

0 

0 

0 

0 

0 

B 

0 

B 1 

0 

Blood t) pc 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N j 

N 

Rh factor 

+ 
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+ 

+ 

— 

+ 

— 

+ 

— 

— 

— j 

O- 

Blood smear 

Abn 

N 

Abn 

Abn 

N 

N 

Abn 1 

1 

Abn 1 

Abn 1 

Abn 1 

Abn , 

N 


‘Counts taken follotsing satisfactory thcrapj isith iron 
N, normal, Abn, abnormal 

Red Cell Resistance — Per cent hemohsis in hypotonic solunons of sodium chlonde 



IT 

lOT 

vr; 

- 

( 

^ Franas 

4- 

37 

3- 

-9 

Normal 

43 

38 

33 

33 


under the title Benign Familial Pohcttheraia, but since it is nou belies cd that this condition is 
identical to Cooley s trait the essential data are presented in table 3 and ficurc 3 

'y Fatrtly Pa The oldest daughter of this family y\as first observed at the Massechu'etrs Ge-e'al H > " - 
^ tnl in 193^, y\hen she yyas 19 years of age \t this time she had acute pycIonepb'’itis 3rd n aiii " '-s 
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discovered to hn\e the characteristic blood picture of CooIe> s anemia, as well as jaundice, splcnoiiK 
and changes m the bones She maintained approximate!} the same blood level for the next five] 
but died with severe anemia a fortnight after the birth of a child At the time of delivery her red b 
count was reported to be i ii. million per cu mm and the hemoglobin 3 3 Gm per 100 cc 
In ip34, when the diagnosis of Cooky s memn was first made on the above patient, ficrpir 
and 5 siblings were examined At that time a brother, aged 7, and the youngest sister, aged 16,1 
considered to hav c Coolc) 's anemia, but the mother, father and 3 other sisters were believed to be non 
On subsequent examination b) the authors, however, all but one sister were found to have Coo! 
trait (table 4, fig 4) The brother had many hospital admissions and finally died at the age of n 1 
ropsy findings were typical of Cooley's anemia 

The youngest sister has been followed in the Thorndike Memorial Laboratory since 1938, dm 
which time she has continued to present a characteristic picture of Cooley s anemia In March 1 
she was delivered of a male infant whose blood has been examined on several ocasions OnOctoba 
1946 his red cells numbered 5,330,000 per cu mm and his hemoglobin wasp 4 Gm per 100 cc Follow 
treatment with iron for two months the red cell count was 6,100,000 and the hemoglobin 14 oG 
His blood films arc definitely abnormal, showing variation in size of the red cells, variation m intos 



9 f 9 ? 


AGE 35 


34 32 


30 


26 


a" (f 

4 2 

Fio X Family Cr 


if 0 " 

27 25 

cT 


of staining, microcytes, occasional pencil forms and fragmented forms No stippe 
This picture has been maintained throughout the observations and is a distinctly jutittlf 

the red count and hemoglobin arc so high With the exception of frequent col s, e 
well His father has an entirely normal blood (table 4) 


Literature ' ^ 

During 1940 and 1541, three groups of investigators 
the mild blood disorder illustrated by the cases presented gpcnii* 

his co-workers® considered the condition to be a benign form 0 00^ ,0 

Dameshek'* described it as “target cell” anemia These authors, 
later publications,® - emphasized the existence of a continuous 
from the very mild cases of Cooley’s trait to the most ^ Abcd”®'' 

The present authors® termed the mild disorder “Familial . - 

stressing the fact that although it resembled Cooley’s anemia, c 
logic differentiation was not difficult It was further stated t a 
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Arc 

52 

51 

24 

22 

IR 

16 

13 

11 

10 

Sex 

M 

I 

M 

1- 

M 

I 

F 

F 

51 

Hlood examination 










R D C , M per cu 










mm 

6 8 

5 5 

8 0 

7 I 

8 1 

5 0 

5 6 

4 5 

6 4 

Hb , Gm per loo cc 










blood 

13 6 

14 6 

15 8 

* 2 . 7 

14 5 

IX 3 

15 4 

It 5 

11 5 

Hematoent % 

50 3 

46 7 

50 0 

49 5 

57 0 

— 

46 9 

45 t 

41 6 

M C V , cu ft 

M C H concentr , 

74 i 

85 6 

63 z 

69 7 

70 6 


83 5 

91 6 

66 i 

% 

17 0 

3 t ^ 

31 S 

^■5 7 

5-5 5 

— 

3x8 

X7 6 

t 9 3 

M C H , micromi- 










crograms 

10 0 

a6 7 

19 7 

17 9 

18 0 

— 

2-7 3 

X5 6 

19 4 

Rcnculoc) tes, % 

W B C , thousands 

1 4 

1 6 


X X 

I 0 

0 6 

I X 

I 4 

8 3 

1 4 

8 0 

pcrcu mm 
Polymorphonu- 

8 r 

6 9 

8 5 

7 0 

S 8 

7 3 

II 4 



clear neutro- 








64 0 

64 0 

phils, % 
Polymorphonu- 

63 0 

66 0 

63 0 

63 0 

57 0 

58 0 

56 0 



clear eosino- 









3 ° 

phils, % 
Polymorphonu- 

X 0 

I 0 


X 0 

4 0 

I 0 

X 0 

I 0 


clear basophils, 
% 



I 0 

4 0 

I 0 

X 0 

3 0 

3 ° 

1 0 

I 0 

Small lyrapho- 









11 0 

cytes, % 

x8 0 

i8 0 

XI 0 

31 0 

XI 0 

31 0 

31 0 

8 0 

15 0 
fl 0 

10 0 

Monocytes, % 

7 0 

4 0 

IX 0 

3 0 

16 0 

7 0 


+ I 

Platelets 

Nor- 

Nor- 

+ 

+ 

Nor- 

Nor- 

+ 



mal 

mal 



mal j 

mal 

__ 

— 



appeared to be inherited as a dominant character whereas Cannu'’ 

believed to be recessive Although Angclini/^ and Qook) 


-WWW--.- C7 - u/ r ri nf<; 

petros,^® had observed that the parents and siblings or pat c 
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anemia frequently exhibited increased red cell resistance to lysis by hypotonic 
salt solution, it was not until Wintrobe*'** pointed out that in two different pa- 
tients with Cooley’s anemia both parents exhibited the mild blood disorder, that 
the genetic relationship between the two conditions became apparent Wintrobe’s 
observations were confirmed* by Smith, ®Dameshek® and Valentine and Neeb^” 
who in 1944 published a thorough discussion of the subject and added data from 
four additional families 

Differentiation of Cooley’s Trait from Cooley s Anemia 

Although It IS possible by proper selection of cases to show a continuous series 
of conditions grading from the most severe type of Cooley’s anemia fatal in early 
life to the most mild instances of Cooley’s trait in which there is no anemia what- 
soever, It IS our impression that generally the differentiation of the two conditions 
IS not difficult although both are characterized by hypochromia, microcytosis, 



+ + 

5 I6MO 2 IMO 

Fio 4 Familj Pa 


anisocytosis and poikilocytosis out of proportion to the hemoglobin levels The 
blood pictures fall into two fairly well defined groups, one severe and gcnerall} 
fatal, the other benign t Correlated with these two blood pictures may be found 
marked clinical signs and symptoms in the case of Coolc) s anemia, or their absence 
or minor nature, in Cooleys trait The differential diagnostic findings between 
Cooley s anemia and Cooley s trait are shown in table 5 

* Although the imttcr of priorit\ as regards rhis particular point is of little "Significance, it should 
be pointed out that Dameshek (Hemoh tic S>ndromcs ENhibit American Medical •\'s"ociation, June 
1942. Prnatcl) printed 1942-, and Bull Nc\\ England Med Centre 4 67, 194-) abo clearh pointed o it 
this hcreditan mechanism These obsersations were made independenth and u ere therefore rot co'"- 
firmttors as stated Editor 

t Attempts todnide this entire disease ssndromc into two groups one <^c\e'C and o-e beaigr arc no' 
alwaas successful, since a number of intermediate forms with moderate anemia spIeno*n*raI\ a-d 

icterus arc found It seems hardia desirable to designate cases of aacll-dcfincd ancniia as trait c p-^ialla 

since aarious samptoms referable to the anemia arc present E ’i or 
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Genetic Considerations 

Three main types of inheritance could explain the relationship between Cooley’s 
anemia and Cooley’s trait^® 

1 A Singh dominant factor variably expressed An example of this type of in 
heritance is found in the variable seventy of hemophilia which the sons of om 
mother may exhibit, each of whom owes his disease to an identical gene If thii 


Table 4 — Bleed Findings in tlx Pa Family 



.Mr P 

Mrs P 

M P S 

J P B 

Arc 

50 

49 

24 

26 

Set 

M 

F 

F 

F 

tMood rramtnalion 





R D C , M per cu mm 

5 6 

6 0 

3 6 

5 0 

Hb,% 

86 

9 ^ 

51 

84 

Hb , Gm per 100 cc blood ; 

13 4 

14 3 

8 I 

13 1 

Hcm-itocrit, % 

43 9 

44 5 

2-7 4 

41 1 

M C V , cu 

77 3 

74 4 

76 I 

81 8 

M C H concentr , % 

30 6 

3L 1 

L9 6 

31 0 

M C H , micromicrognms 

13 6 

14 0 

Z 2 . 5 

i6 5 

Rcticuloc) res, % 

0 6 

0 7 

jj 8 

Q 7 

Nucleated red cells 

0 

0 

+ 

H 

Stippling 

++ 

+ 


+ 

Icteric index 

4 

4 

— 

3 

Red cell resistance* 




% diO 

I 45 

10 40 

50 34 

75 


I 

' %//m ^oCI 

1 49 

10 41 

50 37 

75 34 

Hem NaCt 

Trace 58 

Complete 16 

Platelets, thousands per cu 


1 


N 

mm 

+ 

N 

+ 

White blood cells, thousands 
per cu mm 

1 

1 

i 5 9 

S 8 

11 4 

6 8 

Polymorphonuclear neutro- 
phils, % 

57 0 

49 

55 

48 

Polymorphonuclear eosino 
phils, % 

3 

3 

I 

9 

Polymorphonuclear baso- 
phils, % 

— 

— 

18 

X 

x8 

Small lymphocytes, % 

2-5 

2-7 

5 

Large lymphocytes, % 

9 

II 

29 

5 

Monocytes, % 

4 

8 

5 

3 

Abnormal or young cells, % 

I 

I 



Myelocytes, % 

I 

I 

1 

0 

Blood group 

0 

A 


N 

Blood type 

MN 

N 


-f- 

Rh factor 

+ 

+ 


Abo 

Blood Smear 

A bn 

A bn 

Apn 
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Table 4 — Continued 



J P C 

A P C j 

\ P T ' 

M P 

Age 

23 

22 

1 

20 

II 

Sex 

F 

F 

F 

M 

tilood cxamtnalton 



I 


R B C , M pcrcu mm 

4 S 

5 0 

5 I 

- 5 

^ Hb,% 

105 

76 

61 

iS 

Hb , Gm per 100 cc blood 

! 16 4 

II s 

9 7 

4 4 

' Hematoent, % 

44 6 

40 6 

2-9 0 


, M C V , cu /I 

92- 3 

80 L 

1 

56 9 


M C H concentr , % 

36 7 

; 19 ^ 

30 0 


M C H , micromicrograms 

33 9 

1 2.3 4 

19 0 


Rcnculocy tes, % 

0 s 

1 ' 5 

1 S 

6 1 

Nucleated red cells 

0 

0 

+ 

_L 

Stippling 

0 

: ++ ' 

+ + ' 

+ + 

Icteric index 

4 

5 

JO 


Red cell resistance* 






G If tut \aCI 

, /Urn \ aCf 

N Hem \aC' 



I 46 

1 I 44 

J 49 



to 41 

10 39 

10 43 



50 37 

1 30 33 

30 iS 



73 35 

1 75 33 

75 ’-3 


Phtclets, thousands per cu 





mm 

i N 

N 

164 


White blood cells, thousands 





percu mm 

II s 

S 6 

11 : 

4 4 

Pol\ morphonuclcar ncutro- 





phils, Tc 

60 

7 - 

70 

5 <' 

Poll morphonucleir eosino- 





phils, f'c 



1 


Poh morphonticlcar baso 





phils, 

1 

— 



Small I\ mphoc) tes, 

lO 

1 " 


^ r 

^ J 

Large h mphoc) tes, 

10 

’ — 

( 


Monocs tes, 

- 

9 


15 

Abnormal or 1 oung cells, 

— 

— 

1 

- 

Ml does tes, 

- 


I 


Ilood group 

0 



A 

llood n pc 

MN 

MN 

MN 


Ui factor 

— 


- 

• — 

. Mood Smear 

\ 

\hn 


‘ t 


) 
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Table 4 — Concluded 



Familj of J P 

c 

Family of 
A P C 

Familj of A P T 


Mr C 

P C 


■B 

Mr T 

P T 

Age 

13 

5 >r 

16 months 

2 

1 

{ nuitlii 

Sex 

M 

M 

F 

F 

M 

M 

JJhoJ examinalinn 







R B C , M percu mm 

5 S 

4 8 

5 0 

— 

5 6 

5 3 

Hb,% 

108 

85 

86 

85 

II6 

So 

Hb , Gm per too cc blood 

16 9 

>3 

^3 4 


18 0 

93 

Hematocrit, ^ 

49 5 

38 r 


— 

50 1 

M C V , cu M 

90 0 

80 1 

— 

— 

90 0 

- 

M C H concentr , 

34 1 

34 6 

— 

— 

35 8 


M C H , micromicrograms 

30 7 

^7 7 

i6 9 

— 

31 I 


Reticuloc) tes, ^ 

1 6 

X X 

0 6 

— 

— 

- 

Nucleated red cells 

0 

0 

0 

— 

— 

Q 

Suppling 

0 

0 

0 

— 

— 

0 

Icteric index 

5 

5 

— 

— 

7 

— 

Platelets 

N 

N 

N 

— 

N 

N 

W B C , thousands per cu mm 

6 7 

9 7 

— 

— 

8 7 

93 

Blood Group 

A 

0 





Blood T)pc 

N 

MN 





Rh factor 

— 

+ 




Abn 

Blood Smear 

N 

N 

N 

N 

N 


K C and J C show a fc%s \ oung ceils w hich arc to be expected at tfacir ages R B C arefloffl*! 
D T showed more sanation in size and shape than normal Ceils s'crc somewhat 


Tadle 5 — Cltntcal and Htmatahgtc Dtjfmntcation of Cooley 1 Anemia and Cooley s Trail 


Red Blood Cell Count 
Mean Corpuscular Volume 
Hemoglobin 

Nucleated Red Blood Cells 
Reticulocytes 
Polychromatophilic Cells 
Stippled Cells 
Ictcnc Index 
Leukocytes 
Poikilocytosis 
Bone Changes 

Splenomegaly 

Features 

Age 

Prognosis 


Coolcj ’5 Anemia 


CooIo’sTnit 


< 5,000,000 

50 to 100 cu micra 

< JO Gm per too cc 
Common 
Increased 
Increased 
Marked 
Increased 
Increased 
Extreme 

Generallj in skull and other 
bones 
Common 
Mongoloid 
Young 
Poor 


5 ,000,000-8,000,000 

55 toSocu raicra 
5 to 16 Gm periootc 
Rare 

<4 per cent 

Occasional 

Frequent 

Normal 

Normal 

Moderate 

Skull onl) (shght; 

Occasional 

Normal 



mode of mhentance were involved, Cooley’s anemia shoul 
in which only one parent exhibited a blood abnormality 
every case in which both parents of a patient with Cooley s a 
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cssent'^' 
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examined, both have shown the mild disorder Since, in accord with this theory, 
only one parent need be affected, and since marriages between two affected in- 
dividuals should be much rarer than between one affected and one normal person, 
most cases of Cooley’s anemia would be the issue of the latter type of union 
X The smultaneous presence of two nonallelomorphtc dominant factors, one inherited 
from each parent, as suggested by McIntosh and Wood,^® would result in Cooley's 
anemia This theory requires the assumption that each factor alone leads to the 
same mild somatic condition, which Valentine and NeeP® consider improbable 
However, it may be noted that in drosophila a number of different factors may 
lead to the identical eye color There are other more complex types of inheritance 
which may be considered in which two nonallclomorphic factors are required 
for the development of the full-blown character and in which heterozygosity 
leads to a partial abnormality For example, “ski-wing” in drosophila results 
from homozygosity of two genes in the second and third chromosomes If the 
gene in the second chromosome is heterozygous and the gene in the third chromo- 
some homozygous, a mild form of ski-wing results 

3 A single ' incomplete" recessive or dominant factor Under this type of inheritance 
the heterozygote would exhibit Cooley s trait and the homozygote, Cooley’s 
anemia 

The data presented here, together with the extensive statistical analysis of 
Valentine and NeeP® arc compatible with either the second or the third mode 
of inheritance 

Nomenclature 

Spodaro and Forkner- termed this mild blood disorder benign familial poly- 
cythemia ” Smcc polycythemia is not necessarily present this designation is 
unsuitable The present authors have called it familial microcytic anemia, 
a name which must be rejected since anemia may be absent 

Wintrobc et al - called this condition a familial hemopoietic disorder in 
Italian adolescents and adults resembling Mediterranean disease (thalassemia) ’ 
Dameshek"* referred to it as target cell anemia However, target cells arc en- 
countered in many conditions and may be artificially produced in vitro by sus- 
pending normal cells in plasma or scrum rendered hypertonic ®® Later Dameshek 
used the designation familial Mediterranean target-oval cell syndromes ''® 
Since cases have been reported in English, Negroes, Chinese, Turkish, Spanish 
and others-^ and since there is a distinct blood disorder characterized by oval 
rrythrocytes-- this name docs not appear suitable Valentine and Neel’s*® rermi- 
lology, thalassemia major and thalassemia minor for the severe and mild disorders, 
las much in its favor However, the wide distribution of these conditions, eicn 
f their common origin at one time was the Mediterranean and the cumbersome 
erms have led the present authors to call the conditions Coolei s anemia and 
Cooley s trait,” bearing in mind the analogous sickle cell anemia and sidle 
ell trait It is not implied that sickle cell anemia and sickle cell trait bear the 
ame genetic relation as Coolci s anemia and Coolci s trait Although cponimic 
' lomcncHturc is in general undesirable, it mai be pointed out that a number of 
>ndromcs such as Gra\cs disease, which ma\ occur without goiter, v ithout 
h\roto\icosis, without ophthalmopathv defi accurate dcscnptnc tcrminoloi:\ ^ 
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Summary 

I Four additional families illustrating the clinical and genetic relationships 
of Cooley’s anemia and Cooley’s trait have been presented 

X Blood fandings m an offspring of a patient with Cooley’s anemia are recorded 

3 The asymptomatic nature of Cooley’s trait and its differentiation from 
Cooley s anemia has been emphasized 

4 The inheritance of Cooley’s trait and Cooley’s anemia may be best explained 
m terms of an incomplete dominant or of the simultaneous appearance of two 
nonallelomorphic genes 
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STUDY OF THALASSEMIA MINOR IN THREE GENERATIONS OF 

AN ITALIAN FAMILY 

By Robert W Heinle, M D , and Margaret Ruth Read, M D 

A CONSIDERABLE knowledge concerning the heredity and transmission 
of Cooley’s erythroblastic anemia, or thalassemia, has accumulated during 
the past twenty years but there is still need for more complete data and further 
genetic studies of families showing the trait 
In 19x7, Cooley^ reported his observations on erythroblastic anemia occurring 
in Mediterranean peoples He concluded that the anemia was congenital, but in 
spite of frequent familial occurrence, he doubted that heredity was a factor since 
the patients died before puberty and so could not transmit the disease 
It was recognized for the first time in 1937 that a mild, but similar, type of 
anemia occurred m parents and siblings of individuals with Cooley's anemia 
Angelini (quoted by Wintrobc and his associates^) observed that in some instances, 
the erythrocytes of apparently healthy parents and siblings of patients with 
Cooley’s anemia showed decreased fragility when tested in hypotonic saline 
Caminopetros* independently confirmed this observation in 1938 
Two years later, Wintrobe and co-workers,- Dameshek'* and Strauss and co- 
workers® described a mild form of microcytic hypochromic anemia, resistant to 
iron therapy, and occurring in Italian families The anemia was characterized by 
the frequent occurrence of increased numbers of erythrocytes, with absolute and 
relative reduction of hemoglobin, bizarre forms of erythrocytes and decreased 
fragility in hypotonic saline These authors variously termed the dyscrasia as 
' target cell anemia,” “familial microcytic anemia” and ' anemia of adults re- 
sembling thalassemia ’ It was not immediately apparent whether this disease 
was related genetically to Cooley s Mediterranean anemia, but such a possibility 
was suggested 

Wintrobe® later confirmed Angelini’s and Caminopetros’ observation of decreased 
fragility of erythrocytes m the parents of patients having Coolc) s cry throblasric 
anemia and further pointed out that the blood picture in the parents was identical 
with the familial microcytic hypochromic anemia avhich he had prcMoush de- 
scribed - 

In I94E and 1943, Dameshek" described several anemic states of \ arming degree 
of severity ranging from Cooley’s er) throblastic anemia to conditions isithmild 
hypochromic anemia, target, oval and stippled cells and increased resistance of the 
erythrocyte to hypotonic saline He confirmed the findings of other workers in 
demonstrating that such blood changes occurred in both siblings and parents 
of patients with thalassemia Smith^ also demonstrated similar changes in the 
blood of siblings of patients with Coolei s anemia and discussed the diagnosis 
of the trait” or mild form of the disease 

From the Department of Medicine, estem Rcwvc Unner^in S'hool of Medicine, Oe\cla''i O'l j 
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Valentine and Neel,® in reporting studies on parents and siblings of 3 patients 
with thalassemia and of one person with a similar mild condition, considered the 
hereditary aspects of the disorder and emphasized the problem of differential 
diagnosis and the clinical significance of the mild form of the anemia By statistical 
analysis of cases collected from the literature, they concluded that the bulk of 
evidence favored the hypothesis that the mild, microcytic hypochromic anemia 
was a form of thalassemia which resulted from heterozygosity for a factor which, 
when homozygous, caused full-blown thalassemia These authors suggested the 
term “thalassemia major" for the severe erythroblastic anemias as onginalljr 
described by Cooley and ‘ thalassemia minor” for the mild microcytic hypochromic 
anemias characterized by target cells, oval cells and increased resistance of the 
erythrocytes to hypotonic saline 

Cooley^® has more recently described a microcytic hypochromic anemia oc 
curring only in males with transmission through the females in a family of Dutch 
descent His conclusion that the disease was due to a fundamental constitutional 
defect of the hematopoietic system unrelated to familial microcytic anemia maj’ 
be open to some doubt 

In 1945, Neel and Valentine^^ reiterated their views regarding “thalassemia 
major and minor" and the inheritance of the conditions From a study of a portion 
of the Italian population of Rochester, N Y , they concluded that thalassemia 
major occurred in about o 041 per cent and thalassemia minor in about 4 per cent 

The present report deals with the occurrence of a microcytic hypochromic 
anemia in 9 of 13 members of a family of Sicilian descent over a span of three 
generations The study was initiated when one of the members of the second 
generation was found to have a hypochromic anemia which did not respond to 
iron 


Case Report 

Patient L O , a 37 year old unmarried woman of Sicilian descent, as first seen by us on September , 
1945, complaining of feeling faint She had first noted this two years previously and was told ^1 * 
sician that she had anemia Therapy with iron, liver extract injections and oral livcr-iron prepat* 
were without symptomatic or hematologic benefit She later experienced fatigue and a 
twitching in the left leg and hand, although no muscle contractions were ever visible 
studied at another hospital on two occasions but was not aware that any diagnosis was made isf 

anemia in other members of her family could not be elicited membraa'^i 

On physical examination, the positive findings consisted of slight pallor of the mucous ^ 

a metallic first heart sound at the mitral area, bilateral posiuve Hoffman reflex, and a njstag 
right lateral gaze with fast component to the right The liver and spleen were not palp « 

She had been examined by a neurologist who was unable to explain the s) mptoms an sig 
considered chat they might be secondary to the anemia They have never been adequate y 
Lahoratoty data Erythrocytes 5,570,000 per cu mm , hemoglobin lou} Gm pr loo > 

5,3co, hematocrit 36, mean corpuscular volume 649 cu microns, mean corpuscular 
micromicrograms, mean corpuscular hemoglobin concentration x8 9 per cent Di hocvtcs.fl 

58 5 per cent neutrophils, 3 5 per cent eosinophils, o 3 per cent basophils, 31 o aoisoQ'®*'* 

per cent monocytes No nucleated red cells were seen The erythrocytes showca stiapt^ 

and poikilocytosis, and were microcytic hypochromic Numerous target cells an a oK 

cells were present (figs i and x) The platelets were slightly increased in number presuiuabb tu 
was slower than normal, the corrected value being less than zero This finding was 
delay in rouleau formation resulting from the abnormal shape of the crjthroqtes 
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FAMILIAL MICROCYTIC ANEMIA 

Fig 3. Occurrence of thalassemia minor in three generations of a family of Italian origin Nombifi 

after initials indicate age of patients in jxars 
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* S-a = spouse of member of second generaaon 
■j" Platelets esumated from smear, increased in number 
J Platelets estimated from smear, normal in number 
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She rvas seen again one month later with the same complaints and laborator) 
been no response to iron therapy Saline fragilit) test shoned beginning hemolysis at o 3 
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complete hemolysis at o zo per cent X-rays of the skull, humerus and hands shoned a slight degree of 
demineralization without specific changes 

It was felt that much of the patient s symptomatology was on a nonorganic basis, especiall) since 
she was inclined to place the blame for her symptoms on her work (machine operator), and since it 
seemed likely that the anemia had antedated the onset of her symptoms 

A tentative diagnosis of familial microcytic anemia «as made and it iias arranged to studi other 
members of her family 
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Fig 4 Patient S S , third generation Peripheral blood shoavini; hipochromia target cells osal ctiL 

and poikiloc\ tes X640 


Table I and figure 3 shou the results of findings in the other Ininq members of the famils 
the parents of the patient, her brothers and sisters, and the third generation of her niei.es arj 
in addition to two of three spouses of members of the second generation Tlie pan-nt s nth’ 
had died atagef5\cars two sears before we saw the patient L O but he had h-en ad-’iii ed t 
hospital in 194.. where blood studies had been performed and sshere a diaqro o c ' dc >J--’j 1 
nonfunctioninq qall bladder had been made His labirators lindinqs ss—e r _dc asailab’e t > 
recorded m table 1 

^ sister of the patient, L O , died at ace 5 scars ofbums 5 he ssasres-' i-’sc c- -d 
of anemia and ssas thouqlu to base been crtirels sscll Ml t' e o - is ‘ 

ihes sscrc in gssoj health 
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f It will be noted (table i, figure 3) that the parents of the patient, all 3 living members of rhr nJ 

nuX“°f ^ generation apparently had identical blood finding^lbe 

number of target cells and bizarre forms varied somewhat but the essential features were idenLu 
photomicrograph of the b ood of S S . a 10 year old nephew of the patient (L O ) is shown m 
and a photomicrograph of the blood of M S . aged at. a niece of the patient is shown in figure ^ 

a f!ll7 "'^re individuals with apparent good health, capable of domg 

a full day s "'o^^^hout unusual fatigue There were no signs or symptoms which would have ij 
to a diagnosis of a blood dyscrasia except the presence of palpable spleens in 5 of the 9 affected md.viduils 
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3 MS, third generation Peripheral blood showing target cells, oval ceils and poikilocytcs Xff® 

ji 

, such cases are usually discovered coincidental to examination for other reasons or during a 
' of a group of patients The individuals arc of Italian or Sicilian descent The spleen i* 
ged in some cases but the enlargement is not great as compared with others of the bloo ) 
he finding is not constant Palpable enlargement of the liver did not occur in this 
1C erythrocyte count is frequently elevated above normal and m this scries was as ig ^ 

u mm The hemoglobin content and hematocrit values arc low, of course, so 
liar volume and mean corpuscular hcmoglobm values arc considerably less 
iscular hemoglobin concentration is not reduced as much, a further indication ore 
iination of the blood films confirm these data Hypochromia is obvious in ad ^ppcir 

iriablc numbers of target cells, and cells of bizarre shape Some of the smaller er) t 
well-filled with hemoglobin jn jowe, i' 

!C saline fragility test was abnormal in all 9 of the affected individuals in is 
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mol) SIS begin at about normal concentrations, o 42. to o 46 per cent saline, indicating that a part of 
the population of cr)'throC) tes had normal osmotic properties and were, presumably, of normal shape 
In some, hemol) sis began at much lower levels, indicating that all of the erythrocytes were flatter than 
normal Complete hemol) sis occurred at lower than normal concentrations in all cases, ranging from 
o 10 to o 14 per cent with the exception of the mother who had complete hemolysis at o 30 per cent, 
only slightly below normal 

In this scries there was no increase in reticulocytes, stippled erythrocytes or nucleated red cells The 
lcukoC)te and differential blood counts were normal in all of the affected individuals In some cases, 
the number of platelets appeared to be slightly increased as estimated from the blood films Platelet 
counts were not made X-ra) s of bones showed no specific lesions in the one case (L O ) on whom they 
were made The anemii is completely resistant to iron therapy 

Discussion 

This asymptomatic, microcytic hypochromic anemia is not in itself of great 
importance except as the condition may fail to be diagnosed or diagnosed in- 
correctly Of significance, however, is its relation to thalassemia major, a more 
severe disease, usually fatal during childhood In this scries, two Italians with 
the mild form of the disease, thalassemia minor, produced 6 children, 5 of whom 
are known to have had an identical mild form of the condition It would appear 
at first hand, therefore, that the trait, dominant m both the parents, was simply 
inherited by the children That such is not the case, however, has been demon- 
strated by the work of others and is further confirmed by the occurrence of the 
condition in the third generation of this series, in which only x of 5 were affected 

From the literature, and from this series, it seems probable that the severe 
form of the anemia, thalassemia major, results from homozygosity of an inherited 
factor while the milder form, thalassemia minor, results from heterozygosity of the 
same factor According to this idea, both parents were heterozygous, since they 
had the mild form of the disease They would be expected to have children who 
were homozygous (thalassemia major), heterozygous (thalassemia minor) and 
completely free of the trait in a ratio of i x i That all 5 of the second generation 
studied had thalassemia minor, signifying heterozygosity, was therefore ap- 
parently due to chance occurrence in a small sample The statistical probability 
of this occurrence being due to chance is i in 14 (P value about o 07, borderline 
significance) 

The third generation in this series, however, fits the idea very well In this 
case, if one parent were heterozygous and the other free of the trait, half the 
offspring would be expected to be heterozygous (thalassemia minor) while half 
woiild be expected to be unaffected The occurrence of thalassemia minor in x of 
5 members of the third generation agrees with this concept 

The mechanism of production of the abnormal erythrocytes is not understood 
Valentine and NeeP* were able to produce target cells experimentally, both in 
vitro and in vivo, by increasing the tonicity of the solution in which the cells 
were suspended Whether this represents the natural mechanism of production 
of target cells has not been established 

Summary 

I Three generations of a family of Italian descent were studied Nine of 13 
members were found to have thalassemia minor 
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X Genetic studies indicate that this mild, microcytic hypochromic anemia 
characterized by the presence of target and elliptical cells and other bizarre formi 
and by increased resistance to hypotonic saline, results from heterozygosity of an 
inherited factor, which, when homozygous, produces thalassemia major or 
Cooley’s Mediterranean anemia 

3 If individuals heterozygous for this factor (thalassemia minor) marry other 
heterozygous individuals, one quarter of the offspring can be expected to be homo- 
zygous (thalassemia major), one half heterozygous (thalassemia minor) and one 
quarter free of the trait 

4 The presence of thalassemia minor apparently did not interfere with the 
general health of affected members of this family and did not appear to shorten 
life expectancy The importance of the condition lies in its relation to thalassemia 
major 


REFERENCES 

1 CooLEi, T B , WmvER, E R , and Lee, P Anemia in children with splcnomcgal} and pecuinr 
changes in bones Report of cases Am J Dis Child 786, 1917 
- WiNTROHE, M M , Matthews, E , Pollock, R , AND Dons NS, B M A familial hcmopoieuc disorder 

in Italian adolescents and adults J A M A rr^ 1530. ^940 
’ Caminopetros, J Rcchcrches sur I ancmie erj throblastique infantile, des peoples dc la Mcditoranct 
orientalc Ann dc m£d ^7 17, lo^j, 1938 

^ Dameshek, W Target cell anemia Ancq throblastic t^pc of Cooleys erjthroblastic aoemu 
Am J M Sc aoo 445, 1940 

'Strauss, M B , Daland, G A , and Fo\, H J Familial microcytic anemia Obscriations on 1 
cases of a blood disorder in an Italian famil) Am J M Sc , joi 30, 1941 
' WiNTROEB, M M Clinical Hcmatolog)' Philadelphia, Lee A Fcbiger, 1941 
Dambshek, W Familial Mediterranean target and o\al cell syndromes Bull New Englan 
Center 4 67, 1941, Mediterranean target-oval cell syndromes Am J M Sc arj 

* Smith, C H Familial blood studies in cases of Mediterranean (Cooley s) anemia Diagnosis 

trait or mild form of the disease Am J Dis Child tfy 681, 1943 
' Valentine, W N and Neel, J V Hematological and genetic study of the transmission 0 

scmia Arch Int Med 74 185, 1944 

i?CooLEa,T B Hereditary anemia with clliptocjtosis Am J M Sc ao; 361,1^5 
Neel, J V , and Valentine, W N The frcqucnc) of thalassemia Am J M 5 ^ 

1* Valentine, W M , and Neel, J V The artificial production and significance of target ce s 

M Sc 20 f 741, 1943 



PROPHYLAXIS OF HOOKWORM ANEMIA-DEFICIENCY DISEASE 

Bj W O Cruz, M D , and R Pimenta de Mello, M D 

I N ^^[EW of present knowledge of hookworm anemia, it has become evident 
that, qualitatively and in conjunction with helminthic infestation, deficient 
nutrition is of importance in the genesis of this disease The possibility of curing 
the anemia, even though the intestinal parasitism remains, has provided us with 
the opportunity of observing which symptoms and clinical signs result from a 
hemoglobin deficiency and which are caused directly by the presence of the hel- 
minths Contrary to what might be expected, with the exception of intestinal 
hemorrhages and eosinophilia, all other pathologic changes disappeared as the 
blood became normal So great is the importance of these symptoms and signs that 
yield with the treatment by iron, and so insignificant are those that remain, that 
we should, in this case, consider the anemia not as a syndrome connected with the 
signs, but as the disease itself The specificity of the treatment of anemia by iron 
and the astonishing nature of the cure are the usual characteristics of conditions of 
deficiency 

Up to the present time, prophylaxis of hookworm anemia has been considered as 
the prophylaxis of a disease which is strictly parasitic in origin The methods are 
dijScult and costly, amounting almost to radical changes in the firmly established 
habits of a population (use of shoes) or sanitary engineering measures amounting 
almost to sudden civilization of backward zones (construction of privies, etc ) 
These classic methods of prophylaxis, consisting in avoiding the infestation of man 
by Ancylostoma, have been of no practical effect with respect to the incidence of the 
anemia 

If we consider the prophylaxis from the point of view of the second agent in the 
etiologic complex of hookworm anemia, i e , qualitative nutritional deficiency, a 
different plan of prophylactic campaign can be outlined The application of iron in 
prophylaxis is not sufficient to eliminate completely the disease from a commimity, 
and in addition, it requires periodic application On the other hand, this method is 
one of the easiest to apply, when it is duly supported by the proper public health 
laws 

Following these principles, Cruz and dc Mcllo^ attempted to create the bases for 
a prophylaxis of hookworm anemia considered as a deficiency disease (similar to 
the prophylaxis of endemic goiter) This consisted in adding an iron salt, hema- 
tologically active, to the foods habitually eaten by the lower social classes The 
difficulties encountered were considerable, as compared with the prophylaxis of 
endemic goiter In the latter, o 005 Gm of potassium iodide arc sufficient, whereas 
in hookworm anemia we had to use a much higher dose of usable iron salt Various 
trials were made, not only for choice of food, but also of the iron salt with highest 
therapeutic value and stability The authors concluded that the mixtures of ferrous 
sulfate with manioc flour and of ammoniacal ferric citrate with bean gravy were 

From the Hcmatolog) Department Institute Oswaldo Cruz, Rio dc Janeiro, Brazil 
Aided by a grant from Dr Guilhcrmc Guinlc 
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sufficient not only to cure, but later to prevent the fall of blood values during Iodj 
periods of time, in individuals who were heavily infested Various cases wm 
described,^ a summary of which may be seen in table i 
With the various experimental mixtures used, it was attempted to fulfill th 
following requirements taste, stability, appearance, hematologic efficiency id 
low cost Only two were found to be satisfactory ferrous sulfate mixed witt 
manioc flour and ferric ammonium citrate, brown, added to bean gravy The sals 
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listed in table a were also tried, but did not fulfill the requirements and th 

was not continued u 1^:0 in® 

With regard to the infestation index listed in table i, we snom 
that, according to present knowledge, the contribution of the he 
formation of anemia appears to be exclusively through their bloo jp tjic 

ties The hemorrhages caused by this action have a distinctive sign ^ 
physiology of the blood The organism reacts in various ways qu® 

hematic constituents lost in a hemorrhage It seems to possess and of 

tity of protein for reconstitution of the red blood cell strome, 
ammo radicals present in the chemical structure of heme This is 00 
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relation to the basic metal for the respiratory function This metal is a vital raw 
material for reconstitution of respiratory pigment, and the organism is entirely 
dependent on the reserves supplied to it by nutrition to maintain a normal hemo- 


Table i 
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globin metabolism Accordingly, when the helminths withdraw blood from the 
' body, they withdraw essentially the iron metal Therefore, each helminth reprc- 
' scnts a unit of consumption in the iron balance in the body This unit will increase 
I in importance in proportion to the decrease of iron in the circulation of the host 
' It is known that in mammals the total amount of blood is approximately lo per 
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cent of the body weight Hence, the damage caused by a worm will be less impor 
tant in an adult of 60 kilos than in a child of 2.0 kilos This means that the mtemitj 
of infestation can be expressed only by a relationship between the number of worms 
living on the intestine and the mass of circulating blood, or roughly the bolj 
weight of the host Based on these data, we suggest that the intensity of mfcsu 
tion from Ancylostoma be figured according to table 3 
In order to determine approximately the number of helminths per kilo of body 

weight, based on egg counts, the following formula is used in which N reprc 

sents the number of eggs per gram of feces and P the weight of the individual ci 
pressed in kilograms Usually the infestation occurs with an equal number of male 
and female helminths, and as the females of the Necator are responsible for elim 
mating 36 eggs per gram of stools, we should divide the egg count by half of 36, 
which explains the factor 18 in the denominator of the formula Therefore, for 


Table 3 


Inlenstlv of tnfeslalion— Groups 

Helminths per kilo of body sceigkl 

I 

0 

11 ; 

0-09 

III 

1-4 9 

IV 

5-99 

V 

10-14 9 

VI 

oicr 15 


example in a child, 31 kilo body weight, with 5,000 eggs per gram of feces we bat 
=89 helminths per kilo of body weight, a case belonging to groupn''ofo“‘ 


classification . 

Following these studies on the administration of iron in the prophylaxis 0 
worm anemia considered as a deficiency disease, it would doubtless be veryimf^^ 
tant to determine the minimum dose of salt to be used, in order to ^ 

blood values at a normal level For this purpose, we submitted a patient, i 
high index of infestation, to several doses of ferrous sulfate added to t c 0 


Case Report 

C G ,10. years old, raidroad worker, white, Brazilian, resident of Mag6 Weight, 45 kd 

to the hospital on January II, 1546 Discharged April 4, 1947 after 

Patient complains of extreme weakness, is easily tired, has dyspnea and palpitation a ^ ^ ^ aaJ 

slightest physical effort Can not say for certain when illness commenced, the Jiving 

progressed in unnoticeable manner Says he had no venereal or rheumatic past 
malaria zone, informs never had malaria Drinks alcohol in moderation mucosas 

General exarntnatton Asthenic, badly nourished individual Skin yellovvc ’ pf thigh*- 

discolored, almost white Lesions of chronic scabies spread over OTnk, irregular^/ 

hands In the malar region on both sides and as far as the edges of the nose, } one month ‘ ^ 

of dark colormg and a little shiny can be noted On malleoli slight and mark'’ 

decrease or changes in appetite Teeth are in poor condition Tongue is w itc, ro 
teeth can be seen on tip 
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Digestive system Epigastric region is sensitive to touch, but docs not present spontaneous pain No 
constipation, in last t\\ o months, attacks of diarrhea have been frequent Liver and spleen notmcrcased 
in volume 

emulator system Pulse light, soft, and rhythmic, with 84 pulse beats per mmutc Blood pressure is 
ii°/75 Lack of thrill in neck vessels Ictus weak, located in fifth mtcrcostal space, one centimeter msidc 
the hcmi-clavicular line S} stolic murmur C++) soft, audible at pomt and at base Not spread by any 
focus Dirnmishes in intensity at begmning of inspiration, and, on the other hand, mcrcascs when the 
individual hes dow n or when the auscultation point is pressed with stethoscope In the prc-systolc, the 
auricular sound is heard in the mcsocardiac region Aa and Pa arc equal and normal 

Respirator) system and other systems, normal 

Sequence in hospital The sta) of the patient in the hospital was not apyrcxial due to two factors not 
connected with the Ancj lostomiasis (s') a secondary infection in some lesions of the scabies mentioned, 
(z) a dental abscess, both occurring hen health conditions were very poor With the use of iron, the 
symptoms and signs caused by the anemia diminished immediately At the end of the first week, the 


Table 4 — Hematologic Tests 



Date 


1946 

1947 


1 18 

1 25 

1 

2 4 

2 is 

|2 25 

|419, 

5 21 

8 12 

9 26 

11 19 

1 3 

1 26 

4 12 


Days of observation 


0 

' ^ 1 

16 

27 

37 

91 

123 

204 

248 

301 

345 

378 

444 

Red blood cells (loVml ) 
Hemoglobin (Gm /loo ml 

I 1 

1 

I 9 

1 6 

3 7 

3 7, 

4 9, 

5 I, 

4 5 

4 8 

4 6, 

4 3 

3 8 

5 0 

blood) 

1 5 

4 4I 

6 z 

8 8 

8 2. 

II 1 

11 0 

9 6, 

II 1 

9 0 

10 X 

8 6 

II 6 

Hematocrit (%) 

Mean corpuscular volume 

7 

14 

11 

2-9 

30 

35 

38 

34 

36 

33 

1 

'32- 

2-9 

38 

1 

(cubic micra) 

58 

73 

80 

78 

80 

'71 

75 

76 

75 

72- 

75 

76 

76 

Mean corpuscular hemoglobin 
(micro-micrograms) 

Mean corpuscular hemoglobin 

11 

2-3 

^4 

2-4 

111 

2-3 

2-3 

11 

'2-3 

10 

2-4 

2-3 

2-3 

concentration (%) 

11 

31 

2-9 

30 

'2-7 

32- 

32- 

x8 

31 

2-7 

32- 

3° 

31 


malleolar edema no longer CMStcd Urine cxammations, made immediately after the patient uas admitted 
to the hospital, and subsequent examinations, showed nothmg to mdicatc that renal function was 
affected Appetite was always good The attacks of diarrhea disappeared Forty days follow ing beginning 
of treatment, the patient had gamed 6 kilos weight Color of skin and of mucosas practicall} normal, for 
our environment, at end of February, that is, 45 days after admittance Tongue had regained tonus 
Physical resistance permitted the practice of active exercise without reappearance of dj spnea and palpita- 
tions Heart beat remained about 70 per mmute Blood pressure not changed, sj stole continuing between 
105 and 115 and diastole at 75 mm Hg Beginning the middle of March, systolic murmur no longer heard, 
only first sound found to be extended at point Auricular sound heard only when the heart, because of the 
requirements of physical effort, became hyperactive No opportunitv to make radiologic stud) of this 
case 

We accompanied clinical course of the anemia with frequent electrocardiograms 
We will analyze only two, spaced about three months apart The others are transi- 
tional between these two, or repeat the second, which represents, so to speak, the 
final modification observed 

In figure i (January 16, 1946) and figure 2. (April 9, 1946), the second (fig 2.) 
shows the following modifications when compared with the first 




HOOKWORM ANEMIA DEFiaENCY DISEASE 


I Slight rotation of electric axis of the QRS to the left 
2. Increased voltage on wave-length T in Di and in precordial positions left of 
the ictus, 

3 Positivity of wave-length T in V3 
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The electrocardiographic changes may partly be due to ^ th/ictus m 
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Di IS probably due to changes of the process of repolarization of ventricular myo- 
cardium, caused by better nutritive conditions of muscular fibers 
We started the therapy w^ith iron, administering ferrous sulfate, i o gram daily 
mixed with manioc flour, a food widely used in certain regions of Brazil The blood 
values increased rapidly from z o grams to 7 o grams of hemoglobin per 100 cc of 

- blood We decreased the dose to o 5 Gm daily, always added to the same food At 
the end of two months, the hemoglobin value was practically normal (no grams 

' per 100 cc of blood) We then tried to determine the minimum dose necessary to 
maintain a relatively normal hemoglobin level The administration of o i 
Gm daily was insufficient to maintain this level, and hemoglobm decreased from 

- II o Gm to 8 o Gm at the end of no days Experiments with o z Gm of ferrous 

- sulfate, however, proved to be a sufficient dose to avoid the decrease, and enough 



to keep the blood levels normal for 100 days A graphic presentation of this observa- 
tion is given m figure 3 

Attention should be called to the extreme clinical changes which occurred in this 
patient after iron was administered When be was hospitalized, the patient was 
entirely apathetic, without strength to move, remaining in bed for a considerable 
portion of the day As the blood values became normal, his functional activity was 
restored In the final period of treatment, he remained semi-hospitalized, and 
worked in our laboratory In carrying out his work, he walked daily about two 
kilometers from the hospital to the place of work He became quite active, as can 
be seen by the fact that several times a day he went to the animal house, about zoo 
meters away, going up a steep incline and climbing three flights of stairs on re- 
turning to the laboratory He no longer felt the symptoms of which he complained 
when he was hospitalized He became, from all points of view, a perfectlj normal 
individual 


/ 
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Eggs of Necator were counted periodically, for control of the biologic activity of 
the helminth and the persistence of the degree of infestation 
At the end of the trial period, five vermifuges (carbon tetrachloride i 8 ml -f 
Chenopodium oil o 6 ml ) were administered at weekly intervals Hehnmths to 
the number of 105 1 were eliminated, representing one of the most heavily lafcstaJ 
cases we have observed (infestation index = ^4 helminths per kilo of body weight) 
The fact should be kept in mind that the number of helminths eliminated represents 
a mmimum, since it is easy to understand that not only do some escape at rime of 
counting, but also others disappeared by natural death during the period of hos 
pitalization 


Summary 

I In individuals severely infested with Ancylostoma or Necafor, it is possible to 
maintain the normality of blood value by the admmistration of a sufficient dose of 
an iron salt 

X The minimum dose necessary to maintain normality of the blood in an in 
dividual weighing 45 kilograms, with 1051 helminths, was o x Gm daily offer 
rous sulfate, administered in mixture with manioc flour 

3 The patient observed became clinically normal two weeks after the bcgmnmg 
of blood regeneration up to the end of the trial period one year later In this period, 
with the various doses of iron tried, hemoglobin varied from 8 o to ii 0 per 100 
ml of blood 


ACKNOWLEDGMENT 

Wc owe thanks to the kindness of our colleague, Dr Genard Nobrega, for the case report and elccmv 
cardiographic study of the patient 

REFERENCE 

^ Cr02, W O and pI^^ENTA DB Mello, R Pfophylaxis of hookworm ancmia-dcficicBC) sp 
Mem Inst Osw Cruz 42 4oi“448, 1946 



A STUDY OF SICKLING OF YOUNG ERYTHROCYTES IN SICKLE 

CELL ANEMIA 

By Janet Watson, M D 

T he comparative scarcity of sickled reticulocytes and normoblasts m pa- 
tients with active sickle cell disease has been sufficiently striking to arouse 
comment by several students of that disease i la 2 3 observation led Murphy 
and Shapiro® to postulate that the occurrence of hemolytic crises might be due in 
part to the increasing tendency of the red cells to sickle on aging, in which case 
the reticulocytosis of a crisis might of itself be beneficial The fact that their patient 
showed a higher percentage of sickle cells in the plain smear before crises than after- 
wards seemed to lend further support to this theory In reviewing many blood 
smears of sickle cell patients, I was able to find only two normoblasts and one retic- 
ulocyte in the sickled form A quantitative study of the sickling of reticulocytes 
was therefore undertaken 


MLa.terial 

Three patients with active sickle cell anemia from the Hematology Clinic of 
Kmgs County Hospital were chosen for study because they consistently showed a 
high percentage of reticulocytes and sickle cells in their blood The Wintrobe oxal- 
ate mixture was used as an anticoagulant for the venous blood obtained 

Methods and Results 

I Scaled Preparation 

Ca) Blood Oxalated blood was mixed with equal parts of o 5 percent brilliant cresyl blue ino 85 percent 
NaCl soluuon One drop of the mixture was used to make the standard slide-cover slip preparation This 
vas sealed with paraffin, incubated at 37C , and exammed for sickling at firequent intervals In all cases 
sickling was complete withm two to four hours This mcludcd the reticulocytes as well as the occasional 
normoblasts present It was the impression that most of the reticulocytes sickled as soon as the mature 
red cells, with the exception of some of the most immature reticulocytes which were packed full of reticu- 
lum The normoblasts appeared to be the last to sickle The progressive sicklmg of the reticulocytes could 
not be counted accurately by this method, however, because of the irregularity of sickhng m different 
parts of the same preparation This irregularity has been mentioned by others, and is probably largel) due 
to uneven distribution of the leukocytes, which have an accelerating effect on the sicklmg of the red blood 
cells,'* ‘ presumably through lovsermg oxj'gen tension b} metabolism Platelet distribution may also be 
a factor ' 

QS) Bone Marrow One cc of sternal marrow was obtamed from one patient OV B) The buff) lajer 
was used in a scaled preparauon, made as described abo\c, in order to study the sickling of normoblasts 
Cresyl blue stains the cytoplasm of the basophilic and pofichromatophilic normoblasts, but not that of 
the orthochromauc normoblasts unless it happens to be reticulated The reticular network is easih dis- 
tinguished from the diffuse blue staining of the basophilic normoblasts It \\as found that none of the 
basophihc and pol) chromatophilic normoblasts were sickled after xq hours incubauon at 37C , whereas 
most of the orAochromatic normoblasts were in the sickled state Two of the latter npc containing 
Howelljoll) bodies, ho-wever, failed to sickle Since the orthochroraatic normoblasts ha\c a full quota of 
hemoglobin in their cytoplasm, their abilit) to sickle is not surprising Further c\ idencc for the primar) 
role of hemoglobin in sickling has been presented rcccntl) bi Ponder," who showed that when menisco- 
cites were made into ghosts b) 1) sis of their hemoglobin, the) lost their abilin to sickle 

From the Department of Medicine, Long Island College of Mcdianc, Brook^m, N Y 
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SICKLED ERYTHROCYTES IN SICKLE CELL ANEMIA 


1 Gas Chamber Method 

The apparatus used was essentially that described by Hahn and Gillespie® except that the chunbentu 
made of paraffin instead of glass A water scaled outlet was found necessary * Both carbon dioink aj 
nitrogen were used for sickling The same saline cresyl blue blood mixture was used Since the redccllsii 
the hanging drop can be studied directly with the oil immersion lens, this method has the adviiiu|t 
that the active dynamic process of sickling can be watched easily Here again most of the reticnlocjKs 
seemed to sickle as fast as the other red cells, but the great rapidity of the sickling— about twoninntt! 
for complete sickiing—madc impossible the i^uantitatisc timing of the transformation of the rwotypesof 
cells Rarely would the rearrangement of the hemoglobin m the process of sicklmg result m the teocalom 
being lost from \ lew Occasionally the formation of the Sherman holJj wreath ’ forms of sickle edk' 
made this method, as well as that of the scaled preparation, unsatisfactory Because of these disadvanosa 
a chamber method which would permit slower sickling and the periodic removal of cells for couimsj 
purposes was devised as follows 

3 Gas Test Tube Method 

A test tube, 15 x 40 mm , w ith a capacity of 5 cc w as set up with a gas inflow and outflow vw 14 gift 
needles through a rubber stopper The outflow w as equipped w ith a w atcr seal Carbon dioxide wis ostd 


Table i — Proiresstve SeckJeng of Reticulocytes upon Aeration with Carbon Dioxide 


Patient 

Time in CO* 

Relieulocvtes 

(per too RBC) 

Sidle Cells 
(per too RBC) 

Sickled Reliculocyles 
(per m RBC) 


mn 




L J 

0 

10 5 

9 5 

0 0 


1 

10 0 

45 0 

4 5 


5 

9 0 

81 0 

7 0 


10 

9 0 

5X 5 

85 

W B 

0 

xo 5 

15 0 

0 0 


X 

19 5 

x 8 0 

4 ° 


5 

XI 0 

69 5 

^3 5 


10 

xo 0 

90 0 

17 5 

J w 

0 

15 0 

5 

0 0 


X 

16 5 

33 5 

4 5 


5 

14 0 

76 0 

9 5 


10 

14 5 

93 3 

13 0 


SiciM Reliabiiln 
(per lOOretm I 


0 0 

45° 
777 
94 4 


0 0 
to 5 
64 3 
87 5 

0 0 
17 3 
67 8 
89 6 


for sickling One cc of the saline cresyl blue blood mixture was introduced into 
Small samples of blood were rcmosxd at appropriate intervals under oil with an 01 e tu 
and a xx-gage needle through the rubber stopper The blood was immediately mjecte 10^^^ 
fixation Reticulocyte and sickle cell counts had to be done immediately m order vis 

due to slow fading of the reticulum in formalin A x per cent formalin solution m ^ ^ 

found to be as good a fixative as the standard 10 per cent solution and had less of a o,i lO 

of the red cell suspension was placed on a slide under a cover slip, and a count was fjaof 

mcrsion of the reticulocytes and sickle cells Only zoo cells were counted because 0 
fading 

The data obtained are shown in table i The number of sickled 
found per 100 RBC was divided by the number of reticulocytes j-cticulo" 

order to calculate the percentage of sickled reticulocytes in terms 0 
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cytes By comparing these figures with those for the percentage of total sickJed 
cells, It IS evident that the rate of sickling of the reticulocytes is quite similar to the 
rate of sickling of the whole red cell population A reticulocyte in the sickled form 
IS shown in figure i 

A possible theoretic objection to the fact that sickle cells are not reticulated m 
an ordinary smear is that the abnormal shape interferes with the supravital stain- 
ing In answer to this objection, blood was completely sickled in the test 
tube chamber, after which an equal amount of saline cresyl blue, previously aerated 
with carbon dioxide, was introduced into the test tube under oil The blood was 
examined after two minutes, and the sickled reticulocytes were found to be well 
stained 



Fig I Fig z 

Figure i Mcniscocytcs sickled by carbon dioxide, stained with cresyl blue and immcdntelj counter- 
stained With Wright s stain Cells are shown in the process of unsickling with transition forms from the 
sickled shape to the biconcave disk Note the sickled reticulocyte at the left Two crescent forms hate 
developed elongated proce'sesat the ends The black spots with rcfractilccontours are artefacts in photog- 
raphy 

Figure z Peripheral blood smear stained with cres) 1 blue and Wright s stain Three reticulocj tes and 
seven crescent, elliptical and oval shaped sickle cells can be seen None of the sickle cells arc reticulated 
These sickled cells lack the bizarre shapes seen in Fig i 

In all three methods used, sickling of all erythrocytes and normoblasts was 
quickly reversible within a few seconds upon admission of oxygen to the system 

Discussion 

Direct counting of the progressive sickling of reticulocytes on aeration with car- 
bon dioxide (table i) by means of a gas test tube chamber has shown that most 
reticulocytes sickle as well as the more mature cells However, it was noted in this 
and in the other methods used that the reticulocytes with the largest amount of 
reticulum were usually late in sickling The few normoblasts observed were also 
somewhat slow Although this maybe due to the possibilitv that the most im- 
mature cells have a lower oxygen tension threshold for sickling, there is an al- 
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ternative explanation that the presence of a nucleus or of a large quantity of stair 
reticulum may mechanically interfere with the sickling process 
The virtual absence of reticulated sickle cells in the ordinary smear (fig i) sec 
paradoxic at first glance The sickle cells seen in the fixed blood smear appear d 
ferent from the ones produced by in vitro sickling 2.6 » The former are crcscc 
shaped, elliptic, or oval and do not have the long processes seen in sickled prcpai 
tions When viewed directly in a hanging drop, these forms are seen to send outo 
or more elongated processes at the pointed ends on aeration with carbon dioxide 
nitrogen, and to revert to their original shape on aeration with oxygen witho 
going on to the normal discoid forms For this reason these abortive sickle cel 
should perhaps have a distinctive terminology It may be that they are old ccl 
that have lost their “elasticity” from being kept in the sickled shape for lot 
jieriods of time in stagnant blood vessels Good evidence for the role of stagnant 
IS presented by Diggs and Bibb" who had three patients with sicklemia who hj 
irreversible sickle cells in their pleural or ascitic fluid, although they had nonet 
their stained blood smears It should be possible to produce these crescent font 
in vitro by keeping cells in their sickled shape for long periods of time, but attempt 
so far have been unsuccessful * It is a well known fact that sickle cells are not see 
in the blood smears of jiersons with the sickle cell trait This could be prcdicte 
since the oxygen tension necessary for in vitro sickling (18 mm Hg)^ would neve 


occur in vivo 


Reticulocytes, being young cells, may have more “elasticity,” so that thcy«« 
not fixed in the sickled shape in vivo Or it may be that the length of time for stag 
nation of erythrocytes to produce these abnormal forms may surpass the estimatcil 
five to six day life span of the reticulocyte If we accept Tomlinson’s finding” that 
sickled cells are actually stuck in the interstices of the spleen pulp and cannot k 
perfused out, it would seem that the spleen could be an important dragnet of sickl 
erythrocytes in those patients in whom that organ had not become entirely fihrotic 

There is disagreement as to whether the number of circulating sickle cells i 
from time to time in the same patient Diggs and Bibb- and Smith' foun 1 
variation, while Sydenstricker'^ and Murphy and Shapiro^ found that the sic 
cells increased before the crisis and fell after the onset Emmel" also note si^^ 
cant variation in his patient The high viscosity of sickled cells'^ and their a 
mal shape tend toward their sequestration in organs, so that there cou 
increasing accumulation of sickled forms without this increase necessari 
reflected in the peripheral blood If this is so, the diverse reports sickleJ 

investigators is not surprising The increased mechanical fragility o t 
cells 2 must be an important factor in their final demolition Thus, a 
in the destruction of the old sickled cells and in the outpouring 0 new y 
cells Although the reticulocytes appear to sickle as well as other ce s, 

* A personal communication from Dr Shu Chu Shen indicates that sterile p expos''^''' 

rocytes maintained in the sickled form renders them unable to reassumc the £,thcf 

oxygen The technic employed was the sterile incubation of dcfibrinated bio j-jmed out 

mic patients or those showing the trait for only nventy-four hours This 
preliminary equilibration with and during continuous exposure to a gas mixture 
nitrogen and lo per cent carbon dioxide 
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not found in the irreversibly sickled shape As the maturing red cell stagnates m 
anoxic organs, irreversible sickle forms appear, and augment the vicious cycle of 
stagnation, anoxemia, increasing sickling, thrombosis, and hemolysis 

Summary 

I Data have been presented to show that most reticulocytes from patients with 
the sickle cell trait or sickle cell anemia sickle as readily as do more mature red 
blood cells The most immature reticulocytes and normoblasts tend to sickle more 
slowly 

2. Orthochromatic normoblasts were the only type of normoblasts which 
sickled, the basophilic and polychromatophilic types could not be sickled 

3 It IS suggested that the sickle cell forms seen in ordinary stained smears repre- 
sent old cells which have lost their elasticity” while stagnating in the sickle 
shape, and are unable to revert to a biconcave disk This would explain the fact 
that these forms are so rarely found to be reticulated when stamed with brilliant 
cresyl blue 
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tion we shall concern ourselves, however, with the plasma proteins and the specific 
chemical reactions upon which their physiologic functions depend 

The relation of fibrinogen to the clotting of the blood was implicit in Hewson’s 
discovery Although Hewson found ways of blocking fibrin formation it remained 
for Andrew Buchanan to demonstrate, in 1845, ‘ that fibrin has not the least 
tendency to deposit itself spontaneously in the form of a coagulum that like 
albumen and casein, fibrin only coagulates under the influence of suitable reagents 
and that the blood, and most other liquids of the body which appear to coagulate 
spontaneously, only do so, in consequence of their containing at once fibrin and 
substances capable of reacting upon it, and so occasioning coagulation The 
substance which Buchanan noted, by virtue of its physiologic action, was pre- 
sumably thrombin Satisfactory studies upon thrombin as a globulin, were, how- 
ever, not carried out until this century 

Meanwhile albumins and other globulins had been noted in terms of chemical 
properties, often however, without these properties being associated with specific 
biologic functions The chemical studies which have continued during the last 
century have yielded relatively pure preparations of albumins and demonstrated 
that there were many kinds of globulins 

Molecular Dimensions of Plasma Protems Although there is evidence of more than 
one albumin^®-^® all serum albumins which have been studied thus far, of human or 
animal origin, have closely similar molecular properties, isoelectric points near 
pH 4 9, molecular weights near 70,000 and molecular dimensions described as ellip- 
soids 150 Angstroms in length and 38 Angstroms in width All plasma proteins 
thus far investigated have diameters of this magnitude or greater If the smallest 
dimension is less, the molecule appears not to be retained in the blood stream, but 
to be lost through the kidney Among molecules of the same diameter, where loss 
occurs It appears to be inversely related to the length of the molecule This should 
apply not only to rod-shaped molecules of diameters of the order of 2.0 Angstroms 
or less,* but also to the plasma proteins under pathologic conditions Among 
plasma proteins with roughly the same diameter, of 38 Angstroms, the /Srglobulins 
which combine and transport copper and iron, have been estimated to have a 
length of 190 Angstroms, the 7-globulins, concerned with immunity, of 2.35 
Angstroms, and fibrinogen, concerned with blood coagulation, of 700 Angstroms '' 

The viscosity of proteins depends, of course, not upon their size but upon their 
asymmetry Thus fibrinogen, the most asymmetrical of the plasma proteins has an 
intrinsic viscosity six times that of albumin Were it present in the plasma in large 
amounts, instead of to but 4 per cent, it would impose considerable burden upon the 
circulation Serum albumin is far more svmmctncal, a 15 per cent solution being 
isoMscous with blood 

The albumins are, moreover, the most stable, the smallest and the most copious 
of the plasma proteins Present in normal plasma to just o%er 50 per cent thc\ arc 
responsible for nearh So per cent of the colloid osmotic pressure \%hich regulates 
the equilibrium in water and clectroh res between the plasma and the tissues, and 

Ch ru.Ltcristic of the \ «rious ‘luct^c'stcd blood <iubvtuutc^ w hich u cre c\^n incd but r;u s. 

to the \n cd Forces 
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thus play the major role in maintaining the volume of the blood upDn win 
normal circulation depends 

The molecular size and shape of proteins, once they are separated as homogcno 
chemical components, may be estimated by measurements of osmotic pre:>sure i 
of viscosity The ultracentrifuge renders it possible, however, to disnngu 
proteins of different molecular dimensions even in so complex a mixture as i 
plasma The constant defining the speed of motion of a protein in the field of i 
ultracentrifuge, for the development of which we are indebted to Svedberg,"' 1 
revealed proteins sedimenting in plasma with four very different velocities 
Those sedimenting with the smallest velocity include the albumins and cert: 
globulins The other globulins which have been separated and fibrinogen sedirac 
with other velocities However, ultracentrifugal analysis does not permit us 
distinguish a large number of components in the plasma 

Electrophoretic Mobilities of Plasma Piotenis Solubility studies during the nir 
teenth century indicated that there were many glbbulins and classified them 
euglobulin or pseudoglobulin, depending upon their insolubility or solubility, 
the absence of salt, or in concentrated salt solutions Electrophoretic analpi 
refined by Tiselius, distinguished globulins in terms of their mobility in ancketr 
field and designated them a-, and 7-globulins Better resolution by d 
optical system employed in the analysis has revealed more than one a-, more tfia 
one / 3 -, and more than one 7-globulin Two a-globulins, a-i and a;-, two 0 -glol>' 
lins, /3,- and ^2-, and two 7-globulins, 71- and 72-, the second one, in animal 
sometimes termed a T-globulin, are now often designated If we include theresu 
of electrophoretic analyses the number of protein components of plasma recogoiz! 
by physico-chemical means has thus increased to nine or more from the three rccoi 


nized a century ago ^ 

Hormones A very large number of protein components of the plasma 
postulated on the basis of physiologic or immunologic properties Some 0 
have been concentrated and characterized Others, like the hormones, 
components of the blood, have rarely been separated from it, or even dctectc 
Immiiiioproteins Immunologic studies have led to the recognition and t cstu 
complement and its components^®"®® and of a variety of antibodies 
have been characterized, as euglobulins and as pscudoglobulins, m 
solubilities Many, but not all, antibodies have been characterized as 
in terms of their electrophoretic mobilities Among 7-globulins ^ ^rdci 
described of very high molecular weight, others of molecular weights 0 
of 156,000 For the most part, however, these immuno-chcmical ^5 j^ani 

led to the isolation of pure antibodies of which there could concciva y 
as the antigens which have led to the production by the body of speci gj^ouni 
Enscvmes Prothrombin is presumably present in the body m but sma^ p[.(yfoc£ 
and the action of thrombin is now generally regarded as t},cir 

of a ' arge number of other enzymes has since been demonstrated by 'vtt 
specific interactions Thus there is the proteolytic, fibrinolytic, ainyJast- 

plasmin, a well-defined scrum esterase, two phosphatases, a substa'’'^^ 

and a number of peptidases, among them hypertensinase Most 0 t 
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are far better known in terms of their chemical interactions than of their molecular 
properties 

Ltpopmews Recent investigations have demonstrated the presence of different 
lipoproteins in the plasma, moving in the electric field respectively with the 
mobilities of a^- and /3i-globulins One of these lipoproteins is an asymmetric 
molecule with a molecular weight of roughly xoo,ooo Another is a large spherical 
lipoprotein with a molecular weight of over a million These lipoproteins are 
noteworthy both because of their physical properties and because they render 
soluble such water-insoluble lipids as cholesterol, carotene and the steroids and 
because the specificity of their interactions is such that one of the estrogen hor- 
mones, estriol, has been found to be combined not with all, but only with one of 
these lipoproteins, the large spherical jSi-lipoprotem''^ 

Albtimuu Until recently the greatest emphasis has been upon the osmotic func- 
tion of the albumins in maintaining the equilibrium between water and electrolytes 
in the blood and in the tissues The development of normal human serum albumin 
for use in military medicine, for the treatment of shock, burns and hypoprotein- 
emia, depended upon the molecular properties of albumin However, as Benn- 
hold^® and later investigators®'* suggested, albumins interact with a variety of 
smaller molecules, notably with nonpolar amons such as aliphatic fatty acids®-’ 
and are presumably responsible for their transport in the blood stream Albumins 
also interact with a variety of dyes®® including Evan s blue, often used in estimating 
blood volume®® with naphthoquinones such as those developed as antimalanals®® 
and with a variety of other dyes Albumins also combine with a variety of 
drugs, such as atabrin, neosalvarsan,®® and digitoxin,'*® mercurials** and sulfa 
drugs*® *® 

Crystalltxed Human Serum Albumins Not all of the properties that have been 
ascribed to the albumins are due to these molecules In order to demonstrate this, 

It was necessary to prepare highly purified crystallized human serum albumins *' 

Human serum albumins that had been crystallized by earlier methods were 
demonstrated to contain over x per cent of long chain fatty acid *® The albumins 
that we have crystallized, in very satisfactory yield, from alcohol-water mixtures 
of defined pH and ionic strength at low temperatures also contained fatty acid, but 
the amounts present were far smaller, of the order of one mole stearic or oleic acid 
per mole of albumin The fatty acid appeared to form an integral part of the crystal 
structure and, in fact, crystallization appears to be greatly aided by the presence 
of such amounts of fatty acid and by the addition of higher alcohols such as n- 
decanol The amounts of the alcohol that have been found useful and with which 
the albumins combine range from tw'O to ten moles per mole Crjstallized with the 
aid of such reagents, albumins can be recrystallized under a \aricti of ph\sical 
chemical conditions and in a variety of cr}stal forms 

The resolution of the various albumins that crjstallize together required a more 
specific method of crystallization in order to ^ icld chemical indi% iduals Conditions 
for crystallizing horse serum albumin of constant solubiliti had been determined 
in our laborator> before the war b^ McMeckin *” This method has thus far not 
been found effective for cr> stallizing a fraction of human scrum albumin Hov c\ er 
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a large fraction of the human scrum albumins crystallized by the decanol method 
has been found by W L Hughes, Jr , to form a relatively insoluble crystalline 
mercury compound “ The albumin separated in this -way appears to be a chemical 
individual -whose solubility behavior approximates to that of a simple chemical 
substance 


Although serum albumins combine with a larger number of equivalents of 
mercury the amount with the albumin in the solid phase of crystals precipitated 
in this way is but one-half a mole of mercury per mole albumin That is to say, each 
mole of mercury appears to be combined with two albumin molecules in the solid 
state In solution, however, this complex dissociates Albumin of double molecu 
lar weight has been detected in the ultracentrifuge and reconverted to normal size 
either by the removal, or the addition of larger amounts, of mercury 

Vigimnt Protetm Serum albumin had previously been reported to combine with 
hematin and with bilirubin Upon adequate recrystallization, the amount of both 
diminish until they can no longer be readily detected spectrophotomctrically 
Upon equilibrating such pure serum albumin with these substances, however, 
combination can be demonstrated and quantitatively estimated Albumin which 
we have recrystallized has been studied in equilibrium with hematin” and with 
bilirubin At alkaline reaction albumin combines with as much as three moles 
bilirubin per mole albumin At acid reactions, however, the bilirubin is free and 
can be removed by dialysis 

Bilirubin is also a component of a true pigment protein of the blood stream, 
normally present to less than a tenth of a per cent of the plasma proteins This 
bilirubin pigment protein interacts strongly and is, therefore, separated with 
difficulty from the 50 per cent of albumin in plasma It has now been separated, 
however, and alone of adequately purified plasma proteins, gives the indirect vai 
den Bergh reaction Another pigment protein responsible for a very charactcriscK 
blue-green color does not give this reaction and although often found associat^^ 
with crude albumin preparations is a globulin concentrated in our system 
fractionation in Fraction IV-i, whereas the yellow pigment, due to bihru in, is 


concentrated in Fraction V-i . 

lodopiotews Iodine combines with essentially all proteins, entering t c 
ring to form diiodotyrosine and also entering the iraidazol ring Alburn n 
iodine has been prepared and crystallized by Salter from horse scrum n 
the distribution of iodine in the human plasma fractions that we sc^^^ 
some has always been found with the albumin, some however, has 
Fraction IV-6 The further study of the lodoprotein in these fractions shou 
more regarding the nature of the plasma molecules of which it is a 
Metal-Combimng Proteins It has long been known that copper, iron 
combined by plasma protein The separation of the plasma ^^.fions ha 

in which are concentrated the molecules responsible for spcci c ^ jnd 

yielded, in Fraction IV-7, the ffi-globulin responsible for the 
transport of copper and iron and perhaps of zinc in the p 
relation of the copper and iron in plasma had been note m 
The combination of a component of plasma with iron was no 
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3 Binding of Copper am! Iron by BvGlobuhn {Fraction IV-y') 

Solutions 


X per cent solutions of the following proteins arc used Volume of each solution, 300 
Fibrinogen (Fraction I) ' 

7-GIobulin (Fraction II) 

/ 3 |-Globulin (Fraction IV-7) 

Albumin (Fraction V) 

/ 3 i-Globulin (Fraction IV-7) control* * * § j 


cc 


[ All arc dissolved in pH 8 5t F/l = o 05 barbiturate buffer 


Reagents 

1 CuS04 5 H;0 

Four bottles each containing o 0x7 Gm CuSO^ 5 H »0 dissoKcd in zo cc H -,0 
X FeSO^ (NH,>SOj 6 H ;0 

Four bottles each containing o 048 Gm FcSOi (NH^^-SO^ 6 H ;0 dissohcd in xo cc ocoi Mac 
acid 

3 One bottle containing xj cc 1 M acetic acid 

4 One bottle containing 17 cc i M NaOH ■- 


Method of Demonstration 

AH solutions must be stirred during addition of reagents 

I Copper Binding 

Add copper solution to all protein solutions / 3 i-Globulin is the oni) protein solution thatu’iUp 
a positive reaction A ycllois green color develops in 3-5 minutes pH is about 8-8 x 

1 Iron Binding 

Add iron solution to all protein solutions ft-G!obulin again gucs the only positu’c reaction Ar 
color des clops in 3-5 minutes ns the copper is replaced bj the iron pH is about 8-8 i 

3 Splitting Iron off the ProtetnX 

Add the acetic acid The protein solution regains its original appearance pH is about 4 3 

4 Recombining the Iron 

Add the sodium hydroxide The red color reappears pH is about 8-8 i 

Note The yclloss-grcen color of the copper and the red color of the iron become snmewM^ ® 
intense with time 


4 Modified van den Bergb ReactioiF^ for Identification of Bilirubin 


Solutions 

1 per cent solutions of the following plasma fractions are used Volume of each, 110 cc 
Fraction II 
Fraction IV-x 

Fraction rV-7 • All solutions arc made up in pH = 8 6, T/x = o 015 §b3rbituratc buffer 
Albumin 
Fraction V-i-B ^ 


* The reagents listed below ate added to the control about 4-6 hours in adiance of 

, I due to acidi') 

f This pH IS lowered slightly upon the addition of the copper and iron sa t^^ ^ 

salts themselves, and because o 001 M accuc acid is used to dissolve the FeS i C i ^ 

J It IS necessary only to add acid and base to the /3i-Globulin solution since it 

caction to the iron . f^om preop’'"'"' 

§ The ionic strength of Fraction 11 is adjusted to o 04 with 1 M Na to precipu^'^ 

on addition of reagents II higher ionic strength for IV-z and V-i-B is use , t 
adding reagents 
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Reagents 

I Solution A 

I g SuJfanilic acid dissolved in 15 cc concentrated HCl and diluted to i liter with water 
1 Soluuon B 
o 5 per cent NaNOj 

3 Diazo reagent prepared fresh by adding solution B to solution A in the following ratio o 3 cc 
B to 10 cc A 

4 Absolute methanol 

The reaction mixture to be added to the protein solutions is prepared about an hour before the demon- 
stration, as follows 

Add 3 7 cc solution B to 150 cc solution A Add 150 cc of this diazo reagent to 950 cc absolute 
methanol * 

Method of Demonstratton 

Add 180 cc of the above reaction mixture to each of the protein solutions with vigorous stirring 
A precipitate may form, but will redissolvc 

The V-i-B solution will dcv^clop a pink color almost instantancousl} The other solutions give v 
negative reaction 


5 Coarse and Ftne Types of Fibrin Clotsf 

Solutions 

A X per cent solution of Fraction I is prepared for this demonstration 

Ntf/f The Fraction I used is dried from the frozen state from a 1 per cent isotonic solution in sodium 
citrate, volume 300 cc and it is only necessary to add 300 cc distilled water to reconstitute it pH = 
about 6 3-6 6 

After the Fraction I is dissolved it is clarified, b) filtering successiv'ely through D-o and D-3 Horman 
filter pads These pads may be first washed with o i M acetic acid, then with w ater to free them of acid 
After filtration the solution is divided into two 113 cc portions One remains as it is at pH 6 3-6 6, 
the other is adjusted to about pH 8 by the addition of 18 8 cc i M NaHCOj solution 

Reagent 

The onl) reagent necessary is a thrombin solution made b} dissolving two small bottles of thrombin 
(about 500 units each) in 50 cc o 13 M NaCl solution 

Note If this solution is cloud) it is clarified bv filtration through a small D 5 Horman filter pad 

Method of Demonstration 

Coarse Clot To the pH 6 3 poruon of Fraction I, ix 5 cc thrombin solution arc added and stirred 
quickl) to mi\ the two solutions 

In about 5 minutes a clot forms firmly enough to permit inversion of the container This clot is opaque 
Fine Clot To the pH 8 portion, ix 3 cc thrombin soluuon arc added and stirred quicklv 
In about 5 minutes or slightlv longer, a firm clot forms, so that the container can be inverted This 
clot IS clear Note This clot forms a little more slowlv than the coarse clot 

Summary 

The chemical methods that have been developed for the separation, concentra- 
tion and purification of the protein, glycoprotein, mucoprotcin, and lipoprotein 

• Reaction mixture should not develop a color If a color develops it is probablv due to an impjritv 
in one of the reagents Therefore fresh reagents should be prepared 

t This demonstration depends upon the evp'riments of J D Ferrv and P R Morrison 
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components of any biologic system, by fractionation in alcohol-water mixtures 
controlled pH, salt, and protein concentration, at the subzero temperatures net 
sary to prevent denaturation, have thus far led to the recognition and conccBti 
non of over twenty-five different protein components of human plasma TIk 
include albumins of more than one kind, immune globulins which differ intb 
physical properties and interactions with antigens lipoproteins which differ 
their physical properties and interactions with steroids, enzymes with proteai 
peptidase, lipase, phosphatase and esterase activity, thrombin, fibrinogen, andti 
antihemophilic globulin concerned with blood coagulation, lodoprotcin and tl 
recently crystallized metal-combining protein which interacts with both copp 
and iron and is presumably concerned with transport in the plasma 

This number of plasma proteins is far greater than can be detected electrophorci 
cally or in the ultracentrifuge Chemical fractionation has yielded at least foi 
^j-globulins and at least two ai-and three ao-globulins The aj-globulins include 
mucoprotein and glycoproteins of more than one kind, the aj-globulins, thcbil 
rubin-containing globulin in Fraction V-i and the lipoprotein in Fraction IV i 
The /3i-globulins include the carotene-rich euglobulin which combines with thre 
times Its weight of lipid as well as a high molecular weight lipid-free 
both of which are concentrated in Fraction III-o Fraction III also contains ft 
globulins of different molecular properties The iron-binding component of tb 
plasma, crystal ized from fraction IV-7, is a lipid-free /3]-globulin and is mon 
closely related to the albumins than to other globulins from the point of view a 
osmotic activity Elcctrophoretically indistinguishable, these different /Srglob lo. 
have no other common property The lipid-binding plasma component is a dr 
euglobulin, the iron-binding jSi-component a pscudoglobulin They differ in nz£i 
shape, in solubility, in chemical composition and interaction, and in physio og 
function 

The separation and concentration of the various proteins of human ^ 

undertaken during this war in order to render as many as possible 
therapeutic agents and thus to increase our knowledge and control 0 t c 
position of the blood in health and in disease Many more have been 
are being studied chemically than have thus far been brought 
Their study renders possible the further investigation of the chemica 
the interactions of the plasma proteins, which are responsible for many 
that have in the past, or may in the future, prove of value in the clinic 
of pathological sera and the understanding of the specific protein compof^ 
either elevated or deficient in this condition 
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THE SPAN OF LIFE OF THE RED BLOOD CELL A RKUMi 
By Winifred Ashby, Ph D 

T he question of the life span of the red blood cell has been an open ok 
for the past hundred years Beginning with naive attempts to determine the 
duration of the corpuscle in the circulation by transfusions of foreign nudead 
cells into the mammalian blood stream,* the quest continues as of November 19^6 
with the most modern biologic tool, the isotope, and with full benefit of higher 
mathematics in the analysis of the data collected A solution at last seems to be in 
sight 

The fact that the mammalian red blood corpuscle is an incomplete cell, which 
has lost Its nucleus, together with the fact that it is of necessity sub|cctccl to the 
stress of contortion as it passes through the capillaries, has made its ephemeral 
existence an acceptable hypothesis To anyone who has had the privilege of 
seeing the beautiful moving picture made by Professor August Krogh showing 
the opening and contracting of the capillaries and of the red blood cells being 
crowded through them, it is amazing that the frail erythrocyte should survive 
for any great length of time 

Two schools of thought have arisen concerning this subject One is influenced 
by the seeming fragility of the corpuscle irreconcilable with any long buffeting 
in the circulation Its members still accept the earlier work upon the rate of bik 
pigment excretion which argues for a short life of the cell - The chief protagonist 
of this school is Dr Raphael Isaacs His expressed opinion as of 1938 ^ 

follows "As the erythrocytes in mammals are non-nucleated it is evidently iinpo* 
sible for repair and metabolic nutrition to be a part of their normal physio 0^ 
Their life duration must be limited and is probably shorter than most of the ^ 
tissue cells, but the exact or even approximate length of service is 
This opinion is still acceptable to many authorities in the field of blood p ysw 
and has appeared in some of the postwar textbooks, in which the 
blood destruction is discussed For instance, in 'An Integrated Practice 0 
cine"'* (1946), edited by Harold Thomas Hyman, we find 
on page 1038 ’ The life of the normal erythrocyte is very limited an pr 

does not exceed a span of more than six weeks ’’ , cor 

The other school bases its judgment upon certain technics whic tag 
puscle, cither directly or indirectly, and enable the observer to 0 
It IS eliminated The members of this school accept, notwithstan mg 
improbability, a life span of approximately izo days for the red ce m 

body 

The Metabolism of the Mammalian Red Blood Cell ^ ^ 

Since this supposed frailty of the non-nucleated 
a part in our thinbng concerning the span of life of the red 0 

From St Elizabeths Hospital, Washington, D C 
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seem well to examine the evidence which concerns the position, from the point 
of view of metabolism, which the red cell holds in the society of cells which 
compose the mammalian organism 

In the first place, although the nucleus is necessary for cell division and reproduc- 
tion, It IS not necessary for the continued life of the cytoplasm This has been 
beautifully demonstrated by Dr Chambers, especially in his work upon the 
enucleated ameba, which sun^ives for a long time, forming contractile and gastric 
vacuoles The nucleus is not, as one was inclined to think in one’s high school 
days, the brain which directs the metabolic activities of the cell The cytoplasm 
also has its enzymes by which its metabolic activities are accomplished One 
thinks of the various components of the cell as being produced in situ from previous 
material of the same kind For instance, botanists have long regarded the plasted, 
that component of the cytoplasm in which starch is produced when the leaf is 
illuminated, as being capable of reproducing itself and of passing on as such when 
cell division occurs ® In the recent conference on the chemistry and physiology of 
gromh held at Princeton, the question was proposed as to the passivity of the 
cytoplasm and attention was called to self-perpetuating cytoplasmic entities in 
lower forms which could be passed from the cytoplasm of one cell to another, 
dependent to some extent upon the genes of the host ® In line with this are recent 
disclosures by way of the isotope To quote Addison Gulick “Studies with radio- 
active nitrogen have demonstrated that proteins in the living cell are constantly 
undergoing exchanges of their amino acid residues Thus, even after it is com- 
pletely synthesized, the protein molecule does not maintain its absolute identity of 
material, but merely a steady state with like configuration of like materials 
The same author mentions the fact that the cytoplasm has its own nucleoprotein, 
which IS different from the nucleoprotein of the nucleus, but is of the same type as 
that found in viruses, or at least in the tobacco virus And the tobacco virus is 
not only capable of maintaining itself, but, given the cooperation of a smtable cell, 
of very extensively reproducing itself Red cells are reported to contain nucleo- 
proteins They also contain catalysts such as phosphatase, carbomc anhydrase, 
coenzyme, choline esterase, catalase, urease, lipase Barron^ quotes some work 
indicating that red cells can synthesize flavin adeninc-dinucleotine from riboflavin 
in vitro and in vivo It would seem then that the long cherished conception of the 
histologically minded hematologists that the red cell is a passive hemoglobin 
containing sac with little other content, will have to be modified 

We have several indirect points of evidence to the effect that the red cell may 
be able to repair itself For instance, a small amount of glucose, the prime source of 
metabolic energy, aids in preventing deterioration of drawn blood Maizels has 
shown that glucose inhibits the breakdown of organic phosphates in the stored 
cells ® Maizels and Paterson showed that stored cells that had taken up sodium at 
the expense of their normal potassium, although they still possessed this excess 
after half an hour in the blood stream, lost it in twenty-four hours against the 
steep concentration gradient produced by the content of the patient s serum They 
consider that the cells have been reconditioned” in a more complex manner than 
would be accounted for by a simple physical process There is also the loss of the 
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Specific polysaccharides constituting the a and b antigens, which takes place whea 
cells are stored under the stabilizing influence of a lowered temperature and rc 
moved from the strain of the circulation Whereas under the stress of the circulation 
the high degree of agglutinability is maintained This would suggest that in wo 
the corpuscles have capacity to replace the loss of these specific polysaccharides 
The very low metabolism found by Warburg, at least in the corpuscles of man, 
is rather against the idea of the synthetic repair of the red ceil in the blood stream, 
since energy is required for the building of protein and of the polysacchandcs '' 
Ramsey and Warren find the respiratory rate of red cells to be comparable to the 
rate of other resting tissues (30-70 mmVGm/hr) G P Wright finds that normal 
orthochromatic erythrocytes have a negligible respiration, if any, but thatoxida 
tion increases with increases in reticulocytes and is in proportion to their numbcf 
present Similar findings had previously been reported by Barer, Needle and 
Baldridge The argument in favor of any metabolic repair in vivo would be mJ 
bad way if it were not for the work of Harrop and Barron who showed that non 
nucleated erythrocytes respire to an extent comparable to the respiration of other 
tissues in the presence of a hydrogen acceptor They used methylene bluc“ 
Following this, Michaelis and Salmon found in aqueous extracts of the bodf 
tissues, notably the liver, something which acted in a manner similar to methylene 
blue and raised the respiratory rate of the red blood cells to the level of tissue 
cells It would seem almost certain, then, that in vivo the metabolism of the red 
cell IS such that the cell would have the energy necessary to repair its own dctcriori 
tions 


The Study of Transfusions and Hemorrhage 

The first attempts to determine the life of the erythrocyte, that from the point 
view of our present knowledge must be considered seriously, were the stu 1 
transfusions or of hemorrhage using changes in the total blood count as 
indicator Huntcr,^'^ in a report before the Royal Society of Edinburgh m i 5 
own work in this line and of that which preceded his, gives the a 

Ward-MiUer, Quinck, and von Ott Ward-Miller transfused dogs an 
plethora After two or three days he judged that the number jjjc 

responded to the number transfused plus the original count After a cw 
count had returned to its first level Hunter, in order to avoid the a oof® 
dition of plethora, injected blood intrapcntoneally, von Ott 
amounts of blood, injected defibnnated blood and observed the time 
total count to drop to a minimum The period of observable change m 
this work was between fourteen and twenty-six days continuf<^ ® 

Various modifications of the above typje of experimentation y produtfi^ 

date In 1934, Escobar and Baldwin introduced a new face»in t pjasinJ 

the plethora by exposure to low oxygen pressure They also ® .5 .0 found 

volume They did not count reticulocytes, which Rous and 0 ^vitb 

reduced to zero in their studies of increase m fragmented bcyo“‘^^ 

plethora They did not allow the ccU count to increase ,00 

certain arbitrary amount because they said, If the cell 
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compensatory erythro-dcstroying mechanism begins to act and the supernumerary 
cells under observation may not live out their allotted normal life span ” The 
results of these ivorkers are in good agreement with other work in which this 
general method has been used In rats the count returned to normal in from twelve 
to eighteen days, in the dog from sixteen to twenty-three days, in man from 
eighteen to thirty days 

In all of this work which deals with the whole blood there are three under- 
lying factors, and probably a fourth, two of which are quantitatively indeter- 
minate and therefore vitiate any quantitative results The quantitatively indeter- 
minate factors are blood destruction and blood production In the reticulocyte 
count we have a qualitative index of blood production, but there is no way in 
which the number of reticulocytes can be interpreted in terms of the number of 
red cells that are being produced The length of time that an increased count 
remains above normal could be taken as an index of the length of time that the 
cells producing this increased count remained in the circulation, only if we were 
certain that no change had taken place in the relative rate of production and 
destruction which maintained the original cell count This we cannot assume 
In fact, we have evidence in the work of Rous and Robertson-^ that plethora causes 
a reduced production, as shown by absence of reticulocytes and by a reduction in 
the count of cells in the bone marrow, and also an increased destruction, as shown 
by the increase of schizocytcs in the spleen Both increased destruction and de- 
creased production would cause the count to return to normal without the neces- 
sary destruction of the cells introduced to cause the excess counts, especially if the 
excess cells were the youngest cells in the community, as would be the case in the 
experiment of Escobar and Baldwin The duration of the plethoric count would 
always be shorter than the life of the cells which produced it 

In 1930 Eaton and Damren made an interesting contribution to the problem 
They subjected rabbits and dogs to fairly severe hemorrhage and studied the 
appearance of reticulocytes The curve of their appearance showed marked crests 
which gradually subsided through five or six cycles The interval between crests in 
the dogs’ curves was approximately sixteen days and that of the rabbits eight and 
one-half days They i^er that the blood which is produced in the first crest is 
destroyed and its destruction is the stimulus for the second crest, and so forth 

These data would be strong evidence in favor of the shorter term of life of the 
red cell, if there were not some indication that activities of the organism do not 
proceed at a constant rate, but are subject to more or less regular fluctuations 
From this pomt of view these data could be explained as magnifications of these 
tendencies to periodic increases in growth activity caused by the stimulus of 
increased need This tendency to rhythmic fluctuations in the anabolic and cata- 
bohe activities of the organism, which appear to become more evident under 
stress, needs to be recogmzed clearly in attempting to evaluate the evidence con- 
cerning the length of life of the red cell 

Ashby in 192.1 reported that “Group O corpuscles transfused into a recipient 
with agglutinable corpuscles disappeared in steplike intervals that might be from 
two to four weeks in span Wearn, Warren and Ames using the same techni 
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failed to observe these abrupt changes, but they admitted that their observations 
may not have been sufhciently closely spaced to catch them Of course there arc 
many rhythmic phenomena which have been studied in relation to the mcnstnul 
cycle, but there is also evidence that such rhythms occur independently Theyisir 
be seen in weight curves in persons on a reducing diet The cross striations on the 
fingernails have been attributed to such fluctuations in growth Upon measuniig 
the growth of a scries of fingernails through several weeks, I have found suefc 
fluctuations at intervals of from twelve to fourteen days Schultz, in a study of 
fetal growth in man, states that the rates of growth of different parts of the body 
are frequently found to alternate during fetal life which indicates a cenjw 
fluctuation in the rate of growth ” (p 391) One of the most careful studies of 
these fluctuations was made by Broun, McMastcr and Rous They used this 
phenomenon in tbcir study of the relation between blood destruction and tbeom 
put of bile pigment They describe it as slow, wavelike changes in hemoglobi; 
content and bile pigment output with often as much as a fortnight elapsing betwcti 
crest and crest If we arc willing to accept the longer life of the red blood cell, thu 
the findings of Eaton and Damrcn also become evidence for a pcnodicity in thi 
activity of the hemopoietic system 


Bile Pigment Metabolism and the Span or Lite of the Red Blood Ceu. 

Since bile pigment is derived from hemoglobin it is inevitable that measure- 
ments of bile pigment excretion will have played a large role in our estimations M 
the life of the red cell , 

The earlier conceptions of bile pigment as derived exclusively from the rea^ 
down of hemoglobin and as being excreted in its entirety, give the red ° 
life, when calculated on the basis of the known quantitative relationship 
hemoglobin and bile pigment Wilber’s hypothesis of a conservation of 
complex for the formation of fresh hemoglobin by reabsorption from 
would still further reduce the figure for life span of the red cell It 1 
Whipple and Hooper introduced the conception that bile pigment 
from other sources than hemoglobin that evidence of a longer life 0 t c 

became tenable ^ jircct 

Following the earlier work, in which calculations were base 
relationship between bile pigment excreted and hemoglobin ’ Q|jjj,ility 

in 1913^ Wilber and Addis-® in 1914 and Addis® m 1915 emphasize of 

that bile pigment was reabsorbed from the intestine and used or ^ 
hemoglobin as the needs of the organism demanded This theory (Jispro'"^ 

of experimental work, some of which appeared to support it an so 

It J rings 

In 1917 Hooper and Whipple®® published the results of some ^1^^. mtesn'’^ 

they considered, indicated that bile pigment was not absor e r pig 

They studied dogs with biliary fistulas to determine the norma 
ment excretion, after which they injected from 100 uot for six 

stomach tube They determined the rate of excretion of bile p S ^ 
and in some cases for fifteen hours afterwards They foun n 
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In 1913 Broun, McMastcr and Rous’’* repeated this work with an improved 
technic for collecting the bile which enabled them continuously to obtain the 
whole twenty-four hour specimen They worked with dogs and part of their 
experiments consisted in the injection of sheep bile which contained cholehematin, 
a substance not found in dog bile They found this in the dog’s biliary secretion 
and considered this partial evidence that the sheep bile had been taken up from the 
intestine, although they admitted that cholehematin was an extrinsic substance 
obtained from the green food of the herbivorous animal They also fed dog-bile, 
but in this work their results were not consistent In some instances they considered 
that their figures indicated an increase in the output from the biliary collection 
upon feeding bile, in others no increase was shown They considered that on the 
whole their results indicated an enterohepatic circulation of bile pigment 
In 19x6 Bollman, Sheard and Mann®- brought a fresh technic to the solution 
of the question They compared the bilirubin contents of the venous and arterial 
blood supply of various organs, including the intestine They used fasting animals, 
animals on a mixed diet of meat, bread, milk and syrup, animals given a feeding of 
cream and egg yolk, and animals given fresh dog bile in amounts of from 100 to 
xoo cc , injected into the duodenum, the jejunum and the ileum Comparisons were 
made of the bilirubin contents of the blood from the mesenteric veins and arterial 
blood at periods of from thirty minutes to three hours after administration of 
the bile, and at suitable periods in the fed animals They had previously found 
that blood samples withdrawn simulatenously from different arteries of the body 
contain identical amounts of bilirubin The bilirubin content of blood from venous 
sources taken at the same time is greater than or identical with that of arterial 
blood, depending upon the areas drained by the veins The findings indicated that 
bilirubin was added to the blood in the spleen, the bone marrow and the liver 
With the same technic they were unable to detect any increase in the blood return- 
ing from the kidney, skeletal muscles or the intestine They conclude that since 
their method was sufficiently sensitive to detect the addition of bilirubin to the 
blood as It passes through any of the sites of bilirubin formation, no intestinal 
absorption occurs under the conditions of their exjperiment 

Probably the latest contribution to this problem as to whether the bile pigment 
is absorbed and reutilized comes from some work by Shemin and Rittenburg^^ 
using the isotope The isotope was incorporated into glycine which had in 
previous work been shown to be the nitrogenous precursor of the protoporphyrin 
of hemoglobin When the isotope containing glycine was fed to man the con- 
tent of the hemoglobin rose sharply, stayed on a level and then fell abruptly to 
base The flatness of the curve indicates that there was no reutilization of the 
labeled nitrogen for hemoglobin formation 

Having apparently disposed of the question of bile pigment reutilization, we 
come to the even more important one in our assay of the life of the red cell, that of 
whether or not the bile pigment complex has other sources than hemoglobin 
In 1916 Whipple and Hooper®^ reported that bile pigment excretion was in- 
creased with carbohydrate feeding By i9xz the studies on the effect of food had 
been greatly extended by the workers constituting this group It was shown that 



SPAN or urn or red blood cell 


49i 


red meat, cooked liver, hemoglobin and butter fat had a positive effect upon i 
production of hemoglobin or bile pigment Next came spinscb, full diets of co 
mon gram foods and milk Chlorophyl, clams, onions, lard and codhver oil w 
inert At this time Whipple’’® formulated the conception of a bile pigment comp! 
which would be an intcrmediaty stage in the development of bile pigment 
hemoglobin and would be utilized according to the needs of the organism Here 
siders that bile pigment output is a result of functional activity of the liver ai 
not solely the result of the passive elimination of defunct hemoglobin At il 
time he characterized pernicious anemia as a disease which showed abnora 
tendency to pigment production rather than to cell destruction Preceding thi 
Ashby, due to a failure to find any increase in destruction of transfused red cells, 
that disease, had suggested that a retardation in the maturation of theredcellsi 
the bone marrow might account for the accumulations of iron because of noi 
utilization and that the physiologic stimulus of the anemia might account forti 
extension of the active bone marrow and the increase m bile pigment production ' 

In 192.3, Rous, Brown and McMaster*' published a senes of papers onstudicsa 
total bile, using their technic of continuous bile pigment collection Oneoftbes 
papers was devoted to the question of the relation of carbohydrates to chcoutpo 
of bile pigment They considered that their results did not substantiate those 0 
Hooper and Whipple They found an increase in bile pigment production 
carbohydrate feeding followed by a compensatory decrease They cxpJamw t 
result on the basis of a temporary hastening of the evacuation of the bile pigo^' 
from the liver due to deposits of glycogen In a paper on the relation between 
destruction and the output of bile pigment they described work in which 
been intubated with the total removal of bile for periods of three mont s ^ 
secondary anemia developed which showed intercurrent fluctuation 
by similar fluctuations in the bile pigment output The relations 
fluctuations were studied In addition, some of the dogs were subjcctc to 
exercise and to transfusion of citrated blood The authors find that t c . 
bile pigment is not fully reflected in the fall in hemoglobin, which they 
blood destruction They attribute this to a process of pigment 
varies in proportion to the body need They add that * the destruction 
sion in terms of bile pigment and practically at once, and the (Icscro)^'^ 

ception that bilirubin has no other source besides the hemog 0 m 

blood” ,n inherent 

In the evaluation of all such data as the above we have certa 
cultics Bile pigment can be measured, but blood destruction cann^ 
count is the resultant of two unknowns the rate of blood pro uc® ^ 
of blood destruction. With a decrease in blood production t c jp inter 

would go down without any change in the rate of blood 
pret these increases in bile pigment production which Rous an ^ stinw^’’* 

found associated with the falls, in circulating hemoglobin as jquilf 

production of the pyrrole complex in answer to ’Jment r 

potent arguments for the extra-hemoglobin source of bi e P § ^ question 

It would appear that Hawkins and Whipple^® have oa 7 
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by pinning one of the unknown factors, blood production They did this by re- 
moving within a short space of time enormous amounts of blood from dogs Upon 
regeneration of the red cells they had a population of corpuscles that were of 
practically the same age They varied the procedure by destroying the blood with 
acetyl phenylhydrazine to avoid removal of material that might be useful in 
rebuilding corpuscles The bile pigment output changed from 12.5 mg per day to 
58 mg and remained at this low level because the population of the blood stream 
was preponderantly young cells that were not being destroyed After approximately 
four months the bile pigment rose to a high level This was interpreted as being the 
result of the eventual death of the cells that had been formed after the massive 
-hemorrhages The life span was estimated at 133 days 

The Use of Differential Agglutination 

After the establishment of the human blood groups by Landsteiner, followed by 
Jansky and Moss, much clinical experience was accumulated with reference to the 
blood transfusion By 191S the question was in debate by the medical profession as 
to whether or not transfused blood existed in the circulation for even the twenty- 
two days suggested by the work summarized by Hunter, or, whether it was re- 
moved within a few days and any favorable clinical results were due to the supply 
of raw material from which new cells could be formed more readily 

In 1911 an article by Charles Todd and R G White’’® had appeared m the pro- 
ceedings of the Royal Society, On the fate of the red blood corpuscles when 
injected into an animal of the same species ’ The authors used a highly polyvalent 
isohemolytic cattle serum produced by injection of cattle with the blood of other 
individuals By this technic they had previously reported a high degree of indi- 
viduality in cattle similar to that found by Ehrlich in goats This serum was 
exhausted for the antihcmolysins of the corpuscles to be studied It was used to 
separate transfused blood from the blood of the recipient The transfused blood 
was found to disappear in the course of a few days The authors found that the 
injected corpuscles are treated by their host as foreign, and in fact act as antigens, 
and give rise to the formation of corresponding antibodies in accordance with the 
ordinary laws of immunity ’ 

In 1918, Ashby” at the Mayo Clinic, taking advantage of the difference in 
agglutinability of the recipient and donor cells in instances of transfusion with the 

universal donor,” published the result of the study of 3 cases in which it was 
claimed that the transfused blood stayed in the circulation for considerable lengths 
of time, time enough to produce beneficial results due to functiomng cells Because 
of the rapid turnover of patients at the Mayo Clinic it was difficult to follow the full 
span of life of the transfused blood, and nothing was postulated as to this point 
Of the z cases reported, which remained under observation for forty days, in one, 
that of a woman who had had a total hysterectomy, the transfused blood had come 
to base, while in the other, a man who was transfused for simple hemorrhage, 
there was little sign of disappearance of the transfused blood at the end of this 
time Included in this first report were studies checking the quantitative validity 
of the technic with in vitro imxtures of bloods and certain points necessary for 
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satisfactory results were stressed There were also included lo cases studied for 
otily a short timej in which the data indicated a common factor relating the 
amount of blood transfused, the body weight of the patient and the number of 
cells found in the blood after transfusion attributable to the transfused blood, as 
determined by differential agglutination Such data were subsequently used in th 
study of blood volume 

Three papers by the same author followed this initial report They gave 
data on approximately 40 cases Many of these patients were suffering from fatal 
illnesses Although the longer life of the corpuscle was amply demonstrated m a 
few patients who were in comparatively normal health, attention was called to 
the great irregularity in the time taken for elimination of the transfused cells 10 a 
group of patients in which it had been possible to follow the count to its citinctioo 
These survival periods ranged from 30 to 110 days It was argued that transfused 
bloods, having been taken from normal donors, had equal capacities tosurvivcand 


that the differences in survival periods were due to an activity of the organistn 
receiving the blood This argument was offered in conjunction with the data m 


connection with certain cases in which periodic steplike decreases m the count 
were seen The capacity for the long survival of the red cell in the blood stitaffl. 
however, is seen In ii cases that were under observation for periods varjingfro® 
XL to 51 days during which no appreciable drop in the count of transfused bloou 
took place, from the case of a man who was in good health who had been tratu 
fused for a simple hemorrhage and whose count was followed for no days wi 
there was still evidence of some of the transfused blood, from cases of 
anemia in which there was evidence of survival of the last of the transnis ^ 
puscles, which were presumably the youngest at the time of transfusion, 95 


too days after the transfusion had been given . j 

In I9LL Wearn, Warren and Ames,-' using Ashby’s technic, present 

adies on 8 oatients from the Medical Service of Peter Bent Brigham 


studies on 8 patients from the Medical Service 


Four were cases of primary anemia and four of secondary anemia due 
They report that ‘ the last of the transfused red blood cells disappcat*^^^^^^^^ 
circulation in from 59 to 113 days” , * No difference was noted in a the 

tions in the duration of the stay of the transfused red blood . 

circulation between patients with primary and secondary anemia u ^ 

and that ‘ in a single observation red blood corpuscles from a paticn ^ 

Clous anemia transfused into another patient with pernicious anerm 

did corpuscles from normal donors ” narendy 

By 19x6 several criticisms had been leveled against this ^ due 
technic of Ashby, notably by Wildegans''^ and Gorl The * juooabk 
an inability to get quantitauve separation of in vitro mixtures 0 jjjcnpt"’'’ 
nonagglutinable blood as had been reported by Ashby m t e on due m 

of the technic These failures to repeat the results of Ash y hciuol)”'' 

the use of serum of insufficient agglutinating strength or to *■ 
serum, both of which were warned against in Ashby s during tbc 

technic A possible cause, also, would be workers 

period of agglutination The technic was not acquired oy 
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The most serious criticism of the findings of Ashby and of Wearn, Warren and 
Ames, indicating a prolonged life for the red cell in the blood stream, came from 
Isaacs, in 1924 He reported "The use of agglutination in recognizing the cells of 
a donor in a mixture of two bloods in a transfused patient is of little value after the 
number of young cells reaches the number of unagglutinable cells, usually in from 
two to four days ” This statement was based on work using a radical modification 
in technic, with no report of in vitro work to see whether or not the technic gave 
quantitative separation of an agglutinablc from a nonagglutinable blood The 
greater part of the work was done upon the blood of dogs in which animal there 
are not known to be strong isoagglutinins and for which the author gave no 
evidence that they exist Work upon x human cases was reported, the results of 
which were entirely at variance with the results already reported with the Ashby 
techmc on some 50 cases by Ashby and by Wearn, Warren and Ames 

Ashby immediately criticized this paper of Isaacs,^® in the first place because 
the immature cells which Isaacs had claimed composed the unagglutinated cells 
were not found among the nonagglutinated cells by the Ashby technic The same 
finding was reported in 1940 by Maizels and Paterson who say “If the unagglutin- 
able cells are i mm ature cells they should show a high retie count, higher than that 
of the whole blood, but the reverse is the case ’’ In the second place the prolonged 
rise in the coimt of unagglutinable cells after a Group O transfusion and the lack of 
a rise after a like group transfusion reported by both Ashby and by Wearn, Warren 
and Ames was not explained by Isaacs It was also pointed out that on the basis of 
the amount of blood given and the body weight of the two patients, the counts of 
the unagglutinable blood found by Isaacs subsequent to transfusion would indicate 
an impossible blood volume relationship, being in one case ^5 per cent of the 
patient’s body weight and in the other 75 per cent of the body weight It was con- 
cluded that Isaacs had not accounted for the transfused blood by his technic 

Isaacs’ results, however, were considered seriously by the group interested in the 
longevity of the blood cell and Isaacs, himself, reiterated them in a paper in 
Physiologic Reviews in 1937,^® so that at the beginning of World War II when 
several English groups were studying the effect of storage upon survival of trans- 
fused blood for use at the front, Maizels and Paterson'*’^ undertook to check on the 
validity of Isaacs’ claims With reference to Isaacs criticisms of the Ashby technic 
they state It may be said at once that these criticisms are theoretical and un- 
supported by numerical data, however, since the cell agglutination technique is 
the only one which permits of a direct measure of cell survival the objections must 
be considered in detail The arguments were approximately those used above 
except that m addition the M and N factors were used to separately agglutinate 
the donor and recipient cells 

By 19x8, however, Landstciner, Levine and Janes'*® had offered irrefutable dis- 
proof of Isaacs contention for the short life of the cells by making use of their anti 
‘ M and N sera and agglutinating the transfused cells instead of the recipient s cells 
They found clumps in the recipient s blood treated with their antiserum for seven 
' Weeks after transfusion, when they ceased to examine it Later Wiener,* using 
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M antiserum with an M donor, reported that the life of the transfused cell prob- 
ably averages between 80 and ixo days 
The very considerable amount of work which was done at the beginning of tbc 
war, checking the various methods for preserving blood and the time allowable 
for storage, made use of the cell-agglutination technic This work was earned out 
by the English Groups,^’ f-- by Wiener and Schafer^^ in this country and by the 
Russians in checking their cadaver blood This work all indicated the longsurviril 
of the transfused corpuscle 


Determination of the Life Span of the Red Cell by Use of the Isotope 

The problems involved in tagging the red cell by use of the isotope and deter 
mining its longevity arc First, to introduce the isotope into the corpuscle ta surfi 
a chemical combination that it remains in the corpuscle during its life, second, to 
choose an isotopie of some element that will not be reutihzed after the corpuscle has 
disintegrated, and last to choose an isotope that can be studied for a sufficient 
length of time 

The interesting phenomenon which the use of isotopes has emphasized is that 
although morphologically the cell and its constituents are intact, the reversibility, 
within the status of their equilibrium of certain cellular reactions, results in con 
tinuous degradation and resynthesis An isotope introduced into a constituent of 
the cell which bore such a relationship to the metabolism of the cell would not 
indicate by its presence the life of the cell, but would merely be an index of the 
time relationship of the reaction in which the compound was involved 

On the other hand, if the isotope is some clement which will be reutihzed int c 
formation of new cells its presence will extend beyond the lifetime of the cells into 
which It was first introduced It has long been considered probable that iron sp^ 
off from hemoglobin upon the formation of protopiorphyrin, is quite labi c an 
readily reutihzed In 1941, Cruz, Hahn and Bale,*'’ working with radioactive 
reduced the iron reserves of dogs by repeated hemorrhage and fed radioactive 
This appeared in the blood with the rise of hemoglobin and stayed on a ev 
seventy-five days when the dogs were treated with acetylphenylhy 
resultant drop in hemoglobin was paralleled by a drop m the 
blood which rose to its original height with the regeneration 0 
The isotope level had not decreased 180 days later The authors cone 
liberated from red cells is utilized readily and nearly quantitatively or t e 

non of hemoglobin in new red cells several toni- 

In 1946 Shemin and Rittenbcrg introduced the isotope N * j,t[i:sis of 

pounds which were of interest in their possible relationship to t 
protoporphyrin of hemoglobin ** Glycine, prohne and glutamic of th' 

because there was a probability that they would be used m t c 0^ 
protoporphyrin, leucine was chosen as a representative a-afflino aci vtis 

carbon chain was unlikely to be used for pyrrole synthesis, an of 

chosen to test the nonspecific utilization of nitrogen liberate y 
ammo acids These substances were fed to rats whose fecursorof^’’' 

tested for the isotope It was shown that glycine is a nitrogc 
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protoporphyrin of the hemoglobin of rats The authors were of the opinion that 
the much smaller amount of found in the hemin upon feeding of isotope pro- 
line, leucine, glutamic acid and ammonia is due to enrichment, by the nitrogen 
of these compounds, of the body nitrogen from which the precursors of heme is 
synthesized rather than a direct utilization of these compounds 

Having established this fundamental point these workers proceeded to feed 
containing glycine to a man and to study the shape of the curve indicating 
the appearance in the circulation of this isotope and its disappearance from the 
circulation ‘ The values rose rapidly to a high level, remained practically con- 
stant for many weeks and then fell quite sharply to a very low level This finding 
indicates that the heme is neither involved in the dynamic metabolic state nor re- 
utilized for hemoglobin formation On these grounds, the curve of concen- 
tration of the heme versus time can form a basis for the average life span of the hu- 
man red blood cell This was found to be about izy days 

Conclusion 

We come then, after following the evidence derived from three separate ap- 
proaches, to the conclusion that the life span of the red cell approximates the 
dimension of no to 130 days under favorable conditions 

This does not mean, however, that for practical purposes a transfusion lasts for 
that length of time The blood transfused consists of cells of all ages up to the full 
span of four months, and half of them are already half of this age when they are 
transfused Neither does it mean that the span of life of the red cell is of this 
dimension under all circumstances Hawkins and Whipple reported the figure of 
133 days from work on normal dogs The study of Shemin and Rittenberg using the 
isotope N^® in which they found the life span to be 1x7 days was made on a normal 
man The subjects of transfusion, however, arc usually far from normal, therefore 
the data derived from the cell-agglutination tcchmc has to be considered in relation 
to the condition of the patient transfused Ashby (19x1), Wearn, Warren and Ames 
(19XX), Wiener (1934), Mollison and Young (1940), and Callender, Powell and 
Witts (1945),®® are agreed upon ixo days as an approach to an optimum length of 
life for the transfused red cell as indicated by the method of differential agglutina- 
tion Ashby (19x1), and Wearn, Warren and Ames C19XX), are agreed that in per- 
nicious anemia the tenure of life of the red cell is of a similar dimension But there 
are other conditions in which the life span of the transfused blood and probably, 
also, of the patient s own blood, is of much shorter duration 

I have on this occasion reviewed my own studies of transfused Group O blood 
into recipients with blood of an agglutinablc t}^^, of which I have over 80 cases, 
with few, unfortunatley, studied to the extinction of the transfusion I have en- 
deavored to draw some conclusions from these data by extending the slope of the 
curve of elimination to a base line This is adrmttedly not accurate in the individual 
case, but appears to give interesting average results In 8 cases, uncomplicated by 
malignancy, in which postoperative transfusions were given, the average time 
’ taken for unagglutinable cells to come to base was 1x4 days In 16 cases of per- 
nicious anemia it was no days In addition there were in these groups cases which 
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showed no drop in the count while under observation and therefore no estimation 
could be made On the other hand lo cases with malignancy averaged 51 dap 
Seven cases of jaundice averaged 46 days In a case of aplastic anemia with smallpox 
studied for l 6 days the curve of the count of transfused corpuscles would have come 
to base in 41 days, while a case of splenic anemia in an infant by this method 
showed elimination of a first transfusion in 44 days and of a second in 55 days Ini 
total of 2-4 cases, in which hyperthyroidism and severe chronic infection are in 
eluded, the average of the apparent length of life of the transfused blood was 51 
days But in 5 instances in which death was imminent the life of the transfused cdl 
was even shorter 


It would seem, then, that we will have to regard the erythrocyte not as anentitj, 
but as an integral part of the organism Castle and Minot®^ in their article on the 
anemias in Oxford Medicine introduce Boycott’s conception of the "erythron, 
which IS understood to be the circulating blood and the organ from which it 
arises I believe, however, that before the picture is complete we will have to con 
sider a broader angle and include the effect of the endocrine system As we pointed 
out in the beginning of this review, the red cell, both the compatible transfused cell 
and that produced in the body, probably is capable of undergoing repair, and it is 
by virtue of its capacity to repair itself that it survives the buffeting of the circula 
tion In a body in which the anabolic processes as compared with the atibol^ 
processes are on the down grade, as in the terminal stages of disease, ^ 
presence of malignancy, one would expect the red cell to suffer with other ) 


tissues and its life in the blood stream to be shortened 
The new knowledge on the interplay between the cortical and 
hormones and their control of the up-build and destruction of protein, an 
relation to insulin in carbohydrate metabolism as illustrated by the wor 0 
Con’s on the enzyme complex hexosekinase, may be intimately relate 
problem of the life of the red cell This question has already begun to w 
biochemists In the 1946 meeting of the Federation of American 
perimental Biology a study was reported by Gonzales and Angercr® on t ^ ^ 
of adrenalectomy on the respiration of the erythrocytes of rats cy 
per cent decrease in oxygen consumption in a Kreb-Rmger suspension 
rat red cells five days after adrenalectomy and noted that the decrease 


ccptible within forty-eight hours , dapt 

If we may assume that the life of the red cell in the rat is that 

which would seem to be a safe assumption, this finding woul m 1,5 ta 
erythrocyte is depiendent upon the adrenal for something 
pacity to utilize oxygen and brings it into relationship with t e 0 
ability to maintain itself in the circulation 
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STUDIES ON FREE ERYTHROCYTE PROTOPORPHYRIN, PLASMA IRON 
AND PLASMA COPPER IN NORMAL AND ANEMIC SUBJECTS* 

BjG B Cartwright, M D , C M Huguley, Jr , M D , Helen Ashenbrucker, 
B A , Jane Fay, M D , and M M Wintrobe, M D , Ph D 


T he VARIOUS anemias have been studied and classified clinical^, morpho- 
logically, therapeutically and to a less extent etiologically, but compar- 
atively few chemical studies have been made Investigation of the chemical changes 
accompanying the various types of anemia offers a new approach to their study and 
gives rise to the hope that as the specific defects are elucidated their correction will 
become simplified The purpose of this paper is to present data on free erythrocyte 
protoporphyrin, plasma iron, and plasma copper in normal subjects and in subjects 
with various types of anemia 


Review of Literature 


The presence of protoporphyrin free in erythrocytes in addition to that in the hemoglobin molecule 
was reported by van den Bcrgh and co-workers* in 1918 and since then has been confirmed repeatedly 
Grotepass* and subsequently Watson, Grinstein and Hawkinson® demonstrated that this protoporphjTin 
is identical with the protoporphyrin of hemoglobin, namely, protoporphyrin 9, t)^^ III A logical 
assumption is that this protoporphyrin is an intermediate compound in the synthesis of hemoglobin and 
that the free material is found because it has not been utilized for hemoglobin synthesis 

The amount of free protoporphyrm in the erythrocyte may be postulated as depending upon the rela- 
tive rates of(i) synthesis of protoporphyrm from precursors, (a) utilization of the formed protoporphj rin 
for hemoglobin synthesis, (3) formation of protoporphyrm from hemoglobin m the intact erythroc) te, 
if Such occurs, and (^q) destruction of protoporphjTin, if this takes place This may be represented dia- 
gramatically 


Precursors 


Hemoglobin 

Degradation 


I 2. 

Free Erythrocyte 
Protoporphyrm 

3 4 






Hemoglobin 

Synthesis 


Destruction 


Data have been presented elsewhere''’ which indicate that rcticuloc} tes contain more free cr) throcj te 
protoporph) rm than do mature red corpuscles It has been reported that the protoporphjTin content 
of the bone marrow is increased when the percentage of normoblasts is increased " In experimental 
hemolyuc anemias the erythrocyte protoporphjTia did not increase when blood destrvcaon was maximal 
but rose, mstead, during the regcneratit c phase when reuculocj tosis was marked 'o It has been suggested 
that increased EP usuallj signifies uncompleted hemoglobin sjnthesis which mas be the consequence 
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CHEMICAL CHANGES IN NORMAL AND ANEMIC SUBJECTS 


of the liberation of immature cells or is due to iron deficicnc) or to factors interfering with thcotiliaac 
of iron in the synthesis of hemoglobin is, for example, lead poisoning *■ 

The manner in which protoporphjrin is broken down is unknown It has not be*n demonstntsi tb 
destruction cm take place in the intact red cell w ithout the porph) rin being first formed into htmogloli 
The intravenous in|ection of protoporphyrin is not followed b) a significant increase in the cratnc 
of either bilirubin or coproporph) rin in the dog •- There is esidence, howeser, to indiate thatund 
certain circumstances increased free cr)throc}tc protoporphsrin maj result from dcgradauoo of bem 
globin in intact erj throcj tes It has been demonstrated that following sterile incubation of red cells! 
twcnt)-four to fort) -eight hours there is an increase in the cr}throcjce protoporphyrin ^ FnrtbeiiDai 
red cells taken from the splenic xcin following splenic stasis were found to base a greater protoporplmi 
content than the cells in the splenic arter) Although the demonstration that protoporph}aanisfotiw 
from hemoglobin in intact crythroc)tcs in \itro docs not necessarily indicate that such a mechnus 
exists in xivo, there is considerable csidence that hemoglobin degradation can take place within tkn 
cell in xi\o It would seem, howexer, that this takes place through a bilc-pigmcnt iron native glob 
complex similar to or identical w ith the pscudohcmoglobin of Barkan or the x erdohemoglobin ofLcn 
berg® rather than by liberating protoporph) rin 

The literature dealing with plasma iron and xxith iron metabolism in general xxas rexicweditcaii! 
by one of us (GEC) Plasma iron has been the subject of man) inx'cstigations Early xvork was uasitt 
factor)' because of lack of reliable methods Scxcral satisfactory methods arc noxv ax'ailablc'’ I 
seems clear that plasma iron functions as transport iron The amount of iron in the plasma is afeetr 
b}' the rate of absorption of iron, the balance between that going to and from the tissues, and thec<!» 
librium bctxxccn the amount used for hemoglobin formation and that coming from hemoglobin ou 
olism Recent studies haxc shoxxn that the iron in plasma is bound b) a specific^! globulin (Fram® 
IV-7 of Cohn) j 
The copper content of plasma in anemic states has been studied vciy little Until rcccndy, 
this field of inxcstigation w as retarded b) the lack of a simple reliable method The 
content has been reported b) scxcral investigators to be approximate!) yoto ifiopgpcrcc'’^ 
scrum copper values haxc been reported in prcgnanc)'® and in infections 
anemia ^ Plasma copper values in other clinical states accompanied by anemia 
reported except by Locke, Main and Rosbach^ and it has been shoxx'n that the meth xv 

IS unreliable jsxvehJ 
Keilin and Mann-' isolated a copper-protein compound of unknoxxn funcuon from 
red cells to xvhich they gax'c the name of hacmocuprcin The significance of this compou 


Methods , 

The hematologic methods used in this study have been described els^ 
Hemoglobin was determined by the photoelectric 

an Evelyn photoelectric colorimeter standardized by the Van ^^gj-jnstcu 
Erythrocyte protoporphyrin determinations were made by the met yjtzcs 

and Watson -® The plasma iron was measured according to the mctlKd' 

Elvehjem and Schutte” or by the method of Barkan and Walker 
gave excellent recoveries (95 to 103 per cent of added ironj 
Cartwright, Jones and Wintrobe'® was follov'ed for the dctcrmina 1 
copper This method has been shown to be accurate within ±10 F 
Values for erythrocyte protoporphyrin (EP) are expresse 
in jug per 100 ml of red blood cells Plasma iron (PI) ao<d ^ ^ jo mlh® 
in Mg per TOO ml of plasma Hr refers to P V go 

ml MCV refers to mean corpuscular volume in cm MGti re conccntratio' 

hemoglobin in MMg MCHC refers to mean corpuscular hemog 0 

in per cent 
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Each of the three chemical determinations, EP, PI and PCu, were done several 
ir sometimes many times on each patient The values expressed in the tables are 
-ither representative or are means for the given case 

Resuets 

A Normal values The values for free erythrocyte protoporphyrin (EP), plasma 
iron (PI) and plasma copper (PCu) determined in normal adults are presented in 
tables I and x The subjects studied were not usually examined completely but they 
were apparently healthy Although the ages of the 68 men and 66 women varied 
from 2.0 to 63 years, there was a disproportionate number of young individuals. 


Table i — Normal SubjtUs Erythrocyte Proptoporphyrtn (jxg/ioo ml RBC') 



1 Males 

Females 

1 Total 

Observaaons 

33 

33 

66 

Range 

13-79 

16-140 

13-140 

Mean 

3 ^ 

39 

35 

Geometnc Mean 

l8 

34 

31 

Geometric Mean ± 2. S D 

1 1-70 

14-83 

iL-79 


Table x — Normal Subject Plasma Iron and Plasma Copper (jig per cent) 



Plasma Iron 

Plasma Copper 


Males 

Females 

Total 

Males 

Females 

Total 

Observa- 

1 






aons 

Range 

49 

43-2.10 

43 

2.8-IOL 

9^- 

x8-lio 

52- 

86-161 

53 

87-161 

105 

86-161 

Mean 

Standard 

105 I ±4 3 

104 3 ±5 5 

104 7 ±3 4 

114 4 ±X X 

ixx 7 ±1 5 

118 6 ±i X 

Devi- 







anon 

Mean ± 1 

±30 3 

±36 4 

±31 8 

1 

±15 5 

±10 6 

±11 5 

SD 

45-166 

3^-177 

39-170 

83-145 

IOi-144 

94-144 


approximately two-thirds of each group being between 2.0 and 30 years of age 
However, the data do not suggest that there is any variation related to age In 
many of the individuals examined, several determinations were made of one or 
more of the three chemical constituents studied The figures analyzed in tables 
I and X represent a single value for each person, usually the first obtained in the 
year 1947 

A total of fifty-six EP determinations in 33 males and fifty-uvo determinations 
in 33 females has been made A frequency distribution curt^e of the determined 
values of erythrocyte protoporphyrin reveals a marked skew to the right (fig i) 
By using the logarithm of each value a curve more nearly approaching the normal 
was obtained The analysis in table i was therefore carried out b) this method 
In males the obser\’^ed values ranged from 13 to 70 per 100 ml of red blood cel'<^ 
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but only three values were above 57 /ug In females the range was 16 to 140/iglH 
only one value was below 20 and only two were above 68 /zg The difcrcn 
between the geometric means for the two sexes is suggestive but not highly signil 
cant since the difference is only i 7 times the standard error of the diffcreacc 
slight skew IS still present after attempted normalization by use of logarithms u 
it IS our conclusion that the standard deviation given in table i is too large Fro; 
inspection of the frequency distribution curve we have arbitrarily selected 13 1 
55 /ig per 100 ml of RBC as the normal range in males and 16 to 70 /zg as the norm 
range in females No attempt has been made to determine in detail thevariatioii 


33 nonms! jnalejr 


geometric mean 
= ZB 3 lZb\-ZQb) 



za ' Ao 60 eo loo ' lio ’ M0| ' li 1 4 zo 


bbnoT-mal sdultE 
J^esrz - 34- 4 


geomstrxe mean 
' * 312 ( 258 - 377 ) 

meBm^ZSD 

=U-77 


■ io ■ 4D ■ M 80 • Tod ■ lio ’ WD « zd 

55) (m) (50) (lib) 

Erzfthroct/tQ FxK>topofphyrJZ3. yciyVo Loyarsthm oI 

Fig I Dismbution of normal values for cr) throC) tc protoporph}Tin The 
plotted in logarithmic values The vertical lines represent the mean, -hi SX> , an 

in EP occurring over a period 6f tune in individuals The qrlc 

not marked The variation in females was not related to the me 
Simultaneous reticulocyte counts were not done , tal 

A total of ninety-four determinations of plasma iron on Thc^'^ 

one hundred and two determinations on 43 normal females has ^ fo’’ 
quency distribution approximates a normal curve in each sex ^jer 

two sexes are almost identical and the standard deviations are 0 
As can be seen from table 2. the variation in normal values 6 

a reflection of the variation in each individual In each 0 3^^^ pf 
from SIX to twenty-one determinations were made over a ^ cent 

two years The means for these 5 individuals ranged om 
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However, the variation in each individual was of the same order as that between 
the individuals Thus, the average coefficient of variation in these 9 individuals 
was 40 per cent while that of the entire group was 31 per cent Because of the close 
approximation of the distribution of plasma iron values to the normal curve the 
mean value ± 7 . standard deviations has been used to indicate the normal. No 
relationship was noted between the plasma iron levels in females and the menstrual 
cycle In one individual a series of determinations was made during the course of 
the day In this instance there was no definite trend, the values from one morning 
to the next varying more than throughout the day No postprandial change was 
noted in this individual 


Tablb 3 — Ptrntctous Ancmta 


Name 

Age 

Sex 

RBC 

Hgb 

Ht 

MCV 

MCH 

MCHC 

Reties 

EP 

PI 

P Cu 





; Million 

I c mm 

Gm 

% 

cc 

% 

CM 

77 

% 

% 

gg% 

MJ% 

gj% 

M 

B 

74 

F 

I 

75 

6 

4 i 

18 

5 

106 

37 

35 

0 

4 

30 

xii 

100 

A 

B 

44 

F 

4 

42- 

IX 


40 

5 

91 

i8 

30 

0 

i 

34 

175 


R 

T 

79 

F 

X 

68 

10 

3 

3 t 

5 

IIZ 

38 

33 

I 

6 

36 

73 

109 

R 

Y 

78 

F 

X 

95 

9 

7 

35 

0 

119 

33 

x8 

0 

4 

50 

89 


S 

H 

1 

F 

X 

84 

IX 

3 

33 

0 1 

II6 

40 

34 

0 

X 

x8 

41 

149 

D 

M 

46 1 

F 

X 

35 

9 

5 

x6 

5 

"3 i 

40 

36 

I 

9 

41 

149 

115 

H 

M 

7 ^ 

F 

I 

18 

4 

6 

16 

0 

iJ -5 i 

36 


X 

0 

17 

155 


L 

P 

77 

F 

3 

15 

II 

5 

34 

5 

no i 

36 

33 

0 

4 

33 

48 

137 

A 

s 

8z 

F 

X 

70 

9 

7 

z8 

5 

103 

36 

34 

0 

X 

16 

”3 

118 

M 

s 

80 

F 

I 

45 

5 

9 

18 

0 

1X4 

41 

33 

3 

X 

17 

167 


T 

T 

64 

M 

I 

43 

6 

5 

18 

5 

130 

45 

35 

0 

I 

34 

III 

86 

S 

S 

69 

M 

I 

50 

5 

9 

17 

8 

119 

39 

33 

3 

X 

9 

x8x 


A 

G 

74 

M 

I 

34 

4 

9 

1 16 

0 

IXO 

36 

30 

I 

8 

44 

X50 

183 

C 

S 

6r 

M 

0 

9 ^ 

! 4 

I 

tx 

0 

130 

! 45 

34 

0 

8 

37 

114 

185 

J 

W 

60 

M 

I 

31 

4 

6 

15 

0 

II6 

35 

31 

I 

X 

— 

ixx 

— 

N 

F 

79 

F 

r 

54 

5 

4 

18 

0 

II7 

35 

30 

3 

0 

— 

3 - 5 ^ 

— 

L 

R 

i6 

F , 

I 

54 

4 

5 

17 

5 

113 

2-9 

x6 

I 

5 

— 

x8 

— 

J 

S 

54 

M 

X 

II 

9 

X 

z6 

8 

1x7 

43 

36 

0 

1 

34 

300 

135 

A 

B 

69 

M 

I 

38 

i 5 

I 

H 

4 

104 

37 

35 

X 

0 

2-9 

101 

loS 

N 

B 

67 

M 

I 

99 

8 

0 

Z.3 

4 

n8 

40 

34 

I 

0 

36 

119 

140 


A total of seventy-five determinations of plasma copper on 51 normal males and 
seventy-five determinations on 53 females has been made The frequency distri- 
bution curve in males approximates a normal cun’’e but in females, though the 
range is the same as in males, most of the values are grouped close to the mean 
< The mean for the females is significantly higher than that for males The variation 
was not great, the coefficient of variation being 13 6 per cent for males, 8 6 per 
cent for females, and 9 5 per cent for the group as a whole The coefficient of var- 
I lation in 4 males and 5 females in each of rvhom five determinations i\cre made v as 
5 4 to 16 I per cent with an average of 10 9 per cent The mean value =bx standard 
deviations has been used to indicate the limits of normal 

B Perutaous Amimct The results obtained in xo patients with pernicious anemia 
in relapse are shown in table 3 Erjthrocjte protoporphiTin determinations verc 
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made on ly patients In i6 of these the values were within the normal range and 
in one patient (S S) the values were low repeatedly The mean for the eoure gronp 
was 31 Mg per 100 ml of red blood cells as compared with the normal of 35/1^ 
(table i) One patient (R T ) is of particular interest This patient was admitted 
to the hospital on November 15, 1345, m relapse at which time the EP was}^ 
Mg She responded well to folic acid therapy but failed to return and received no 
further therapy She was readmitted in relapse one year later with fever and sub 



Fig z Pernicious anemia in relapse (case DM) treated with folic acid orally During 
hypoferrcmia developed and there was a gradual rise in EP to above normal There wa 5 nosi 6 “ 
change in plasma copper 

PCu refers to plasma copper expressed in ng per cent, PI to plasma iron expressed in 
free erythrocyte protoporphyrin expressed in fig per 100 ml of red cells, Ht, volume 
in ml per 100 ml , RBC, red ceil count in millions per c ram The reticulocytes are expres ** 
of red cells 


acute bacterial endocarditis On the second admission the volume 0 p^c 
cells was 19 mi per 100 ml , the mean corpuscular volume no eg 
190 Mg although the plasma iron was 2.68 Mg per cent Thus, it seems, pa 
pernicious anemia in relapse arc, at least in the presence of 
synthesizing excess protoporphyrin In those patients who showc a 
response to liver extract or folic acid therapy, there was a markc rise ^ ^ 
normal during the reticulocytosis As the reticulocytosis subsid f givefl 

in EP This IS not demonstrated in figures i, 3 and 4 since A shafp 

suboptimal doses of fohe acid and a marked reticulocytosis di not 0 
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nse in EP associated with reticulocytosis has been observed in other patients 
treated with optimal doses of liver or folic acid As demonstrated in figures z, 
3, and 4, as the anemia was relieved, there was a gradual rise in EP to the upper 
limits of normal In table 4, values for EP are presented for patients in relapse and 
remission In remission the EP tended to be in the upper limits of normal or even 
above normal It is of interest that EP in remission was always higher than during 
relapse 

Plasma iron determinations have been made on zS patients with permcious 
anemia in relapse The data on zo of these patients are presented in table 3 Of the 



Fio 3 Pernicious anemia in relapse (case M B) treated tsith folic acid oraII\, 5 mg per day 
During therapy slight hypofcrreiria developed and there was a rise in erj throe) te protoporph)rin 
There was no significant change in the plasma copper For s) mbols see figure 1 

z8 patients, in 16 (57 per cent) the values were within the normal range, in ii 
C39 per cent) there was an elevation of the plasma iron, and in one patient the 
value was below the normal Whatever the initial plasma iron may have been, 
hypoferremia developed during the stage of rapid blood regeneration following 
therapy This is illustrated in figures z and 3 In many the hypoferremia persisted 
into the remission (table 4) 

Plasma copper determinations have been made in iz patients with pernicious 
ancm a in relapse (table 3) The mean for the entire group was 137 gg per cent 
In 9 patients the values w^ere wuthin the normal limits and in 3 h) pcrcupremia was 
noted During therapy and in remission (table 3) there w^as no consistent trend in 
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either direction although in the one patient with an initial low-nomal vala: 
there was a signihcant rise from 86 pig to 1x5 pig 

C Iron Deficiency The results obtained in 13 patients with varying degrees of 
anemia due to iron deficiency are presented in table 5 Erythrocyte protoporphyra 
determinations were made on all 13 and in each case the value was found tok 
above the normal. The mean for the group was X07 ug per 100 ml of red blood 
cells No^ correlation between the degree of microcytosis or the degree of hypo- 
chromia and the magnitude of EP increase was noted There was a rough cor 
relation between the duration of the anemia and the level of EP During the first 



A the ^ 

10 to xo days following the onset of iron therapy, that is, auriug 
reticulocytosis, there was a slight increase or no change at all in t c 
the volume of packed red cells, mean corpuscular volume and fcacfic^ 

hemoglobin concentration returned to normal the EP diminishe 
normal only some time after the blood had returned to 

Plasma iron determinations were made in 13 patients The res ^ ^gpcrccc' 
in table 5 and are uniformly low The mean for the entire group 
as compared with the normal of 105 pig During therapy (figs to 

a slow rise in plasma iron but not until some time after the b 00 
normal did the plasma iron teach normal 
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Table 4 — Peniictotts Ammta before and after Therapy 


PaUent 

Period 

HL 

EJ> 

PI 

F Cu 



cc. % 

iig% 

usTo 


M B 

Relapse 

19 

30 


100 


Remission 

54 

60 

108 

131 

S H 

Relapse 

33 

2.8 

41 

149 


Remission 

40 

73 

37 

148 

D M 

Relapse 

a 6 

41 

41 

115 


Remission 

4 ^ 

II6 

45 

140 

L P 

Relapse 

35 

33 

48 

137 


Remission 

38 

44 

5 ^ 

— 

A S 

Relapse 



113 

liS 


Remission 

39 

36 

60 

143 

M S 

Relapse 

18 

1 1 

17 

167 

— 


Remission 

44 

52- 

1 

— 

T T 

Relapse 

i 18 

34 

III 

86 


Remission 

1 40 

1 

78 

13 

115 

S S 

Relapse 

18 

9 

z 8 x 

— 


Remission 

41 

57 

III 


A G 

Relapse 

16 

44 

1 

X 50 1 

M 

00 


Remission 

43 

88 

36 i 



Table 5 — Iron Deficiency 


Name 

Age 

Sei: 

RBC 

Hgb 

Ht 




Mtlltoii 
c mm 

Gm % 

cc % 

E Me 

66 

F 

3 47 

5 4 

XI 0 

H R 

^3 

M 

3 95 

5 8 

2.3 2. 

G A 

60 

M 

3 13 

4 8 

XI 0 

V C 

50 

F 

5 50 

8 4 

34 0 

J H 

33 

F 

4 70 

9 7 

35 0 

J H 

71 

F 

5 01 

7 8 

J-9 5 

G J 

73 

M 

3 5^ 

7 J- 

32- 5 

H W 

65 

F 

4 84 

7 7 

X9 0 

J J 

49 

F 

4 88 

9 ° 

35 0 

D L 

58 

M 

3 05 

5 9 

XX 0 

G L 

45 

F 

4 38 

7 ^ 

31 0 

D H 

49 

M 

4 47 

8 7 

rl 

J H 

lo 

F 

4 14 

9 3 

32. 6 


MCV 

MCH 

MCHC 

Relics 

E P 

1 PI 

P Cu 

C$l 

yy 

% 

% 1 

1 

1 

1 at “T 

as % 

1 

60 

16 

x6 

I 0 j 

1 

475 

1 16 


59 1 

^5 , 

2-5 

— 1 

389 

' 23 


67 i 

15 


14 0, 

CC 

, ^5 

177 

62. 

1 

15 

^5 

I 1 

ox, 

99 

1 30 

1x8 

74 

XI 

1 

I 2-8 

0 5 1 

100 



59 

16 

x6 1 

' " 1 

116 1 

^ 10 

XIO 

9 ^ 

xo 

zx ! 

' ^ 1 

166 

11 


59 

16 

x6 ‘ 

1 

4 0 

319 

»3 

130 

1 

18 

x6 1 

3 ° 

1-0 

J 9 

MS 

7 ^ 1 

19 

2-7 , 

1 8 

-u 

1 1 

105 

70 ! 

16 1 
1 

’-3 

1 0 

lOO 

3 - 


73 

xo 

—7 

1 6 

^00 

! 

1 

'55 

77 

XX 

xS 

0 6 

IS4 

3 ' ' 

'"I 


Plasmi copper determinations were made in S patients (Stable 5) In 6 the \alucs 
were found to be high and in 2. the values a\ere vithin normal limits Vo cor- 
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relation could be found between the degree of anemia and the degree of hrm 
cupremia Plasma copper was followed during therapy in one panem (i1 
In this patient there was a fall in the copper which began about twenty dL J, 
the onset of therapy and reached normal at about the time the blood min 
normal and before the plasma iron or EP had reached normal 



Fig 5 Iron deficiency anemia (case G M ) iMth hypofcrrcmia and an increase in EP Trtatnw' 
with ferrous sulfate was followed by a significant, though delayed, fall in EP and a gradual 
plasma iron as the anemia was relieved V P R B C refers to volume of packed red cells m ml 
nil (Ht), MCV, to mean corpuscular volume in c /i , MCHC, mean corpuscular hemoglobin conccoif^ 
in per cent For other symbols see figure z 


D Anemia of Infection As previously reported, the anemia, associated 
chronic infection is accompanied by an elevated erythrocyte protoporphyttt’i 
plasma iron and high plasma copper “ The results in lo patients not 
recorded are presented in table 6 These data confirm our previous findings 
erythrocyte protoporphyrin was elevated in 9 of the 10 patients, 
hypercupremia were present in all those so examined A number of a 
patients with acute and subacute infections have been studied and data are^ 
available concerning the rapidity and sequence of the changes in relation 
onset of the disease and during convalescence 





Fig 6 Iron deficiency anemia (ease EM) with hypoferremia and an increase in EP During therapy 
with ferrous sulfate there was a significant decrease m EP and a gradual rise in plasma iron The volume 
of packed red cells and indices reached normal before the EP returned completely to normal For symbols 
sec figures i and 5 



Fig 7 Iron dcficicna anemia (c3<e D L) with hi pofcircmia, hi percup'cmia and irr-ca r in EP 
Dunnq thcrapi with ferrous sulfate a marked drop in plasma copper took place Th"r i as an i-i al 
incrcisc in EP folloned bi n drop to normal The plasma iron rose cradualli Fo' si min’ sac fir^ e _ 
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In acute infections with fever such as uncomplicated lobar pneumonia, bacterial 
meningitis, pharyngitis, scarlet fever and otitis media, hypoferremia was found to 
develop within a few days after the onset of fever This is illustrated in i patients 
with meningococcal meningitis (fig 8) When the disease was of short duration 
the plasma iron rose when the fever subsided and no anemia developed Hypo- 
ferremia appears to be the first change to take place and occurs in a variety of 
conditions associated with fever In figure 9 the effect of induced fever (typhoid 
vaccine) on the plasma iron is demonstrated With each paroxysm the iron droppsl 
markedly and returned rapidly, to normal shortly after the cessation of fever 
No anemia developed and there was no significant change in plasma copper or rise 
in erythrocyte protoporphyrin 


Table 6 — Chrome Injections 
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The effect on the plasma iron of a more prolonged illness is demonstrate 
figures lo and ii In patient W V (fig lo) there was an initial 
with slight jaundice accompanying lobar pneumonia The total serum 
was I 5 mg per cent With this there was an initial hypcrferrcmia w i 
followed by the hypoferremia usually associated with infection This 
about twenty-five. days without anemia developing Patient I C (fig 
36 years of age who had pneumonia and an acute lung abscess, was seen 
the twenty-first day of illness The plasma iron at this time was j-coterd 

the volume of packed red cells 3 5 ml The disease responded rapi pjo- 

penicillin therapy and the plasma iron rose promptly Two ^ 

nephrosis and D S , empyema) with more chrome illnesses ire 
12. and 13 Significant anemia was present in both The plasma iron 
normal in either patient until after the anemia disappeared 
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In acute infections with hypoferremia no change in EP has been noted This is 
illustrated in figures 8, 5 and ii Only when the infection persisted for a month or 
more or when significant anemia developed did a rise in EP occur This rise some- 
times reached its maximum after the maximal development of anemia This is 
illustrated in figure 14 Return of EP to normal took place slowly (figs 10, iz, 13 
and 14) and did not reach normal until long after the anemia had disappeared 



Fiq 8 The effect of acute infections on the plasma iron as exemplified in n%o patients with menin- 
gococcal meningitis Q V and N H) H) poferremia de\ eloped earl) in both patients The iron returned 
rapidl) to normal as the fc\er subsided No anemia dex eloped and there was no increase in EP Tor sam- 
bo Is see figure X 

The rise in EP seemed to be correlated with the duration of the infection and to 1 
less extent with the severity of the anemia 

The rise in plasma copper took place some time after the development of h\ po- 
ferrcmia but was observed before or in the absence of a rise in EP (fig 11) As can 
be seen in figure 9 no significant change took place in the plasma copper during the 
paroxysms of fever In chronic infections ix ith anemia (table 6) hx pcrcuprcmia xx as 
almost invariably present The copper returned to norm il more rapidlx than did the 
EP or iron and became normal about the time of the disappearance of anemia, as 
illustrated in figure 10 




Fig 3 The effect of induced fe\cr (typhoid vaccine) on the plasma iron With each paroxy® tk 
plasma iron dropped markedly and returned to normal shortly after the ccssaaon of fever There tosbo 
significant change in the plasma copper For symbols sec figure i 



occurred For s) mbols see figure i 


S14 



PC Cl 



^ _ Fig II A patient with lobar pneumonia and early Jung abscess (case I C ) t\ith anemia, hipofcr- 
remia and hypercupremu which responded well to parenteral penicillin As the anemia disappeared the 
plasma iron rose and plasma copper returned to normal There was no significant change in EP For 
s)Tiibols sec figure x 



Fig 11 Chronic infection Cp\ oncphrosis, ease F L ') with anemia, In-po^enrmia an J a" i" ’■r-" i" 
EP kidnes function was not diminished Follow ini; ncphrcctomi the aremia di appe_'ri t' e p'l - a 
iron ton:, and the EP decreased For s\mKils see fitjurc i 


5»5 



Fig 13 Chronic infection (cmpjcma, CISC D S ) \Mch anemia, hjpofcrrcmia and an increase mEP 
As the infection subsided the EP diminished to normal and the plasma iron rose For s)mboIs see figure i 



iron rose in spite of persistent anemia For symbols sec figure x 
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It IS interesting that one patient with anemia and chrome osteomyelitis de- 
veloped severe nephritis during the course of his illness The serum albumin fell 
to I 73 grams per cent and the serum globulin to i 79 grams per cent At the same 
time the plasma copper dropped from 246 /zg per cent to 40 (ig per cent and remained 
at this low level 

E Amtma of Nephritis The results in 10 patients with anemia assoaated with 
various types of nephritis are presented in table 7 In 8 of the 10 patients 
the erythrocyte protoporphyrin was elevated and in i the values were normal 
In 4 of the patients the plasma iron was low and in 6 normal Plasma copper de- 
terminations were made on 5 patients In 4 the values were high and in the remain- 
ing patient the value was normal Sufficient study has not been made to correlate 


Table 7 —Nephrths 
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these chemical changes with the type of nephritis nor with the other metabolic 
changes which take place in this disease 

F Lymph node disorders and Leukemia Observations in inpatients with various types 
of lymph node disorders and leukemia are presented in table 8 All determinations 
were made prior to treatment with x-ray, mtrogen mustard or urethane Erythrocyte 
protoporphyrin determinations were made on 19 patients In ix patients the values 
were elevated and in 7 normal Plasma iron determinations were made on 19 
patients In ix patients the values were normal, in 6 low, in i elevated Deter- 
minations of plasma copper were made in 6 patients and values greater than normal 
were found in all The rise in EP was more marked in the lymphoma’ group than 
in the leukemia group Hypofcrremia was not observed in the leukemia group 
G Thalassemia Observations in 6 patients with thalassemia minor and 5 patients 
with thalassemia major arc presented in table 9 Unfortunately, EP determinations 
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the normal limits In the 3 patients with the major form of the disease, in whom 
serum copper determinations were made, hypercupremia was present in each 
In figure 15 the negative effects of intravenously administered pyridoxine on 
the hyperferremia of two patients with thalassemia major are presented These 
same x patients had been previously reported as benefiting from combined prolan 
B and pyridoxine therapy 

H hiisccllamotis condtHom Observations in a variety of hematologic conditions 
other than those discussed above are presented in table 10 Several findings are 
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Fig 15 Two panenrs (N P and A P ) with thalassemia major and hyperferremia The h}per/er 
rcmia ^\as not affected b) intravenous administration of 50 mg pjTidovinc hydrochloride dail} Fo 
s\ mbols sec figure 2. 

worthy of comment In the 4 patients with aplastic anemia who were studied the 
plasma iron was markedly elevated in each Er}^throcyte protoporph}'Tin deter- 
minations were made in z In one patient the value was slightly elevated and 
in the other normal Two patients with myelophthisic anemia were found to have 
high EP A patient with hemochromatosis had a normal plasma iron and a low 
plasma copper In z patients with plumbism there was a marked elevation of the 
EP Sufficient data are not available on hcmoljTic anemia to draw conclusions since 
only z patients were studied and the results differed 

Discussion 

Our values for the normal EP correspond with those which Watson, Grinstein 
and Hawkinson® obtained in iz normal individuals, although the range in our 
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senes IS somewhat higher The data for normal plasma iron are similar to those 
recorded by others^® except that, whereas most observers have found that the mean 
value for females is significantly lower than for males, in our series the means were 
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almost identical The normal plasma copper values also agree with t osc 
by others using rehable methods plasm® 

In table ii the results of erythrocyte protoporphyrin, plasma sum- 

copper studies in a variety of clinical conditions associated with ®oc ^^^^gp^vas 
marizcd In general, it was found that in pernicious anemia in re aps 
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normal, the plasma iron normal or high and the plasma copper usually normal 
Anemia due to iron deficiency and chronic infections was accompanied by an 
elevated EP, hypoferremia and hypercupremia In nephritis with anemia the EP 
was generally increased, the plasma iron was low or normal and the plasma copper 
was increased Anemia associated with lymph node disorders or leukemia was 
accompamed by a normal or high EP, a low or normal plasma iron and an increase 
in plasma copper In thalassemia minor the scrum iron was normal, hypercupremia 
was found in 4 out of 6 patients Thalassemia major was accompanied by both 
hypcrferremia and hypercupremia Hypcrfcrremia was present in all 4 patients with 
aplastic anemia who were studied In x patients with plumbism there was a marked 
increase in EP Hypocupremia was encountered only twice, in one patient with 
severe nephritis and hypoalbuminemia and in one patient with hemochromatosis 


Table ii — Summary of the Data 
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In general it was found that in conditions characterized by hypoferremia, the 
EP and plasma copper were elevated (anemia of infection, iron deficiency, nephritis, 
lymph node disorders and Icukerma) Analyzing the data in another way, it would 
seem that there was an increase in EP in anemic states associated with a normo- 
blastic bone marrow due to a disturbance in hemoglobin synthesis, 1 e , iron 
deficiency, anemia of infection, nephritis, lead poisoning and some cases of lym- 
phoma” and leukemia In contrast, in pernicious anemia, which is characterized 
by a megaloblastic bone marrow, there was no increase in the protoporphyrin 
content of the erythrocytes These obscn'^ations are in accord with Stasnej s direct 
observations on the protoporphjTin content of various types of bone marrow " 
His studies suggested that normoblasts contain protoporphyrin in considerable 
amount, while megaloblasts do not 

A high EP has not been foimd, however, in all conditions associated vith a 
normoblastic bone marrow Thus, in the bone marrow of patients L S (Banti s 
syndrome), W G (Banti 's syndrome) and N A (congenital hemol) tic jaundice). 
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4X, 3X and 40 per cent, respectively, of all of the nucleated cells were normoblasts 
Yet the EP values in the blood were 35, 6x and 45 (xg respectively Again, in pjm 
doxinc deficiency anemia in swine^’ low values for EP have been found in the 
face of normoblastic marrow hyperplasia Watson® determined the EP in a typial 
case of thalassemia major and found it to be only xo iig per 100 cc He speculated 
that this might be because protoporphyrin is not formed in appreciable amounts in 
the early erythroblast stage This could not be the explanation for the essentially 
normal EP values in our cases, cited above, since the normoblasts in the bone 
marrow were late forms Further studies of the EP content of various types and 
stages of red blood cells are needed 

Theoretically it would seem that if hemoglobin synthesis is retarded due to 
factors other than a deficiency m protoporphyrin synthesis, the amount of free 
protoporphyrin might be increased since protoporphyrin would not be the limiting 
actor This can be visualized as follows 


(a) Porphyrin precursors — > Protoporphyrin 

(b) Protoporphyrin + Fc -j- Globin — >• Hemoglobin 

If reaction (b) does not proceed and reaction (a) continues, there would be an 
excess formation of protoporphyrin By the same reasoning if reaction (a) is the 
limiting factor it ipight be expected that the EP would be low or normal 

As indicated earlier, there is evidence that reticulocytes contain more free 
protoporphyrin than mature cells It is not known whether this represents a 
small excess left over during hemoglobin synthesis or is merely a degradation 
product of hemoglobin It would seem more logical to assume that the presence 0 
free protoporphyrin in reticulocytes represents uncompleted hemoglobin synthKis^ 
In the anemia of infection hemoglobin synthesis has been shown to be impair 
An increase in EP under such circumstances could be readily understood In iron 
deficiency anemia, lack of iron is the limiting factor If there is no defect in proto- 
porphyrin synthesis, one would expect an increase in EP Any other con 
which impair hemoglobin synthesis without interfering with protoporp y 
production should be characterized by increased EP — unless 
broken down or removed at a rate sufficient to prevent accumulation 
postulated that in pyridoxine deficiency protoporphyrin synthesis may ^ 
paired-® whereas in pernicious anemia, protoporphyrin accumulation 
prevented by its conversion to bilirubin,®® thus explaining the low and norm 
values observed in these conditions, respectively, both of which arc c a 
by hyperferremia 

In the last analysis, however, one must concur with Watson wno p 
that until It IS determined whether the protoporphyrin of reticulocytes 
a small excess left over during hemoglobin synthesis or is purely a ^ 
product of hemoglobin and until it is known whether or not pro p jts 

eliminated or built up into additional hemoglobin in the circulating cry 
significance will remain uncertain ^ crythr®®!'^^ 

The significance of the plasma iron is clearer than that of b) 

protoporphyrin Our observations arc consistent with those 
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previous investigators, cited already In conditions in which the amount of iron 
absorbed is decreased (inadequate dietary intake of iron, etc ) and in conditions in 
which the rate of elimination is increased (hemorrhage), the plasma iron is low 
In conditions in which the amount of iron going to the tissues is increased (anemia 
of infection), or in conditions in which hemoglobin is being rapidly synthesized 
(e g , pernicious anemia during treatment), the plasma iron is low In conditions 
in which hemoglobin synthesis is reduced due to factors other than a lack of iron 
(pernicious anemia in relapse, thalassemia major, aplastic ^anemia, pyridoxine 
deficiency in swine), the plasma iron is high In conditions in which hemoglobin 
catabolism is accelerated (hemolytic anemia) the plasma iron is high More than 
one of these factors may be operating, as m hemolytic anemia where both hemo- 
globin synthesis and hemoglobin destruction are accelerated In this event the 
plasma iron is dependent upon the balance of these factors and generally fluctuates, 
depending upon which factor predominates at a given time 

Knowledge of the absorption, function and metabolism of copper, especially in 
relation to cr}'thropoiesis, is so limited that interpretation of our findings is 
difficult if not impossible In general, plasma copper is a more stable constituent of 
blood than is the EP or plasma iron An elevation of plasma copper has been a 
rather consistent finding in (i) the anemia of infection, (z) “lymphomas,” (3) leu- 
kemia, (4) iron deficiency, (5) nephritis, and (6) thalassemia No change was noted 
in pernicious anemia Low plasma copper values were infrequent We have observed 
hypocupremia only twice In the patient with osteomyelitis and hypercupremia 
who subsequently developed nephritis, hypoalbuminemia and hypocupremia the 
last finding might be explained on the basis of the hypoalbuminemia if copper is 
bound to an albumin in the serum The finding of hypocupremia in the patient 
with hemochromatosis is interesting in view of Mallory s theory^® that hemo- 
chromatosis IS due to copper poisoning The hypocupremia might indicate rapid 
mobilization of the copper into the tissues 

Summary 

I A total of 108 erythrocyte protoporphyrin determinations has been made in 66 
normal individuals The geometric mean zb standard error of the mean was 31 
(16-38) 

z A total of 196 determinations of plasma iron in 91 normal individuals was 
made The mean zb standard error of the mean was 104 7 zb 3 4 /ig per cent 

3 In a total of 150 determmations of plasma copper in 105 normal individuals, 
the mean zb standard error of the mean was 118 6 zb i i jug per cent 

4 No significant difference in plasma iron was noted between the sexes but in 
females the plasma copper was significantly higher and the erythrocyte proto- 
porphyrin slightly higher than in males 

5 Erythrocyte protoporphyrin, plasma iron, and plasma copper determinations 
have been made in over iiz patients with a variety of clinical conditions associated 
with anemia In general, it was found that in pernicious anemia in relapse the 
erythrocyte protoporphyrin values were normal, the plasma iron normal or high 
and the plasma copper usually normal Anemia due to iron deficiency as well as the 
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anemia of infection were accompanied by high values for erythrocyte protopor- 
phyrin, hypoferremia and hypercupremia In nephritis with anemia the erythroc)'tc 
protoporphyrin was generally increased, the plasma iron low or normal and the 
plasma copper increased Anemia associated with lymph node disorders or leukemia 
was accompanied by a normal or high EP, a low or normal plasma iron and an 
increase in plasma copper Thalassemia major was found to be accompanied by 
both hypercupremia and hyperferremia, in thalassemia minor the serum iron values 
were normal although hypiercupremia was found Hyperferremia was noted in 
aplastic anemia In cases of plumbism the erythrocyte protoporphynn ms 
markedly increased Hypocupremia was noted only twice, in one patient with 
severe nephritis and hypoalbuminemia and in one patient with hemochromatosis 
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STUDIES IN IRON TRANSPORTATION AND METABOLISM 


VI Absorption of Radioactive Iron in Patients with Fever and with 

Anemias of Varied Etiology* 

By Reubenia Dubach, Ph D , Sheila T E Callender, M D , and 

Carl V Moore, M D 

R ecent studies of iron utilization have demonstrated that intravenously 
. administered tracer doses of radioactive iron are utilized completely for 
hemoglobin synthesis by afebrile, iron-deficient patients or animals, and almost 
completely by normal subjects ^ On the other hand, when hemoglobin synthesis 
is impaired, as in patients with refractory anemia or untreated pernicious anemia, 
in patients with febrile disorders, and in pigs with infection or pyridoxinc de- 
ficiency, both the rate and completeness of utilization are deaeased It was 
discovered, furthermore, that the amount of tagged iron which appears as hemo 
globin in the peripheral blood of subjects with hemolytic anemia cannot be used 
as a measure of iron utilization because of the rapid rate at which isotopic hemo- 
globin IS removed from the circulation These results clearly indicate that the 
radioactive iron technic for studying iron absorption, as used in the past,*"” may 
give erroneously low values because only iron built into hemoglobin is measured, 
the assumption that this amount equals the quantity absorbed is not always 
justified In the face of this new evidence, it is necessary to re-evaluate the ability 
of patients with impaired hemoglobin formation to absorb iron Absorption 
of the metal by normal subjects should also be restudied because even thoug 
normal persons use tracer amounts of injected iron completely or almost comp ete^y 
for hemoglobin synthesis, absorbed iron goes into the portal rather than t c 
systemic circulation and may, therefore, be handled in a different way This rcjmrt 
describes experiments designed to meet the above objections and to discover 
physiologic pattern of iron absorption under a variety of pathologic m 
The isotopic method for studying iron absorption has been extended to 
not only measurement of the amount of iron converted into hemoglobin a 
oral dose, but also determination of the unabsorbed portion which is c i 
in the feces A standard dose of i mg of iron per kilogram of body 
been selected Any portion of the test dose not accounted for in the 
hemoglobin and in the recovery from feces represents iron that has been 
but not immediately utilized With this approach, the prmciple that iron ^ 
subjects absorb larger amounts than do normal persons has been co 
The amount retained by healthy men and women, however, has oc^ 
exceeded lo per cent, because of the error inherent in the ° j Jjcing 
possible to determine accurately how much might be stored wit ou 
immediately for hemoglobin, but the quantity was not large It aneffl'^* 

demonstrate that patients with refractory anemia, untreated pernici ^ 

From the Department of Internal Medicine, V ashington University 
* This tvork was supported by a grant from the John and Mary R Mar c o 
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and fever often did absorb more iron than they vv^ere able to build into hemoglobin 
during the period of observation One woman with Hodgkin’s disease and hypo- 
chromic anemia, for instance, retained 50 per cent of the oral dose but used for 
hemoglobin synthesis only one-third of the amount absorbed 

These results are of considerable theoretic interest It is now believed that the 
animal organism has an extremely limited capacity to excrete iron^^- 1® except by 
hemorrhage, and that the intestinal mucosa protects the body from accumulating 
toxic amounts of the metal by accepting or rejecting iron according to need ® 

The intestinal mucosa, according to this concept, is one of the major regulators 
of iron metabolism Evidence indicating that patients with hypochromic anemia 
absorb more iron than do normal persons is compatible with this theory However, 
the observation that patients with untreated pernicious anemia and refractory 
anemia absorb appreciable amounts of the metal in spite of the relatively large 
amounts of iron in their tissues, shows the regulatory effect of the intestinal 
mucosa to be less precise than was formerly believed » 

Material and Methods 

The subiects who \ oluntccrcd for this study were healthy medical students, members of the laboratory 
staff, and patients on the Medical Service of the Barnes Hospital The test dose of radioactive iron was 
given orally, at a level of i mg of iron per kilogram of body weight, as ferrous chloride, reduced from 
the ferric state with ascorbic acid The usual procedure was to give the test dose after a night s fast, but 
in a number of experiments the iron was given 3 to 5 hours after a meal In one mstance, through an error, 
the test dose was given immediately after the patient had eaten lunch and excellent absorption of the 
metal occurred (J L , first dose, table i, fig i) Quantitative fecal collections were made until radio- 
activity measurements showed that the 14 hour specimen contamed less than o 5 per cent of the activity 
in the test dose In most of the subjects, fecal collections could be suspended after the sixth or seventh 
day In two instances they were continued until the twelfth day Since the method depended on getung 
complete stool collections, extreme vigilance was exercised by the laboratory staff Only experiments in 
which there was satisfactory etidencc of reliable collections have been included m the study Blood 
was drawn at intervals of three days for determination of the radioactive iron in hemoglobm The total 
amount of radioactivity m the peripheral blood was calculated by assummg the blood solumc to be 
80 cc per kilogram of body weight The ertor introduced by this assumption did not influence inter- 
pretation of results since the amount of iron found in the blood was usuall) small as compared ith that 
recovered from the feces Details of the technics for makmg the radioactivity determmations have ahead} 
been published 

The fresh fecal specimen was weighed and mixed thoroughly with water to which enough concen- 
trated hydrochloric acid was added to bring the final concentration to approximately o 6 N (50 cc 
concentrated HCl per liter) The suspension isas transferred quantitatn el} through a funnel to a liter 
volumetric flask, and enough water was added to adjust the \olume to exactl} one liter The flask was 
stoppered and shaken vigorously for about three minutes As quickly as possible, an aliquot sample (one 
twentieth to one tenth) of the stool suspension was measured into a Kjeldahl flask The mixture was 
then digested with sulfuric and perchloric acids The cooled digest was transferred to a 1 olumcmc flask, 
and an aliquot portion was taken for measurement of radioactnm Fne milligrams of inert iron were 
added as a carrier to the aliquot in a 40 cc centrifuge tube and the iron was precipitated with NaOH, 
using phenol red as an indicator The precipitate was thrown dowm b} centrifugation, the supernatant 
liquid was discarded, and the precipitate was dissohcd in o 3 cc of 3 M HoSOj To this solution were 
added in the centrifuge tube about 10 cc of a mixture of three parts of saturated ammonium oxalate 
solution and one part of saturated oxalic acid solution The precipitated calcium and magnesium oxalate 
salts were throwm down b} centrifugation and the supernatant solution was transferred quantitatncl} 
to the electroplatmg cell The precipitate of oxalates was stirred with a few drops of 3 M H-S04 am 
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xo cc of the oxalate mixture, the tube was again centrifuged and the washings were combined with the 
material already in the electroplating cell From this solution, the iron was electroplated onto a copper 
disk^* and its radioactivity was measured with a Kip type Geiger counter tube 

Attention is directed to the fact that iron was not extracted from the fecal specimens by ether, as 
was done in certain earlier expcriment> * Ether extraction was unnecessary because the radioacnvity 
in these fecal specimens was great enough to permit high dilutions of the specimens In these high di 
lotions, salts other than calcium and magnesium did not interfere w'lth the determination 


Table i — Efficiencj of Rccottrj of RaJ/oiroti Added to Feed 


1 

Sample j 

1 

Weight 
of Fresh j 
Feces | 

[ Chemical Form 
of Radioiron i 
Added j 

Method 

Aliquot 

Counted 

Radioiron 
Added ■ 

Radioiron 

Found 

Recovery 

i 

Cm 

1 



1 

comUjmxn ■ 

counlslmm 

% 

I 

66 

FeCh 

Ether extraction 

1/6 75 

641 

599 

93 5 

1 

72. 

FeCb 

Oxalate precipitation 

1/50 

64,310 

64 , 3 iO| 

100 

3 

72. 

FcCl, 

Oxalate precipitation 

i/ioo 

ii8,6oo 

131,600 

101 

. 4 

1 

FeCl, i 

Oxalate precipitation 

^ i/ioo 

157,100 

133,680 

9 « 

5 

50 

Fc(OH), 

Oxalate precipitation 

1/5000 

3,600,000 

3,396,000 

94 

6 

50 

Fc(OH)3 

Oxalate precipitation 

1/5000, 

3,600,000 

3,490,000 

97 

7 

50 

Fc(OH), 

Oxalate precipitation 

i/i500j 

1,440,000 

1,351,000 

94 

8 

50 

Fc(OHX, 

Oxalate precipitation 

l/lOOO| 

710,000 

668,000 

93 

9 

50 

FePOx 

Oxalate precipitation 

1/2.000 

1,440,000 

1,451,000 

100 

10 

50 

FePOx 1 

Oxalate prccipitauon 

l/iOOO 

1,440,000 

i, 374 ) 4 <» 

95 5 

II 

40 

FePOx 

Oxalate precipitation 

1/2.0 

19,500 

17.738 

9 ' 

11 j 

40 

FePOx 

Oxalate precipitation 

i/ioo 

97 i 5 <» 

98,100 

JOI 


Table l — TLe Ahoifteo/} of Radeoacteve Iron b) Patients utth Hypochromic Anemia 


Patient 

Date 

Hematologic Data 

Total Test Dose of 

RB C 

Hb 

Cell 

Vol 

MCV 

MCHC 

Radioiron 



mtlltons 

Cm 

% 

cu 

microns 

% 

ffig /h 

counts /min 

J L 

1-14-45 

4 X 4 

9 I 

3 X 

76 

i8 

I 

4,440,CXXJ 

J L 

3-16-45 *t 

4 2.3 

8 5 

30 

71 

i8 

I 

3,360,000 

0 J 

10- 7-46 

3 81 

5 4 

IX 

00 

14 

I 

I,i8o,CXX5 

M M 

3-11-47 

3 76 

7 I 

xy 

72 - 

i6 

X 

i,9io,cxxi 

H N 

5- 3 - 47 J 

4 93 

7 4 

18 

57 

x 6 

I 

09 

0 

S W 

8 -ii- 47 t 

4 06 

6 9 

M 

59 

19 

1 

31,000,000 j 


Radwiron Recovtwl 


Feces 


% 

38 

76 

64 5 

5 ° 

60 

19 


Blood 


57 

14 

57 

17 

81 


Tout 


55 

too 
100 5 
107 

87 

no 
Fc as 


* Forty-eight hours before the second test dose of radioiron, J L receive 3 
colloidal Fc(OH) 3 intravenously 

t The blood volume of J L and of S W was measured by the Evans blue yo ® 

J H N vomited four hours after taking the test dose of radioiron 

Prior to October, 1946, the radioactive isotope used was Fe**, prepared in the Labara 

cyclotron Smee that time, we have used a mixture of Fe^® and Fe'* obtained emitted b) a 

tones On each day that determinations of radioactivity were made, the number o CO ^,,,5 ^alue "as 
standard prepared from the original iron solution was also determined severa > 
used as the standard of reference for all calculations 


Results 

I THE ACCURACY OF THE METHOD 

Twelve recovery experiments were done to test the accuracy 0 ^.5 of 

of radioactive iron in feces (table i) In the first four, measure am 
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iron as feme chloride were added to four different fecal suspensions which had 
been acidified with HCl Because radioiron of weak activity was added to a large 
mass of feces in the first experiment, ether extraction according to the method 
previously described^ was used, ether extraction was not done during any of the 
remaining determinations described in this report In the next six experiments, 
the isotope m the form of ferric hydroxide, ferrous hydroxide, or feme phosphate, 
was added to the fecal specimen, carefully mixed, and incubated at 37°C for 
twenty-four hours before the determination was made, in the last two experiments 
radioactive iron as ferric phosphate was added to the solid specimen and an excess 


enZ] NOT RECOVEDED 
% IN FECES 
EBS3 % IN BLOOD 





J L 

OJ 

MM 

HN 

6W 

C6C , 

(MILU0N3) 

4 24 

423 

3 81 

3 76 

493 

406 

HB 

(GM) 

<51 

85 

54 

71 

74 

6 <5 

CELL VOL 

52 

30 

22 

27 

28 

24 

MCV 

76 

71 

58 

72 

57 

59 

MCHC 

28 

28 

24 

26 

26 

29 


Fig I Rbcovert op an Oral Dosb op Radioiron in Hypochromic Anemia 
Dose, I mg Fc per kg as FcCl* 


of N NaOH was added Recovery varied firom 91 to loz per cent, the form in 
which iron was added did not influence recovery 

Since iron-deficicnt subjects promptly and quantitatively utilize any iron 
available to them for hemoglobin synthesis,* it was thought that a study of iron 
absorption in such a group would provide a further means of checking the accuracy 
of the method In these patients, if the method is valid, the sum of the radioiron 
found in the circulating blood and that recovered from the feces should equal the 
amount given orally in the test dose Si\ experiments on patients with hypochromic 
microcytic anemia were done (table z, fig i) In only one was the recover) less 
than 95 per cent, this patient vomited four hours after taking the test dose and 
failed to save the vomitus It is possible that a small amount of the radioiron 
was lost in this way In five experiments, from 95 to no per cent of the ingested 
isotope was recovered in the blood and feces 
These two t)'-pes of observations define the accuracy of the method The error 
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recovering iron from feces may be as great as lo per cent The sum of the ainount 
found in circulating hemoglobin plus that recovered from the intestinal tract 
should not be in error by an amount greater than plus or minus ii per cent 

T NORMAL SUBJECTS 

Absorption of radioiron was measured ten times in eight different normal subjects 
(table 3, fig i) The amount accounted for in blood and feces varied 83-ico 
per cent of the administered dose, in only two instances was the value less than 
90 per cent Comparison of the amount of radioiron retained by the body (actmt)' 
in the test dose minus that recovered in the feces) with the amount found m circu 
lating hemoglobin indicates that in 9 of the 10 determinations some iron was 


Table 3 — Tht Absorpttots of Radtoacttvt Iron by Normal Subjects 


Subject 

1 

1 Date 

i 

Hematologic Data 

Total Test Dose of 
Radioiron 

Radioiron Recoierd 

RBC 

Hb 

Cell 

Vol 

MCV 

1 

MCHC 

Feces 

Blood 

Toul 





millions 

1 Gm 


% 

at 

mtcrons 

% 

ins Ih 

counts /min 

% 

/o 

% 

R 

D 

4- 

10-46 

4 

63 1 

24 

2 

43 

93 

33 

I 

600,000 

92 

7 

58 

S 

c 1 

I- 

6-47 

4 

10 

14 

2 

42- 

102 

34 

I 1 

3,180,000 

86 

6 

92 

S 

c i 

3- 

5-47* 

4 

08 

14 

41 

40 

98 

36 

I 

1,630,000 

87 

10 

97 

J 

T i 

5 - 

16-46 

4 

8i 

25 

0 

44 

92 

34 

I 

1,700,000 

98 

1 

100 

J 

T 

4- 

8-4 7t 

4 

84 

16 

3, 

45 

93 

36 

1 

1,540,000 

79 

4 

i 

T 

K. 

I- 

13-47 

5 

32- 

27 

9 

46 

87 

39 

1 

3,040,000 

83 

7 

9° 

C 

M 

I- 

2-8-47! 

5 

64 

16 

8: 

46 

Si 

37 

2 

3,360,000 

88 

9 

97 

G 

L 

G 1 
F 

2.- 

2 - 

8-47§ 
10-47 j 

4 

4 

80 

86 1 

16 

16 

4' 

2, 

47 

47 

98 

97 

35 

34 

1 

1 I 

1.400.000 

1.080.000 

81 

81 

9 

! 7 

91 

88 

J 

N 

8- 

9-47II 1 


52- j 

24 

2 

1 

44 

97 

32- 

1 I 

43,510,000 

79 

; II 



* Cohn s protein IV-7 (4 5 Gm protein) was given 1 % iminediatcl)’’ after the radioiron 
t Cohn s protein IV-7 (14 Gin protein) was gn cn 1 \ immediately after the radioiron ^ 
t Cohn s protein IV-7 (3 75 Gm protein) had been given 1 v twenty-four hours 


radioiron 

§ G G vomited 6 hours after taking the radioiron 

jj The blood volume was determined bj the Evans blue djc method 


cent 


absorbed but not utilized Even 'though this quantity amounted to 17 
in the second experiment on J T and was 10 per cent or more m three^o^^^^^ ^ 
stances, it was never large Because of the error of the method, it 
stated that the results suggest that normal persons absorb more iron 

build into hemoglobin under these conditions assurance 

There are, however, certain conclusions which can be made wit 
Patients with hypochromic anemia do absorb several times more iron^ jjQj-inal 
doses of this magnitude than do normal persons On the other 
subjects retain greater amounts than Hahn and his associates origi pj-inciHl 
might be the case Even though the intestinal mucosa may be 0^ 0 ^ 

regulators of iron metabolism as has been suggested, it is not so e 
that it causes normal subjects to reject iron almost completely 
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In three of the experiments listed in table 3, a quantity of the iron-binding 
globulin of plasma, Cohn’s fraction IV-7,* was given intravenously either before 
or after the oral test dose of iron This was done to see whether absorption would 
be increased if considerable quantities of this globulin were circulating during 
the period of absorption The differences were not great enough to justify any 
conclusion, if there was an increased absorption, the increase was certainly small 

3 PATIENTS WITH ANEMIAS OF VARIED ETIOLOGY OR FEVER 

Iron absorption has been studied in ix patients selected because they had diseases 
m which utilization of absorbed radioiron might well have been incomplete 
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Fig 1 Recovery of an Oral Dose of Radioiron Given to Normal Subjects 
D ose, I mg Fc per kg as FcCl; 


(table 4, £gs 3, 4) We wished to know (i)how well these persons absorbed iron, 
and (x) how erroneous the results would have been if the amount of radioiron 
found in circulating hemoglobin had been taken as the sole measure of absorption 
Because of the error in recovering iron from feces, no conclusions can be drawn 
from the results on patients 5, 10 and ix, even though the amount of radioiron 
found in their peripheral blood was negligible For similar reasons, caution is 
necessary in interpreting the results on patient 6 Patient ix might have shown 
greater absorption had she not had unusually rapid intestinal action Over 60 
per cent of the iron given appeared in a stool passed within eighteen hours of the 
dose In the remaining obserA’'ations, however, there is no question about the fact 

* Obtained through the courtesn of Dr E j Cohn 
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that more iron was absorbed than could be accounted for in the hemoglobin oi 
circulating blood Experiments 8 and 9 demonstrate this particularly well Thest 
two patients had Hodgkin’s disease associated with fever and hypochromic anemia 


Table 4 — The Ahsorptten ej 'Radtoaettve Iron by Patunts with Various Blood Dycrasias or lufatiM 
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* Secondary hemosiderosis from many transfusions 


nf the test dost) 

On the basis of fecal recovery, they retamed ^ 2 . and 31 pet^ tien 
yet utilized only 15 and x 5 per cent, respectively, to build hemog patients 
Particular attention should be directed to the three observations ° 
with pernicious anemia The data for one of these experiment a 
illustrated in figure 5 Shortly after admimstration of the test os jjotopc 
specific therapy in the form of liver extract was given The ra 1 
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appeared slowly in this man’s blood during a period of several months as he 
recovered from his anemia If the observations had been stopped at ten days, it 
would have been concluded from measurement of isotopic hemoglobin that only l 
per cent of the test dose had been absorbed, yet ii per cent eventually appeared 
m the blood An even more dramatic result is illustrated in figure 6, data for this 
experiment are not included in table 4 because fecal recovery was not obtained 
This patient had enough iron stored in his tissues to raise his hemoglobin from 
7 to more than 12 . grams per 100 cc after specific therapy was begun, yet he absorbed 
more than xo per cent of a test dose of radioiron This fact was completely masked 
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Fig 7 Absorption of Radioactive Iron by Patients with Pernicious Anemia 


during the period of relapse and became evident only as he recovered from his 
anemia Additional observations of a similar nature are recorded in figure 7 When 
the radioiron was given after therapy with liver extract, absorption was occasion- 
ally greater than during the pretherapy period 

Of particular interest also is the retention of over xo per cent of the test dose 
by a patient with hemochromatosis while only x per cent appeared in his blood 
Even if the fecal recovery was low by 10 per cent, he still absorbed five times as 
much as he built into hemoglobin This man had diabetes, hepatomegah , and 
bronzing of his skin He had never received any transfusions to account for second- 
ary hemosiderosis The diagnosis was confirmed by biops\ of both liver aud skin 


4 EFFECT OF LARGE DOSE OF INERT IRON GIVEN INTRAVENOUSLY ON ABSORPTION 

To one of the patients with hYpochromic anemia Q L , table x), 1345 mg of 
inert iron as colloidal ferric hydroxide YYcre given intraaenousl) This amount was 




536 


IRON TRANSPORTATION AND METABOLISM 


sufficient to increase his hemoglobin level from about 5 to over iz grams per 100 
cc Twenty-one days prior to this injection, the patient absorbed 57 per cent of a 
standard test dose of radioiron (figure 8) Two days after the intravenous therapy, 
before he had converted much of the feme hydroxide to hemoglobin and at a time 
when his tissues contained more than a gram of iron, he absorbed Z4 per cent of a 
second test dose Retention was less, therefore, after his tissues were svell supplied 
with iron, but was still relatively large 

A similar result was obtained in another patient with hypochromic anemia, these 
data are not listed in table z because fecal recoveries were not done This woman 



Fig 8 The Effect of a Large Dose of Parcntcrally AdraiDistcrcd Iron on Iron Absorption 


(A D '), With a hemoglobin value of 9 4 Gm and a mean corpuscular hemog 0^ ^ 
concentration of Z9 per cent, absorbed 60 per cent of a test dose of ^5 

control experiment Six weeks later she was given intravenously 755 ^5 
colloidal feme hydroxide On the eleventh day after this procedure, ^ 
hemoglobin had risen to 1 1 3 Gm and the mean corpuscular hemoglobin 
tion was 30 per cent, she was given a second dose of radioiron Of this, 
appeared in her blood as hemoglobin Likewise, when 480 mg of iron as 
ferric hydroxide were injected into a dog with depleted iron stores, a ^ 
decreased from 14 9 per cent (control period) to 6 9 per cent These res 
variance with those of Hahn and his associates® who reported m one 
that colloidal iron (304 mg ) given by vein to an anemic dog did not sig 
modify iron absorption 
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la other experiments done on dogs made chronically anemic by regular phlebot- 
omy, the authors have demonstrated that the level of iron in the serum has no ap- 
parent effect on iron absorption If the serum iron level was raised above 500 mg 
per cent by intravenous administration of a soluble iron salt immediately before 
radioiron was given orally, absorption was not decreased (figure 9) 



*Givtn m^nre. radio adtvt iron per kilo^am body wei^t (as ferrous chloride). 000 counts per hour) 


Fig 5 Effect of Iron in Blood Scrum on Iron Absorption Radioactnc Isotope Used 

Discussion 

The results of these experiments indicate clearly that patients with impaired 
hemoglobin formation are capable of absorbing more iron than is used for hemo- 
globin s}Tithesis The data also suggest, but do not prove, that normal subjects 
may occasionally absorb more iron than is built immediately into hemoglobin 
Caution must be exercised, therefore, in interpreting estimates of iron absorption 
obtained solely by measuring the per cent of a given test dose of radioiron vhich 
appears in the circulating blood as hemoglobin Even vhen these limitations arc 





538 


IRON TRANSPORTATION AND METABOLISM 


recognized, the isotope method is still the best one available for studies of iron ab- 
sorption Recovery of unabsorbed iron from feces, as was done in these studies, is 
too difficult and too time consuming to be practical An error of approximately lo 
per cent, furthermore, is involved in the recovery If a study is to be made of the 
relative absorption from different iron salts, or of the effect of various influences like 
achlorhydria, food, the calcium-phosphorus ratio, etc , on iron absorption, the 
ideal procedure would be to use the isotope technic but to select only afebrile, 
iron-deficient patients as test subjects 

Objection might possibly be made to the experiments reported m this paper on 
the ground that one cannot be sure that a portion of the iron recovered in feces had 
not been absorbed and promptly excreted into the colon There is abundant evi- 
dence, however, that the amounts of iron excreted into the gastrointestinal tract 
are minute Any error introduced in this manner would be much less than the 


error of recovery per se and would be insignificant 

These results are of theoretic interest chiefly as they relate to the theory that the 
intestinal mucosa serves as a major regulator of iron metabolism ® Granick 
has postulated the following explanation of absorption the intestinal mucosal cells 
contain a protein, apoferritm, which combines with iron to form ferritin The fer- 
ritin iron IS thought to be in equilibrium with small amounts of ferrous ions in the 
cells, and the ferrous ions in turn arc postulated as being in equilibrium with the 
iron in plasma According to this concept, iron is taken up by mucosal cells until all 
the apoferritm is converted into ferritin No more is absorbed until some of the fer- 
ritin has given up its iron to plasma This theory explains beautifully the fact that 
iron-deficient subjects absorb more iron than do normal persons It does not account 
adequately, however, for the equally clear demonstration that patients with perni- 
cious anemia in relapse, with refractory anemia, or with hemolytic anemias may 
also absorb fairly large amounts of the metal even though their tissues are replete 
with iron If the intestinal mucosa is a major regulator of iron metabolism, pto- 
tecting the body from an uptake sufficiently great to cause toxic concentrations m 
the tissues, it at least is not as complete a regulator as it was first thought to 
Many of the factors which control iron absorption are unquestionably 
known In unpublished experiments, the authors have confirmed Hahn s 
tions that anemia by itself does not influence iron absorption Uptake from ^ 
intestinal tract has been shown to be independent of the plasma iron concentrat^^^ 
On the other hand, if tissue iron reserves of subjects with 
are partially restored by the parenteral administration of large amounts 
uptake of the metal from the alimentary tract becomes less complete j, 

ity has been explored that a factor may be present in the blood of iron 
jects which stimulates absorption, but in two unpublished experiments^ 

Sion of large amounts of plasma from iron-deficient into normal ^ 
affect the quantity absorbed The mucosal block theory of Hahn an t 
mams the best explanation for all the known facts about iron absorptio 


‘ block’ ' should be thought of in relative terms 
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Summary and Conclusions 

I The isotope technic for studying iron absorption has been extended to measure- 
the unabsorbed isotope in feces as well as the amount synthesized into hemoglobin 
The recovery of radioiron from feces was shown to be accurate within lo per cent 

L There was suggestive evidence to indicate that, with the i mg per kilogram 
dose employed, normal subjects may sometimes absorb more iron than is converted 
within a two week period into hemoglobin 

3 Patients with fever, untreated pernicious anemia, and refractory anemia were 
shown to absorb more iron than they use for hemoglobin 

4 Patients with hemolytic anemia may absorb more iron than can be recovered 
in the peripheral blood at any one time because isotopic hemoglobin is removed 
from the circulation at a rapid rate 

5 Except in afebrile patients with hypochromic anemia, acceptance of the per 
cent of a given dose of radioiron which appears m circulating hemoglobin as a 
measure of iron absorption must be made with caution 

6 The theory that mucosal cells accept iron for absorption or block its assimila- 
tion provides the best known explanation for iron absorption, but patients with 
adequate iron stores may assimilate considerable quantities of the metal and the 
block must be regarded as relative 
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OSMOMETRIC BEHATOR OF NORMAL AND ABNORMAL 
HUMAN ERYTHROCYTES 


By George M Guest, M D 

V ARIOUS investigators have postulated two mam principles which seem to 
govern the swelling and hemolysis of red blood cells suspended in hypotomc 
salt solutions namely, the cells imbibe water according to the laws of osmosis, 
and their maximum swelling is limited by an inelastic surface membrane Accord- 
ing to this concept, hemolysis occurs when the erythrocytes in hypotomc solutions 
attain a critical volume at which the cells rupture and allow hemoglobin to escape 
Studies of the physico-chemical mechanisms involved in the processes of osmotic 
swelling and hemolysis of erythrocytes have involved a great deal of controversy, 
especially over the question of whether the mammalian red cell behaves as a 'per- 
fect osmometer,” adapting itself to changes m osmotic pressure of surrounding 
fluids by the transfer of water alone (Ponder Evidence assembled by Ponder*® 
from many sources indicates that the erythrocytes of various species sometimes do 
behave as perfect osmometers, but at other times and under varying conditions 
they behave as decidedly imperfect osmometers The reasons for this variable be- 
havior are still obscure 

Methods devised for the measmement of the osmotic fragility of red cells have 
had clinical applications especially valuable in the diagnosis of congenital hemo- 
lytic jaundice and in the dificrential diagnosis of ocher types of hemolytic disease 
The first development of such a method is generally ascribed to Hamburger*® who 
in 1883 devised a test that involved the notation of ' beginning” hemolysis and 
"complete ’ or total hemolysis, or the points of minimal and maximal resistance 
of red cells suspended in a series of solutions of diminishing concentrations of 
sodium chloride Jolly*® states that even earlier, in 1880, Chanel® described a 
method for measuring red cell fragility in hypotonic salt solutions and applied it in 
clinical studies It is of interest to note that Chanel’s was a quantitative test, in 
contrast to the essentially qualitative test of Hamburger According to Jolly, 
Chanel made suspensions of blood cells in a series of salt solutions of diminishing 
concentrations and after a given time determined the number of cells destroyed by 
counting the intact cells By this method he demonstrated diminished osmotic 
resistance of erythrocytes in certain anemias and increased resistance in certain 
types of jaundice Whitby and Hynes®* independently developed approximately the 
same procedure in 1935 Several refinements of Hamburger’s procedure have been 
suggested to disclose minor differences in cell fragility that characterize certain 
pathologic types of red cells (Wintrobe®®“)i but the noteworthy ad\ances in 
methodology are mainly confined to quantitative measurements of hcmol)sis 
Estimations of the degree of hemol}sis at each point in the hemol} tic series have 

From the Children s Ho-ipital Research Foundarion and the Department of Pediatric*; Unnersiu of 
Cincinnati, College of Medicine, Cincinnati 
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been made by determinations of the hemoglobin liberated from the erythrocyte 
into the suspension fluids by visual colorimetry^ ” and by more accurate photo- 
electric colorimetry 

Various technics have been employed for demonstrating the swelling, or osmo- 
mecric behavior, of various species of red cells in hypotonic flmds determinations 
of cell volume have been made by centrifugation, employing several types of hemat 
OCTit apparatus, and by electrical conductivity measurements, estimations oi mm 
cell diameters have been made by diffraction methods and by measurements of pto 
jected images of the cells, sometimes with photography (Ponder'2-21^ Another 
approach to this study is by kinetic methods (Jacobs, ct al whereby the rate of 
hemolysis of red cells is determined, within pieriods of a few seconds, in hypotonic 
solutions at the critical tonicities, or less, that produce complete hemolysis Such 
technics have been used rarely if at all in clinical studies of abnormal tj'pa ol 
erythrocytes 

Seeking a practical method for studying the osmometric behavior of red cells in 
climcal investigations, Guest and Wing® at first employed standard Van Allen 
hematocrit tubes^^ m which blood was diluted in the usual senes of salt soluuons 
After centrifugation the volume of packed cells, measured in the graduated stems of 
the pipiets, afforded an estimate of the swelling of the cells that occurred before 
hemolysis, and the progress of hemolysis at lower tonicities was judged by the 
diminishing mass of cells as well as by the color of the flmd in the bulbs of succes 
sive pipcts A later elaboration of chat procedure® combined the quantitauvc 
determination of hemolysis with measurements of the volume of ccUs at each stage 
of the test Observations made by this method on the erythrocytes of normal adults, 
children and newborn infants indicated that the swelling of these normal human 
red cells in every instance followed closely that expected in perfect osmometers 
Moreover, the maximum volumes attained by the normal cells before hemo yi 
agreed closely with predictions based on estimations of their mean surface area, 
thus supporting the view that the red cell cannot distend beyond the limit sttj 
Its surface area The present paper reports further data, gathered by that m« 
on the erythrocytes of normal subjects and on the erythrocytes of patients s 
several diseases in which abno-mal fragility of red cells is commonly foun 


Method 

Only the main steps of the procedure and the principal calculations employed need be g 
further details may be found in the paper by Guest and Wing * The spcaal Van Allen ,0 

kted bulb devised for rhis method is calibrated to contain 8 o cc when filled to the ^ jjj 
contam o 01 cc in the graduated portion of the stem marked with 100 dnisions u tb 

usuallj used in each test Heparinized blood is drawn mto the stem to the 100 10 

appropriate solution of NaCl is drawn into the pipet almost to fill the bulb, Icavi^ as ^ ^ 

facilitate mixing the fluid and blood The usual series of salt solutions is employed, j,j[nolon 

per cent NaCl, with decrements m concentraaons o i or o 05 p:r cent before the -g‘ 
and o 0x5 per cent through the expected critical range of hcmolj sis The op ol ea p y'^ 
with a rubber cushioned sprmg clip and the pipcts are left resting in a honzonta po d 

perature an hour, after which thej arc centrifuged lo minutes at 1300 to 3000 ^ g p cc nurk lOili 

packed cells is read in per cent on the graduated stem The bulb is then filled to cif a 

disollcd water (making the dilution of blood i 400), the fluid is transferred b) means 
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pipct to colorimeter tubes, and the hemoglobin content of each fluid is read in a photoelectric color- 
imeter ^ The total hemoglobin content of the blood is determmed on a separate sample measured mto 
distilled water, with a drop of ammonium hydroxide added to insure complete hemolysis and absence of 
turbidity The hemoglobin content of each supernatant fluid in the scries is then expressed m per cent of 
the total hemoglobin, indicatmg the per cent hemolysis found at each toniaty Further calculauons arc 
made to compare the obscn'cd cell volumes with the expected osmomctric swelling at each tonicit) 
and to predict the maximum swelling expected if the cells attain the volume of spheres within the limits 
of their estimated mean surface area 


Table i — Hemolysis and changes tn volume of normal erythrocytes of blood diluted i 400 in 
solutions of sodium chloride Normal child, S S 
These data arc presented graphically in figure 1 
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49 6 

130 


135 

0 

96 

0 550 

0 

51 X j 

137 


M 5 

0 

95 

0 

0 

0 6 

55 1 

145 

146 

150 

0 

97 

0 500 

I I 

58 0 

151- 

154 

156 

0 

99 

0 475 

2- 4 

fix 0 

i6x 

ififi 

163 

1 

OX 

0 450 

4 j 

fii 5 

i6i 

168 

170 

0 

99 

0 415 

19 8 

53 0 

139 

173 

178 

0 

97 

0 ^00 

50 4 

31 0 

81 

164 

188 



0 375 

79 0 

9 ^ 

M 

“5 

198 



0 330 

88 9 

X 0 

5 


110 



Average 

0 

98 


* Volume of a perfect osmometer, in per cent of its iniual \olumc, assuming the initial water 
content to be 70 per cent b) volume 

fR saluc IS the ratio, observed cell lolumc (corrected for hcmoljsis) to the expected osmo- 
mctric 1 olumc 

t Values in per cent of the inmal i olumc of the cells in o 5 per cent NaCl soluuon 

Data thus determmed on a sample of normal blood are presented in table i 
Column I indicates the tonicities at which the readings of hcmoljsis, listed in 
column X, and of cell volume, listed in column 3, were made In column 4 the values 
for cell volume at the respective tonicities are converted to percentages of the initial 
volume as read in the o 9 per cent NaCl solution, and in column 5 these \alucs in 
turn are corrected for hemolj sis (cmploj ing the values in column x) to indicate the 
true volume, or swelling, of the cells remaining intact in the tubes a\hcrc partial 
hemolj SIS occurred The values for expected osmomctric a olumc, gn en in column 6, 
are based on the formula of Ponder''' V = ir(i T — 1) + 100. where V = the new 
volume of the cells in per cent of their initial \ olumc, H' = the percentage b\ 

\ olumc of \\ arcr in the cells, taken as 70 per cent, T = the ratio of the toniciti of 
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the medium to o 9 per cent NaCl solution (1 e , with o 45 per cent NaCl, T -0^), 
100 = the initial volume of the cells In the last column the “R values” rcprcsenc 


Table l — Osmotic swelling ami hemolysis of normal human erjthrocytes m 
hypotonic salute solutions 


Normal 

Subjects 


Adults 

I 

z 

3 

4 

5 

6 


Initial Mean Dimensions 


Diam Thick 
clcr ncJS 


Children 

14 

15 

16 


Newborn 

infants 

19 

zo 

XI 

IZ 

^3 

M 


Volume oI Tomcitj 
a sphere at which 
with same maximal 
surface swcllinK 
area occurred 


I 98 141 
I 93 140 
z 05 146 
z 05 146 
I 95 140 
I 9z 137 

I 94 137 
I 86 119 
I 97 144 
I 89 139 
z 07 134 
z 13 133 
z 05 146 


8z 76 1 81 134 

77 7 4 I 79 12-8 

84 75 I 90 133 

8 z 7 3 I 86 13Z 

77 7 4 I 79 1^8 


109 77 z 34 130 

110 81 z 14 157 

113 80 z Z5 157 

no 79 z Z4 154 

106 79 z 16 15Z 

104 79 z IZ 151 


o 475 
o 450 
o 450 
o 450 
o 4x3 
o 4x3 


Hemol 
jsis at 
this 

tonicit> 




O 450 
O 4Z5 
O 450 
o 475 
o 4Z5 
o 450 
o 450 
o 450 
o 450 
o 4x5 
o 450 
o 475 
o 475 


o.mo- 
mctric 
lolume 
at this 
tonicit) * 


Maxitt 

\-o 

urn Cell 
urne 

Ex 

peeled, 

calcu 

lattd 

from 

surface 

area 

Found, 

obsened 

volume 

corrected 

forhemob 

ISIS 

ra 

171 


173 

179 

169 

171 

169 

166 

17Z 

180 

171 

171 

176 

178 

171 

17X 

171 

174 

175 

175 

164 

163 

i6x 

166 

166 

165 

178 

174 

177 

171 

174 

173 

174 

373 

177 

174 

139 

153 

168 

165 

164 

163 

163 

161 

166 

168 

167 

168 


* Volume of a perfect osmometer, in per cent of its tmual volume, assuming 
content to be 70 per cent by volume 

t Values in per cent of the imnal volume of cells in o 9 per cent NaCl so pound 

R value in each case is the average for all points determined in the senes 
maximum swelling of unhemolyzed cells 

/ R j(i the 

the ratio of the observed expected swelling Ponder introduced t e ^ after 

formula, F = RW^i/T - i) + 100, “to reconcile observation with 
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finding discrepancies between observed volumes and expected volumes of cells at 
different tonicities, when some erythrocytes did not behave as perfect osmometers 
Where the observed swelling agrees with that calculated from the formula, with 
the water content of the cells assumed to be 70 per cent, the value is i 00 Thclv 
values at different points in the series range between o 95 and i 01, a degree of 
variability that may be regarded as approximately the experimental error of the 
method 

Values for the mean volume of the cells in the undiluted heparinized blood were 
calculated as usual from the hematocrit measurement® and the cell count, and the 



Fig I Osmotic Behavior of Normal Erythrocytes in the Blood of a Healthy Child, S S , 3 ^ 

OF Age 

Hemolysis and changes in volume of erythrocytes in h) potonic salt solutions (i) Hemol) 
pressed in per cent of the total hemoglobin in the sample, (1) Observed cell volume, per cent ° ^ ^ ^ ^ 
volume of the cells in o g per cent NaCl solution, (3) Cell lolumes corrected for 
volume of the unhemol^zed cells, (4) Expected maximal cell volume calculated from 
area, (5) Expected osmometric volume of the cells at different tonicities, assuming the 1 
content of the cells to be 70 per cent Data on this blood arc listed in table 1 

mean diameter of the cells was read from stained films by means of the 
Hauser erythnocytometer “ The mean thickness CO calculated om 
volume and diameter (T = V/wO The mean surface area was calculate as 
flat disc of the same thickness and diameter The expected maxim 
calculated as the percentile relationship of the volume of a swelh®! 

surface area to the initial mean volume of the cells, 1 e , the pcrce ^ 

expected if the cells attain their maximal volume as spheres wit 10 7 1 

their mean surface area, following essentially the steps suggestc / 


Observations 


j!1u5 


Several different patterns of osmotic behavior of human erythr 5C 

trated by examples cited in the accompanying tables and gore , 
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lected from a large series of studies that were made during the years 1939 to 1943 
with the assistance of Miss Mary Wing Presumably normal red cells from healthy 



Fio 1 Congenital Spherocttosis, or Hemolytic Icterus, in a Boi, J J , 4 Years of Age 
For e\planation of s) inbols sec figure i 



Fio 3 Mild Anemia, wth Hn>oniROMiA and Microcitosis, Presumadli Due to Simple Iron Drn- 

ciENC^, IN A Woman, F D 

For c\plamcion of s\ inbols see figure i 

subjects are represented in tables 1 ind x and figure i, abnormal t\pes of cells arc 
represented in table 3 and in figures x to 7 

Nomial st/bjfcrs Obseriarions on the blood of a normal child, S S arc illus- 
trated b\ figure I, and b\ data listed in table 1 and in tabic x, example 17 In the 
figure, cur\cs 1 and 3 shots hot\ the swelling of the cells before and the po'nr 
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of beginning hemolysis (curve 1) followed closely the expected osmometne 
volume (curve 5) at each tonicity, to reach exactly the expected maximal cell 
volume (horizontal line 4) predicted from the mean surface area calculated from the 
measurements of initial dimensions 



Fig 4 THALASaEiHA (Cooley's Disease, or Mkditbrraneak Akesoa) in a Boy, G, B , 15 Years of Aoe 

For cxplanatiOD of symbols see fignre i 



For explanation of symbols sec figure i 

In table x data on the erythrocytes of normal subjects, adults, 
born infants, are arranged to show how normal cells, though varying to 

in their dimensions of mean volume, diameter and thickness, co attain a 

the pattern of behavior illustrated in figure i Normal erythrocytes 
maximal volume of from 170 to 175 per cent of their initial volume, 
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of s\Ncllin5 IS found most often in about 042.5 per cent NaCl solution The R 
values in table 2. represent the average of all values determined in the series for 
each blood up to the point of maximal swelling Among the bloods from adults and 



Fig 6 SiCKLKvnA u mi Anemia in a Neoho Do\ , M W , 4 Years of Age 
For cxjilanatjon of symbols see figure i 



WITH Liver Extract 
For explanation of symbols sec figure i 

children listed, the deviations of the R values from the theoretically expected value 
of I 00 are scarcely more than can be ascribed to experimental error It is to be 
noted that the R values for the macrocytic cells of newborn infants were consist- 
ently slightly low, around o 95 , but the observed maximal swelling agreed closely 
with the values, around 165 per cent, predicted from the mean surface area 
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Congemtal spherocytosis Figure 2. illustrates diagramatically the osmometne be- 
havior of the erythrocytes of a 4 year old boy (sample J J , in table 3) suffering 
typical manifestations of congenital hemolytic jaundice Hemolysis of these cells 
began in o 8 per cent NaCl solution and appeared to be complete, with cellular 
residue too low to be read, in o 45 per cent solution (although the hemoglobin 
liberated in this solution represented only 85 per cent hemolysis) The swelling of 
the unhemolyzed cells followed fairly closely the expected osmometric volume, and 
reached exactly the calculated maximum volume, i5z per cent of the initial cel 
volume 


In table 3 are listed data on ten samples of bloods from patients suffering con 
gemtal hemolytic jaundice Hemolysis of the cells in these bloods began in solution! 
of NaCl varying from o 85 to o 65 per cent, and in all instances appeared to be coni' 
plete (by visual inspection) in solutions around o 40 per cent Except for the lasi 
sample listed, the maximum swelling of these erythrocytes was between iiS and 
156 per cent of their initial volume The last two samples listed, from the patient 
W M , were drawn respectively before and two weeks after splenectomy A great 
improvement in the patient’s general condition was observed after splenectomy 
The postoperative blood sample showed lessened red-cell fragility as indicated by 
the point of beginning hemolysis and by greater maximum swelhng, compared 


with that of the sample drawn before operation In all instances the maximum 
swelling was predicted fairly closely from the mean surface area of the cells, aod 
the K-values were about the same (within limits of experimental error) as those of 
normal erythrocytes at all tonicities up to the pioint of maximal swelling 
Hypochromic anemia In studies on patients with varying degrees of anemia pre 
sumed to be due to simple iron deficiency, different patterns of osmotic behavior 
the red cells were found among bloods showing varying degrees of hypochromia 
and microcytosis The first example in this group, cited in table 3 and figurej, wasi 
blood sample from a Negro woman, F D , with mild anemia, with hemoglobin con- 
centrations in the whole blood 9 9 grams and in the packed cells 30 grams pet 1^ 
cc , and the mean cell volume 75 cubic microns The unusually high va ue 
maximal swelling of these cells, 199 pier cent of their initial volume, agreed c ose 
with the predicted value and the swelling followed very closely the expcctc 
metric swelling up to the maximal point, with an average ff-value ^ ^ ^ 

three examples cited in this group, R G , D P , L W , with cells s 
greater degree of microcytosis and hypochromia, the swelling of the ce s 0^^^ ^ 
the expiected osmometric volumes up to a certain point, in each case ^ 
ginning of hemolysis, but thereafter the swelling of the remaining cc 
than expected (R-values at first i 00, then o 80 to o 91) and the maximum 
attained were less than the values predicted from the mean surface area 
Thalassemia The first of the two sets of data listed under thalassemiaj ^ 
and illustrated in figure 4 concern the erythrocytes of a 15 year old 
exhibited typical manifestations of Mediterranean or Cooley s anemia, 
spleen, moderate skeletal changes, moderate anemia and jjornid 

cells were moderately large in mean volume and diameter, but thinn 
There was the usual wide span of osmotic resistance, with hemoljsm 
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o 5 and not complete until around o i per cent NaCl At all tonicities the observed 
swelling was less than the expected osmoinetric swelling, with the R-value 
gradually diminishing, from o 88 to o 81, but the final maximal volume of xi3 
per cent approached closely the value predicted from the mean surface area The 
second set of data listed in the table relate to this boy’s brother,} B , who showed 
no physical manifestations of this disorder but whose blood showed the typical 
target cells and microcytosis such as have been noted by several investigators^®'* 
among essentially healthy members of the families of patients suffering with 
Cooley’s disease These cells were small and thin, they too had a rather wide span 
of resistance, but their swelling followed closely the normal expected pattern up to 
a maximum volume of 199 per cent, with behavior like that observed in the case 
of F D , illustrated in figure 3, with mild hypochromic microcytic anemia Two 
other siblings in this family had mild anemia that did not respond to the adminis- 
tration of iron, with microcytic hypochromic erythrocytes and target cells like 
those of the blood of J B and displaying similar osmotic behavior Apparently 
the defect responsible for poor osmometne behavior in the cells of the patient, 
G B , was not present in the cells of the siblings, although the microcytes and 
target cells in such families have been regarded as part of the genetic picture of 
thalassemia 

Stcklemta The two patients, M J W and M W , represented in figures 5 and 
6, respectively, displayed noteworthy differences in symptomatology as well as 
differences in the osmotic behavior of their red cells The first, M J W , repre- 
sented in figure 5, had experienced little illness, was not known to have had crises 
of anemia or jaundice at any time, and the spleen was not palpable Sickling of 
his cells in a sealed cover glass preparation occurred quickly and involved prac- 
tically 100 per cent of the cells The other, represented in figure 6, had suffered 
repeated crises of abdominal pain associated with anemia, slight jaundice, and 
enlargement of the spleen Sickling in his blood occurred rather slowly and in- 
volved about half of the cells in a sealed cover glass preparation allowed to stand 
twenty-four hours at room temperature Reticulocytes in the two bloods were 
respectively 2. 6 and ii z per cent The erythrocytes of both bloods were thinner 
than normal (sec data in table 3) The swelling of the cells in both bloods at all 
tonicities was considerably less than the expected osmometric swelling The cells 
represented in figure 5 attained a maximum volume close to that predicted from 
the surface area, but in figure 6 the observed maximal volume is seen falling far 
below the predicted value Figure 5 shows a considerably increased osmotic re- 
sistance, with only slight hemolysis appearing at tonicities from o 45 to 035 
per cent NaCl and complete hemolysis at around o 1x5 per cent Figure 6 shows a 
diminished resistance of part of the cells, with hemolysis bcginmng in o 6 per 
cent NaCl solution and complete at around o XX5 per cent Data on the red cells of 
a third patient (subject E J ) with sicklemia cited in table 3 resemble those of 
the subject M J W in that the R-values were consistently low but the observed 
maximal volume agreed closely with the predicted maximal volume 

Femtctoiis ammia Observations on the erythrocytes of a patient, J W , suffering 
from pernicious anemia arc illustrated in figure 7, other data on these cells arc 
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listed in table 3 This sample of blood was obtained when the reticulocyte cot 
was X5 per cent, following the administration of liver extract The erythroc}i 
were typically large in ail dimensions, their swelling at all tonicities was It 
than the expected osmometric swelling, and the maximal volume found w 
considerably less than predicted from the mean surface area These obscrvatio 
are presented not to suggest that such findings are necessarily typical of pernicio 
anemia (further observations on other patients are lacking) but to illustrate aga 
a pattern of abnormal behavior found in red cells of pathologic type 
Miscellaneous Normal osmotic behavior of erythrocytes, corresponding close 
to that illustrated in figure i, has been found in cases of polycythemia vera, ci 
rhosis of the liver, anemia associated with acute and chronic nephritis, lipo 
nephrosis and other metabolic diseases 


Discussion 

These observations indicate that normal human erythrocytes, and also son 
abnormal types of red cells varying considerably in size, shape and hemoglobi 
content, display a remarkably uniform pattern of osmotic behavior in hypotoni 
salt solutions, swelling like perfect osmometers up to a maximum volume c 
spheres within the limits of their surface areas Contrasting pictures may be see 
in studies of the thick cells, spherocytes, of congenital hemolytic icterus and th 
thin cells of mild hypochromic anemia as illustrated in figures x and 3 rcspectivci) 
The patterns of behavior exhibited bv the two types of cells appear to be governe 
by fundamentally similar principles, although their relative ‘‘fragility 
to be quite different The abnormal fragility of the cells of congenital hcmol)U 
icterus probably depends on the character of the internal structure of the ce 
that IS responsible for their greater than normal thickness rather than on an 
abnormality of the surface membrane affecting its permeability or suscepti 1 1 , 
to stress ^ 

The well known increased resistance, or decreased fragility, of the red c 
thalassemia, indicated by the points of beginning and complete hemolysis m 
Hamburger series, can be explained by two mechanisms demonstrated m g^^ ^ 
First, the cells behave as poor osmometers, swelling less than 
tonicities, and second, the very thin cells of large diameter are capab e 
greater percentile swelling than normal cells within the limits of t 
area Such explanation applies also to the somewhat increased osmotic 
of the cells of the patient with sicklemia, represented in figure 5 j as pool 

The red cells in all three cases of sicklemia cited in table 3 be 
osmometers, swelling less than expected at all tonicities The the 

was wide m each instance In two cases the observed 
cells agreed closely with the value predicted from the mean surface 
the case of M W (fig 6), the observed maximal swelling j. cjioical 


predicted It seems possible that the patients represent distinctly 1 j-he cclb) 

typies, one showing merely the sickling trait with increased 
and the other a more complicated picture of a hemolytic ^ 

increased fragility of at least a part of the red cells The patient 
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symptoms and ph}sical manifestations, with crises of jaundice, anemia, and 
cnhrgcincnt of the spleen, compatible with this concept There is of course the 
possibilit) that n hemolytic trait may be superimposed on the sickling trait 

Investigators who have found erythrocytes swelling less in hypotonic fluids 
than should be expected if they imbibe water like perfect osmometers have offered 
several explanations for this behavior namely, Qi') that salts escape from the cells 
in the course of their swelling, not necessarily at a constant rate nor reaching the 
same equilibria at different tonicities, (x) that variations in the water content 
of the cells may be large, so that the formula for osmometric swelling, based on 
an assumed initial water content of 70 per cent, cannot be applied to all erythro- 
cytes alike, (3) that some of the water in the cells is “bound” to hemoglobin 
and other constituents and is not transferrable by osmosis, (4) that phenomena of 
gelation in some cells may lead to physical conditions quite unlike those assumed 
for a simple sac or envelope containing hemoglobin and other osmotically active 
substances in solution 

It would appear that any one or several of these explanations might apply to 
the osmotic behavior of abnormal types of erythrocytes such as arc cited here 
It IS well to note, with regard to seemingly contradictory statements of various 
investigators regarding the osmotic behavior of “the erythrocyte,” that generali- 
zations are not sound when they imply (as some have) that observations on the 
red cells of one or a few members of a species can be applied to all individuals of 
the species or to ocher species It must be borne in mind that erythrocytes of 
different species differ considerably in their characteristics 'of osmotic fragility, 
also, that differences m osmotic behavior of red cells drawn from the same individ- 
ual at different times may arise from alterations in cellular composition and meta- 
bolic activities induced by various pathologic conditions, which may not be 
readily apparent and may even be transient * 

Summary 

Normal human erythrocytes suspended in the senes of hypotonic salt solutions 
employed for testing red cell fragility behave like nearly perfect osmometers 
throughout the series, with their maximum swelling, usually around 175 per cent 
of their initial volume, sharply defined by their mean surface area The same prin- 
ciples govern the swelling and hemolysis of some abnormal types of erythrocytes 
with different characteristics of abnormal fragility or resistance to osmotic hemol- 
ysis The red cells of congemtal hemolytic icterus exhibit essentially normal 
osmotic behavior, but since the spherocytes can swell very little within the limits 
of their surface area they rupture at higher tomcities, with the maximal swelling 
in most instances around 150 per cent of their initial volume Thin cells arc capable 
of greater swelling than normal cells Moderately hypochromic erythrocytes from 
patients with mild anemia behaved like perfect osmometers throughout the senes, 

♦The effects of cfuironmcntal factors, eg , anticoagulants, diluting fluids, time of prcscrsation, 
temperature, etc , on erj throevtes prior to studies of their osmotic behavior have been thorough!) 
discussed m several papers of the symposium on blood presers ation rcccntl) published m the J Clin 
Insestigauon, atf ^591-755, July 1947 
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to attain a maximal swelling of around too per cent, this value agreeing with 
predictions based on their mean surface area 
Erythrocytes of patients with thalassemia, sicklemia and pernicious anemia 
exhibited less than the expected osmometric swelling throughout the senes of 
hypotonic solutions The cells behaving as imperfect osmometers displayed varying 
patterns of hemolysis, and of maximal swelling in relation to predicted values 
The increased osmotic resistance characteristic of the cells of thalassemia is ac 
counted for by two mechanisms they swell less than normal cells at each tonicity, 
and, being thin, they undergo greater swelling (around tto per cent) before the) 
are hemolyzed 
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A METHOD FOR DETERMINING THE FORM OF THE DISTRIBUTION 
OF RED CELL RESISTANCES TO SIMPLE HEMOLYSINS 

By Eric Ponder, M D , D Sc 


T he determination of the way in which the resistances of red cells a 
distributed with respect to hypotonicity (the erythrocyte fragility test) is 
familiar laboratory procedure, and methods have been described for finding tl 
distribution of the resistances of red cells to heat,^ * to acid,^ to shaking,^®'! 
saponin hemolysis^ ** and to hemolysis by lysolecithin ® It is now recognized thi 
the form of the frequency distribution of red cell resistances to hypotonicity 
determined primarily by the variations in the shape of the cells of the s}^tera,’‘’'- 
and It IS reasonable to think that the forms of the frequency distributions ofre 
sistances to lysins such as saponin or digitonin depend on the chemical nature am 
spatial arrangement of the components of the red cell architecture, i e , on tb 
consist"* of the cell or of its surface ultrastructure Just as it is necessary to have i 
method by means of which fragility can be described quantitatively before it: 
relation to shape can be appreciated, so it is necessary to have a method by meat's ol 
which the distribution of resistances to lysins can be described quantitatively 
before it is possible to study the relation of the resistance to chemical composition, 
spatial arrangement, etc 

The purpose of this paper is to describe a method for measuring the resistance o 
red cells to simple hemolysins, to define the range of normal variation, and to give a 
few illustrations of abnormal variations in resistance which occur under conditioK 
in which It IS reasonable to believe that abnormal variations in the consist o 
members of the cell population have occurred Emphasis will be placed on t co 
servations being made and treated so that the raavimum amount of information 
be extracted from them, because the full potentialities of methods for 
red cell resistances are not realized when they are carried out in siraph e 
Further, it should be remarked at the outset that the method to be descri 
general application, although it is illustrated by results obtained with on ) 
simple hemolysins, in addition to the results of fragility determinations 

I Composition of the Hemolytic Systems 

To illustrate the procedure, the tu o lysins saponin and digitonin have been selected tlic 

More IS known about the kinetics of lysis by saponin than by an) other l)^in, pigi 

frequency distribution of resistances makes it particularly useful for picking up bim a 
tonin IS selected because it is one of the few powerful lysins which can be obtain (unlil-' 

(unlike the saponins, the activity of which is variable), and free from inhibitory con 
most preparations of the bile salts) , cent 

(a) Saponm Add jo mg of quillia saponin (British Drug Houses) to loo rao 


From The Nassau Hospital, Mineola, N Y , ^ dcscfit"*'? 

* This IS a noun, the general use of which has been urged by SchlegeF’, it is emp ^^hich 

Consist,,; Thtsingult*."”® u 


the composition of railway trains Its definition is consist, « ° ^ elements 

something is constituted together with all the relevant spatial arrangements 
Schlegel points out, there is no other word in our language which conve)S quite 
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this gitcs a I in 10,000, or a 1007/2. nil solution of the lysin A senes of dilutions is made from this, so 
that 100 ml \olumes of a senes of solutions of saponin containing too, 80, 60, 50, 40, 30, 15, lo, 15, iz, 
10, S, 6, 4, 3, 2., and 1 7 per i ml arc obtained The solutions are stored in stoppered bottles at tempera- 
ture 4 C , and keep for about a month 

(i) Digitmiiii too ml \olunics of solutions of digitonin (Merck) in i per cent NaCl, and containing 
10, 17 5, 15, 12. 5, II 15, 10, 8 75,7 5, 6 15, 5 0,3 75,2. 5, and i 2.57 peri, ml arc prepared Because of the 
steepness of the digitonin percentage hcmol)sis curie, intermediate concentrations, c g , 8 1x5 y/z ml , 
ma\ be needed, if so, z ml of such a concentration can be made b) mixing i ml of the concentrations 
aboic It and below it in the senes, 1 c , 8 757/2. ml and 7 57/2. ml As the final values for hemolysis arc 
reached within fifteen to thirt) minutes in s) stems containing digitonin, the need for making additional 
observations at such intermediate concentrations can be appreciated soon after the experiment is set up, 
s\ stems containing the intermediate concentrations can then be added if necessat) , and the results can 
still be tcad at the end of 3 hours w ithout an) error has ing been introduced The digitonin solutions keep 
at 4 C for about a month 

(f) NaCl A seties of solutions of hypotonic NaCl is prepared,* starting with a o 5 per cent 

NaCl and descending b\ a common difference of o oz units, 1 e , o 30, o 48, o 46, per cent NaCl, in the 
scale of tonicitj (the tonicitj of a i per cent NaCl corresponds to 1 toniciti unit) The lowest member of 
the scries should be o 14 per cent NaCl These solutions arc stored at 4 C When o 5 ml of a red cell sus- 
pension, with a toniciti of i o, is added to z ml of each member of the senes, we get a new scries for the 
final tonicit} Tj of the mixture, this is 


X = ^^0 ~l~ O 5 

2. 5 

where To is the tonicitj of the member of the first senes The common difference on the new series for the 
final tonicit) is o 016, so that the new senes runs o 60, o 584, o 568, with a lowest member of o 312. 
per cent NaCl or tonicitj units For conicnicnce in differentiating the ex-penmental curves, the members 
of the new scries can be described by integers starting with o 60 = o, so that o 584 = 1,0 568 = z, 
o 312. = 18, as in the subsidiarj scale on the abscissa of the curve marked T m figure 2. 

(//) CtH suspensions The volume concentration p of the red cells m freshly drawn hcpanniad blood is 
found with a high speed hematocrit, and the ceils of i 5 (o 4/p) ml of blood, after being washed three 
times with I p:r cent NaCl, arc finally suspended in z^ ml of NaCl-buffcr at pH 7 o f 

(<■) The hemolytic systems The hemolytic systems, contained in three senes of 100 x 13 mm tubes, arc 
prepared by adding o 5 ml of the ted cell suspension to z ml volumes of the various concentrations of 
saponin, digitonin, and hypotonic NaCl The lysms arc put into the tubes first, and allowed to reach the 
temperature at which the determinations arc to be made, o 5 ml of suspension is then added to each tube, 
with immediate shaking to produce mixing Any desired temperature can be obtamed by using water 


* The NaCl used must be silver-free,'® as most C P preparations now arc It must also be dry Com- 
mercial preparations may contain as much as 10 per cent of water after standing around the laboratory, 
they should be dried for twenty-four hours at izo C before use 

t The NaCl-buffcr is made by mixing 75 ml of i x Gm /loo ml NaCl with xj ml of a mixed buffer 
composed of 72. ml of M/15 NajHPO^ and z8 ml of M/ij NaHoPO^ The depression of freezing pomt of 
this NaCl-buffer is the same as that of i Gm /loo ml NaCl (1 e , its tonicity is i o), and its pH is 7 o at 
X5 C 

The pH of the systems requires to be controlled at a known v aluc because the activ ity of many lysms, 
c g , saponin and the bile salts, has a marked pH dependence It is usual to make measurements of fragility 
in systems containmg unbuffered hjqiotonic NaCl on the grounds that the situation maj be complicated 
bj the addition of the 10ns in the buffer mixtures This is true, but the situation is also liable to be com- 
plicated by uncontrolled variations in pH, especially if the red cell suspension is dilute If the suspension 
IS more concentrated, the effects maj be verj much less,-° but, since a complete investigation of the 
distributions of resistances to simple Ijsins and to hypotonicitj would include measurements of resist- 
ances at a variety of pH s, one maj as well buffer the sj stems from the start 
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baths, butX5 C is a convenient temperature which can easily be maintained to within ±i C forfiichoun 
at a time in the average laboratory room 

The hemolytic systems are mixed, cither by rotary shaking or by inversion, every fifteen minutes, and 
the amount of hemolysis in each is determined at the end of five hours 

z Measurement of Percentage Hemolysis 

To find the percentage of complete hemolysis present m any one of the hemolytic 
systems at the end of five hours at Z5 C , the cells are thrown down by spmmngfora 
few minutes at zooo r p m The supernatant fluid can then be poured off into a dry 
vial without disturbing the cells Two ml of this supernatant fluid is added to 
lo ml of distilled water, and the optical density is measured at a wave length of 
about 4500 A (blue filter) with a Lumetron photometer or with any other photom 
eter of a similar type This measurement is converted into a value for percentage 



0 10 20 30 40 50 60 70 80 90 100 X 

Fig I Diagram to Illustrate the Method of Graphic Differentiation 
For description, sec text 

hemolysis by referring to a calibration curve, prepared by measuring the opti 
densities corresponding to 100, 50, Z5, and iz 5 per cent of complete hemo ys 
the cells contained in the hemolytic systems When measured at 4500 A, t 
density is so related to the concentration of Hb present that percentages ^ 
plete hemolysis are found with about the same degree of accuracy over 
percentage hemolysis range ,a 

A separate calibration curve must be prepared for each suspension 
practice, one uses the pooled contents of several completely hemo yze 
obtaimng the 100 per cent point, and finds the other points by successive 
by powers of z 

3 Plotting and Differentiation of the Curves 

The values of percentage hemolysis P are plotted against the quan j5 

in 7 contained in the system, using the same scales for ordinates a 
those used in figures z, 3, and 4 The choice of the scales is impo 
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termmes the ease and accuracy with which differentiation can be carried out 
Smooth sigmoid curves arc drawn through the experimental points, a possible 
error of about d=z per cent being allowed in the case of each If inspection shows 
that the curve is bimodal or polymodal, the procedure is still to draw the smooth- 
est curve through the experimental points It will be obvious that the more points 



Fiq 1 Normal Fre^dency Distributions of Resistances, Together with Their Integrals (the 

Experimental Curves) 

Ordinates, percentage of complete hemolysis, abscissae, quantity of lysin m system in y except in 
curve T, where the abscissa shows the tonicity in tonicity units Subsidiary scale on abscissa of curve T 
IS that used in differentiating Curve S, results for saponin, curve D, results for digitonin, curve T, results 
for hypotonic NaCl Reduction, xX 

there arc, the more certainly can the course of the curve be determined, and in 
some cases of suspected polymodality it may be necessary to repeat the entire set of 
determinations with the addition of new and strategically placed concentrations of 
the lysin 

The sigmoid curve is now differentiated graphically by using the following 
principle If TT' is the tangent at a point P -with coordinates x and y (fig i), and if 
OA, the parallel through the origin, cuts the ordinate of P at y', the value of 
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dy/dx at the point P is y" = y'/x Proceeding along the sigmoid curve syste 
matically, tangents and their parallels through the origin are drawn with the ail 
of rulers fixed so as to move in parallel, these can be purchased from any dealer in 
draughtsman’s materials The value of y' (read off on the ordinate) at which the 
parallel through the origin cuts the ordinate of the point under consideration is 
noted and is divided by the value for the x-coordinate of the point (read off on the 


p 

-pep cent 



Ordinates, abscissae, etc , as in fig i ^ 

abscissa), the result of the division is a value of y", the ordinate of the 
mg point on the differential curve To change the scale on which jsj 

curve IS plotted, the value of y' can be divided, not by x, but by 
convenient scaling constant, the values s = 10 for saponin, s = i jjstnbef''’'’* 
and s = X for hypotomc NaCl are convenient because the frequency ^ 
are then plotted on such a scale that their shape and variations in H ^ 
appreciated by eye These values have been used in constructing 
curves in figures x, 3, and 4 If s = i were used for saponin, for exam^ apparent 
ferential curve would be so flat that variations in its shape wou no 
on simple inspection 
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This process of differentiation can be carried out quickly and easily, and is all 
done on the same piece of graph paper The number of tangents which require to be 
drawn depends to some extent on the shape of the sigmoid curve, but one should be 
dra-wn at each experimental point for a start The process is completed by drawing a 
smooth curve through the points y" obtained by differentiation In each case, the 
result IS a frequency curve showing the distribution of red cell resistances to the 


V 

•^per ceno 



Fig 4 Frkquenci Distributions and Thbir Integrals Following a Hemolytic Episode 
Ordinates, abscissae, etc , as in fig 1 

lysin, on an abscissa showing the amount of Jysin in the system in y (or the tonicity 
of the system in tonicity units in the case of hypotonic NaCl) 

4 Normae Values 

To explore the range of normal variation, the frequency distributions of re- 
sistances to saponin, digitonin, and hypotomc NaCl have been obtained at X5 C 
for the red cells of rz normal blood donors Table i shows the average, lowest, and 
highest values found for various statistics of the curves The interdecile difference 
between the lowest and highest deciles, Di and Di, has been used as a measure of 
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scatter, and the skewness has been calculated from the deciles Di and Dj and the 
median M, as 

CD2 - M) - (M - DO 
(Do _ M) + (M - DO 

by analogy with Bowley’s measure of skewness The three distribution integrals 
with average values are plotted, together with the distributions obtained from 
them by differentiation, in figure x 

The distribution of resistances to saponin is normally negatively skew, with a 
long tail spreading out towards its upper extreme The resistance distribution to 
digitonin IS usually positively skew, and its scatter is relatively small The normal 


Table i 



A\ crape 

Lowest 

Higlitit 

Saponin 




Median 

i6 5 

11 0 

l 8 5 

Lower extreme 

3 5 

3 0 

4 5 

Upper extreme 

CO 

0 

73 0 

96 0 

Inter-decilc difF 

5^ 5 

44 0 

57 5 

Skewness 

—0 30 

-0 15 

-0 41 

Digitonin 




Median 

9 iO 

9 03 

1 9 43 

Lower extreme 

4 70 

0 

00 

5 35 

Upper extreme 

^3 5 

iJ- 3 

14 9 

Intcr-dealc diff 

4 ’-3 

4 03 

4 50 

Skewness 

0 2.9 

0 05 

0 }6 

Hypotonicity 



0 471 

Median 

0 448 

0 4M 

Lower extreme 

Upper extreme 

0 566 

0 318 

0 584 

0 360 

0 551 

0 }ii- 
0 139 

0 11 

Inter-decilc difF 

0 I3I 

0 103 

Skewness 

0 14 

— 0 06 


distribution of resistances to hypotonic NaCl at pH 7 o is ^ 
although It may have a small skewness in either direction None 0 
distributions shows any great individual variation from the average 
obtained for normal red cells 


5 Discussion, with Examples 

The frequency distributions obtained experimentally vv^ith each tunc 

the distribution of the resistances of the N cells in the general circ atio^ j^ormal m 
the blood is drawn This number is maintained at a constant leve at 

dividual by the addition of new cells at a rate P and by the remova jj.jtructio'’ 

a rate jQ, so that dN/dt = P — Q Changes in the rates of production a^^ 
result in changes in the value of N accompanied by transient changes 
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the resistance distribution, variations in the distribution of the resistances of the 
cell in the population N can, however, be brought about in another way The P 
cells which are added to the population N in each unit of time themselves consti- 
tute a population with resistances distributed according to some form of frequency 
distribution, the same applies to the Q cells which are removed from the popula- 
tion N in unit time, and it can be shown that in the steady state the distribution of 
resistances in the population P is the same as that in the population Q, that the 
form of these distributions determines the form of the distribution in the popula- 
tion N, and that, if the life of the red cell in the circulation depends on its resistance 
to the lysin in question, the P and Q distributions must be more negatively skew 
than the N distribution “ It follows that persistent changes in the form of the 
distribuuon of resistances in the population N arc reflections of persistent changes 
in the form of the distribution of resistances in the populations P and Q, and that 
transient changes in the distribution of rests caaces in the population N are due to 
sudden changes in the rate at which new cells are added to it, or in the form of the 
resistance distribution in the population P Sudden changes in the rate of removal 
of old cells or in the distribution of resistances in the population jg can conceivably 
produce similar transient changes in the population N 

Hemorrhagic or hemolytic episodes supply the clearest instances of transient 
changes in the form of the distribution of resistances to sapomn, digitomn, and 
hypotonic NaCl, as is illustrated by the following two examples 

Example 1 Hemorrhage from duodenal ulcer seven days before Red cells 2. z millions, Hb 3 7 Gm , 
reticulocytes 6 per cent All three resistance distribuaons bimodal Saponin distribuuon has modes at 107 
and 437, digitonin distribution has modes at 9 5-y and 1x7, hypotonic NaCl distribnuon has modes at 
o 5x0 and o 360 tonicity units (fig 3) 

Example 1 Hemolytic anemia accompanying metastatic carcimoma with pylorus as the primary site 
Red cells, i 8 millions, Hb 4 6 Gm , rcuculocytes 13 per cent All distribuuons bimodal Saponin modes, 
107 and 307, digitonin modes, 7 57 and 9 47, hypotonic NaCl modes, o 488 and o 416 tonicity units 

C% 4) 

In these cases, the bimodalitics are presumably due to a new population with its 
own frequency distribution of resistances having been added to the existing one at 
the time of the hemorrhagic or major hemolytic episode The existing data do not 
allow the situation to be analyzed further It would be almost certainly wrong, for 
example, to identify one of the modes as being produced by the reticulocytes in the 
population All that can be said is that at least two distinguishable frequency dis- 
tributions are superimposed 

Illustrations of persistent abnormalities in the form of one or more of the fre- 
quency distributions arc less striking and not so easy to supply Apart from the 
marked change in the distribution to saponin found in pernicious anemia in rc- 
lapsc^® and to lysolecithin found in congenital hemolytic icterus,® the abnor- 
mahties are usually encoimtered during routine determinations of the resistance 
distributions in hypoplastic and toxic anemias, and in the anemias associated with 
leukemia, the various forms of lymphoma, etc The italicized values foimd in the 
following three cases arc outside the normal range of variation as given in Table i 
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Example j Hodgkin s disease Red cells, 3 9 millions, Hb 10 4 Gm Saponin distribution ndim 
r#7, lower extreme, zy, upper extreme, jooy, skewness, — e 60 Digitonin distribution median, Jtj, 
lower extreme, } 1.7, upper extreme, 12 sj Hypotonic NaCI disttibution median 0456, lower ciutitt, 
e 6}6, upper extreme, 0 2^4, interdecilc difference, 0 2}} 

Example 4 Aplastic anemia Red cells, i 9 million, Hb, 5 i Gm Saponin distribution median, ifft 
lower extreme 47, upper extreme, s6y, interdecilc difference, skewness, —035 Digitonm distribi- 
non median, 9 17, skewness 0 4} Hjpotonic NaC! distribution, no abnormaliucs 

Example s Normoc} tic anemia due to chronic infection Red cells, 3 8 millions, Hb, 9 1 Gm Saponia 
distribution median, 5/7, lower extreme, ay, upper extreme, tf/y, skewness, —00} Dismbuuons to 
digitonm and to h)^tonic NaCl substantially normal 

Much more data will have to be accumulated before it is possible to classif) 
these persistent abnormalities in the form of the frequency distributions to lysins 
It IS significant that all those which I have observed have been associated wtfa 
anemia In the meantime the persistent abnormalities can be looked upon as having 
much the same significance that abnormal Pricc-Joncs curves would have, 1 e , as 
showing that the normal red cell population has been partially or wholly replaced 
by populations having different resistance characteristics 

Summary 

A method is described for determining quantitatively the form of the resistance 
distributions of red cell resistances to simple hemolysins The normal range 0 
variation is given for the resistance distributions to saponin, digitomn, and h)'po- 
tonic NaCl, all at pH 7 o, and examples of departures from the normal, which map 
take the form of bimodalities after hemorrhagic or hemolytic episodes or of 
jxrsistent changes in the characteristics of the distributions, are provided 
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THE HEMOGLOBIN OF HEALTHY COLLEGE UNDERGRADUATES AND 
COMPARISONS WITH VARIOUS MEDICAL, SOCIAL, PHYSIOLOGIC 

AND OTHER FACTORS 

By Clark W Heath, M D 

AN UNUSUAL opportunity for obtaining data concerning the blood of healthy 
jL\. young college men has been afforded in the work of the Grant Study and the 
Harvard Fatigue Laboratory The subjects were Harvard undergraduates, selected 
for good health and adjustments * In addition to medical examination and blood 
examination, these men were studied by a variety of technics including physiologic 
tests, anthropologic measurements and psychologic and social surveys The average 
age was 19 years, 7 months, the range 17 years to years Sixty-one per cent were 
born in Northeastern United States The remainder were born elsewhere in the 
United States with the exception of three foreign-born Table i indicates the 
distribution of hemoglobin findings and red blood cell counts in 153-1-59 of these 
young men 


Methods 

Sahh hemoglobin determinations and red blood cell counts vere obtamed on oxalatcd venous 
blood in the course of the physical examination Sahli tubes and solid glass standard were calibrated 
from bloods whose oxygen capacity had been ascertained, converting to grams of hemoglobin by the 
factor o 746 Oxygen capacities were determined by the Van Slyke method in the Fatigue Laboratory on 
heparinized arterial blood, taken as a rule in the fasting state The two determinations were made at 
varying times apart, usually a few days or weeks 

* * 

The means of hemoglobins are only slightly less, as a rule, than those reported 
elsewhere in this country, but higher than those reported from England f The 
wide variation of hemoglobins is worthy of comment In the total series of 
Grant Study participants only one case was omitted in which rather low hemo- 
globin seemed possibly the effect of a chronic infection In other instances of lower 

From the Grant Study, Department of Hygiene, the Fatigue Laboratory, Harvard University, thi 
Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), Boston City Hospita , 
and the Department of Medicine, Harvard Medical School 

* Detailed description and method of selection of the men arc given in reference i 
■J M M Wintrobc,* 86 male medical students. Newcomer Method, Mean 16 o, S D 05 
MacFarlanc and O Bricn,’ 15 medical students and members of hospital staff, Oxygm Capacity 
Method, Mean 159 

E E Osgood,'' 137 medical students, Osgood Method, Mean 13 76, S D i 09 

Andresen and Mugrage,® 36 men of various ages. Van Slyke Method, Mean 16 58, S D o Sr 

C Price-Joncs,® too men (London) of various ages, Haldane Method, Mean 14 55, S D o 54 ^ ^ 

C Pncc'Joncs, Vaughan and Goddard,’ 90 men, various ages, Haldane Method, Mean 14 55 > 
o 6g 

R L Hadcn,® io men ages 18 to 30, Van Slyke Method, Mean 15 83, S D o 76 
P C Foster and Johnson,® 113 male students. Van Slyke Method, Mean 15 6 }, S D o 91- 
C J Hamre and Au,’® 137 university students (Honolulu) (varying racial groups), ci 
and Van Slyke Methods, Mean 15 10, S D i ii 

C F Nelson and Stoker,’' 350 men of various ages. Van Slyke Method, Mean 15 03, 
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hemoglobin levels, although dcternunatioos were repeated, only the first deter- 
mination IS reported here Cases in which the hemoglobin level was at the ex- 
tremes, as 13 5 grams or less, and i6 o grams or more, gave no climcal evidence to 
explain such levels In one young man the initial Sahli hemoglobin was 13 i Gm , 
one week later, 13 4 Gm , six weeks after that, 14 35 Gm , finally, four days after 
the third determination his hemoglobin was 14 6 by the Van Slyke method 
Another subject was observed to have a hemoglobin level of 16 i Gm Two years 
previously, determinations at Thorndike Memorial Laboratory were 15 8 Gm and 
17 X Gm , two weeks apart One month after the Sahli determination at the Grant 


Table i — Dtstrtbutton of Hemoglobin Determinations and Red Blood Cell Counts 


Class Interval 

Hemoglobin b> 
Sahli Test 

Hemoglobin by 

Oi Capacity 

Class Interval 

R B C 

Red Blood Cells 

No Coses 

% 

No Cases 

% 

No Cases 

% 

Gm Ilsb 





mill jeu mm 



IX 6-lX 9 

I 

0 4 

I 

0 7 

4 X0-4 X9 

I 

0 4 

13 0-13 3 

I 

0 4 

I 

0 7 

4 30-4 39 

3 

I X 

13 4-13 7 

8 

3 I 

8 

5 2. 

4 40-4 49 

I 

0 4 

13 8-14 1 

18 

7 0 

10 

6 5 

4 50-4 59 

I 

0 4 

14 L-I4 5 

36 

13 9 

x6 

17 0 

4 60—4 69 

8 

3 2 

14 6-14 9 

2-7 

10 5 

1-5 

16 3 

4 70-4 79 

16 

6 X 

15 0-13 3 

53 

XO I 

^5 

16 3 

4 80-4 89 

2^ 

9 3 

15 4-15 7 

43 

16 7 


17 0 

4 9<^4 99 

37 

24 3 

15 8-16 I 

50 

19 4 

16 

10 5 

3 00-5 09 

71 

2-7 4 

16 J.-16 5 


7 4 

9 

5 9 

5 icr-5 19 

50 

29 3 

16 6-16 9 

1 

0 8 

2. 

I 3 

5 2.0-3 2.9 

32 

IX 0 

17 0-17 3 

0 

0 0 

3 

X 0 

5 3°-5 39 

II 

4 2. 

17 4-17 7 

0 

0 0 

0 

0 Q 

3 40-3 49 

4 

I 5 

17 8-18 1 

0 

0 0 

I 

0 7 

5 50-5 59 

I 

0 4 

Totals 

X58 

99 1 


100 I 


"59 1 

100 I 

Range 

IX 6-16 

8 Gm 

IX 6-17 

8 Gm 


4 2.5-5 

56 Mils 

Mean 

13 19 

Gm 

15 13 

Gm 


4 98 Mils 

St dev 

75 

Gm 

86 Gm 


23 

Mils 

Coeff var 

4 9 % 

3 6% 


i 6% 


Study, the hemoglobin by the Van Slyke method was only 14 6 Gm With due 
consideration for the variations that may take place in the hemoglobin level of an 
individual from day to day, as well as the possible errors in determination,* it 
appears that individual persons have hemoglobin ranges that are native to them 

* Even under carefully standardized condmons, the errors in performing the Sahli test upon the 
same blood sample may be considerable In one series of observations, when the test was repeated by 
the same observer, only 13 per cent of the readings were identical, 77 per cent were within i per cent, 
oro 31 Gm, 95 per cent within 3 per cent, or 0^7 Gm When the test was repeated by different indiiiduals, 
19 per cent of the readings were identical, only 32. per cent were within 7. per cent, or o 31 Gm, only 44 per 
cent within 3 per cent, or o 47 Gm (Figures furnished by G A Daland, Thomdihe Memorial Labora- 
tory ) 
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and that arc compatible with good function of their particular physiology It is 
hardly necessary to detail the wide variation of other measurements in any popula- 
tion, such as height, weight, basal metabolism and pulse rate, variations not neces- 
sarily due to health, nutrition or other environmental influences 
An attempt has been made to search for factors which might correlate with 
higher or lower hemoglobins in these X58 men, selecting from the extensive data 
available in the Grant Study As will be seen, the search was largely unavailing 
Only in the case of sitting pulse rate taken at the time of medical examination and 
blood collection was there a statistically significant relationship with hemoglobin 
level Other factors showed certain trends as will be indicated 
The method of relating hemoglobin level to various factors is illustrated by 
table X The Chi-square (X-) test,'- which compares observed results with those 
expected by chance, was employed Table x shows that there is an excess of indi- 
viduals having lower hemoglobins who have slower pulse rates, and a deficiency 
of individuals with lower hemoglobins having faster pulse rates (The average 


Table x — Comparison of Hemoglobin and Pidse Kate (^Sitting, at time of Medical E'Caminatioit) 



Hemoglobin 

Pulse Rate 

15 1 Gm /lOO cc. or less 

is 2 Gm /lOO cc or more 

Totals 

1 

1 

No 

% 

No i 

1 % 

1 

% 

75 Beats per min or less 

77 

65 8 

64 

50 4 

i 

141 

n 

76 Beats per min or more 

40 

34 3- 1 

1 

1 

49 6 

10 } j 

H 

Totals 1 

1 

117 1 

1 

100 0 1 

1X7 

100 0 

j X44 

I 

100 0 

1 


hemoglobin was 15 09 Gm for those having pulse rates of 75 or less, 15 39 
those having pulse rates of 76 or more ) The Chi-squarc test apphed to this four- 
fold table shows that a relationship of this extent could occur by chance less than 
once in 50 times (P = ox) Arbitrarily, this is taken as a significant relationship 
Comparison of Sahli hemoglobin with the hemoglobin by the Van Slyke metho , 
with red blood cell count, with hematocrit shows much closer relationship than 
this, as would be expected Hemoglobin level compared to each of the various 
factors that follow, however, never reached the probability of one in 50 (P = o V’ 
and rarely one in xo (P = 05) , 

Pulse rates during the physical examination determined in recumbent an 
standing positions also showed a tendency for the slower rates to accompany 
hemoglobin, faster rates higher hemoglobin, but not to the extent of sitting p 
rate and not significant by the described criterion Such tendencies, however, e P 
to confirm the general observation that hemoglobin is often higher in indivi 
with faster pulse rates Since the pulse rate is a somewhat sensitive indicator 
emotional state, it is likely that the hemoglobin in these men has also re ec ^ 
some extent emotional disturbance or excitement toward the examination a 
drawing of blood, and although excitement was not a very marked 
these men, it was quite obvious m some cases Increase of the red bloo 
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hemoglobin in excitement in man and animals has been described, the so-called 
“emotional polycythemia ^ group of the present subjects who have been 
judged by the psychiatrist to have greater than average instability of the autonomic 


Table 3 


Pulse rate 

No subjects 

Basil, compared to Sahli hemoglobin 

178 

Sitting before treadmill run,* compared to Sahli hemoglobin 

IL5 

Standing before treadmill run,* compared to Sahli hemoglobin 

il6 

At start of treatmill run,* compared to Sahli hemoglobin 

165 

Maximum during treadmill run,* compared to Sahli hemoglobin 

171 1 

One minute after treadmill run,* compared to Sahli hemoglobin 

171 

T\\o minutes after treadmill run,* compared to Sahli hemoglobin 

171 

Four minutes after treadmill run,* compared to Sahli hemoglobin 

171- 

Sitting compared to O2 Capacit) 1 

140 

Recumbent compared to O2 Capacit) 

' 80 

Basal compared to O2 Capacit) 

117 

Sitting compared to red blood cells 


Recumbent compared to red blood cells 

^53 

Standing compared to red blood cells 

188 

Sitting compared to hematocrit 

£44 

Recumbent compared to hematoent 

151 


* TrcadiDjU run refers to a standardized work experiment, carried out in the Harvard Fatigue 
Laboratory, a description of tvhich may be found in reference 14 


Table 4 



No subjects 

Systolic B P , recumbent, compared to Sahli hemoglobin 

2-57 

S)stolic BP, recumbent, compared to Oj Capaaty 

84 

Systolic E P , sitting, compared to Sahh hemoglobin 

M 5 

Systohe B P , standing, compared to Sahli hemoglobin 

187 

Diastohc B P , recumbent, compared to Sahh hemoglobin 

2.37 

Diastolic B P , sitang, compared to Sahh hemoglobin 

2^3 

Diastolic B P , standing, compared to Sahh hemoglobin 

297 

Pulse Pressure, recumbent, compared to Sahli hemoglobin 

Systolic B P one minute after treadmill run compared to Sahli hemo 

2.56 

globin 

66 

Systolic B P sitting compared to red blood cells 

2^6 


nervous system functions showed a tendency to have higher hemoglobins (^as well 
as higher pulse rates) than those not so judged On the other hand, no significant 
relationship was seen between hemoglobin level and a medical estimate of general 
reaction to stress or of immediate reaction to venipuncture 

The additional comparisons shown in table 3 were made in the attempt to throw 
further light on the question of the relationships between the blood and pulse rate 
or emotional excitement 
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Table 5 


Socto~(Conomtc factors 

Locaaon of birth compared to Sahli hemoglobin 
Order of birth* compared to Sahli hemoglobin 
Family income compared to Sahli hemoglobin 

Dietary^ and gastro-intesttnal jaaors 

Daily calorics compared to Sahli hemoglobin 

Daily protein in food compared to Sahli hemoglobin 

Daily meat in food compared to Sahli hemoglobin 

Daily fat in food compared to Sahli hemoglobin 

Per cent fat in food compared to Sahli hemoglobin 

Dady carbohydrate in food compared to Sahli hemoglobin 

Daily iron in food compared to Sahli hemoglobin 

Dady calcium in food compared to Sahli hemoglobin 

Dady phosphorus in food compared to Sahli hemoglobin 

Dady glasses of milk compared to Sahli hemoglobin 

Dady Vitamin C in food compared to Sahli hemoglobin 

Dady Vitamin D in food compared to Sahli hemoglobin 

Esumatc of appeute compared to Sahli hemoglobin 

Dady candy consumption compared to Sahli hemoglobin 

Speed of eaung compared to Sahli hemoglobin 

Effect of stress on G I function compared to Sahli hemoglobin 

Hemorrhoidal tabs compared to Sahli hemoglobin 

Frequency of bowel movements compared to Sahli hemoglobin 

Rcgulanty of bowel movements compared to Sahli hemoglobin 


No subjects 


2-3° 

156 

^-55 


^53 

2-53 

^53 

153 

’■53 

’■53 

153 

’■53 

133 

153 

’■53 

’53 

’33 

’45 

i8l 

’ 5 ° 

’34 

’ 3 ’ 

’ 4 ’ 


Fhystologtc and other factors 

Duration of treadmdl run compared to Sahli hemoglobin 
Lacnc acid after run compared to Sahli hemoglobin 
Recovery Index (treadmdl) compared to Sahli hemoglobin 
Basal metabolism compared to Sahh hemoglobin 
Basal metabohsm compared to Oj Capacity 
Mouth temperature compared to Sahli hemoglobin 
Respiratory rate (medical exam ) compared to Sabli hemoglobin 
Respiratory rate (basal) compared to Sahli hemoglobin 
Tidal air compared to Sahli hemoglobin 
Blood groups compared to Sahli hemoglobin 
Blood groups compared to Oj Capaaty 
Frequency of past illnesses compared to Sahh hemoglobin 
Number of dental filhngs compared to Sahh hemoglobin 
Dental occlusion compared to Sahh hemoglobin 
Dental eruptions (maturation) compared to Sahli hemoglobin 
Integration of personality compared to Sahh hemoglobin 
Bland versus vital pcrsonahtics compared to Sahli hemoglobin 
Mood swings trait compared to Sahli hemoglobin 
Soundness of personality compared to Sahli hemoglobin 
Date of blood examination compared to Sahh hemoglobin 


176 

84 

171 

17’ 

68 


130 

’58 

zox 

io6 

xoo 

114 

’34 

’ 3 ’ 

’43 

’43 

186 


97 

’59 

’45 

’57 
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Tabue 5 — Contmutd 



No subjects 

Body-butld faetors 


Haght compared to Sahli hemoglobin 

J -53 

Weight compared to Sahh hemoglobin 

2-53 

Height/-^weight compared to Sahh hemoglobin 

l^Z 

Surface Area compared to SahJi hemogJobin 

2-53 

Head circumference compared to Sahh hemoglobin 

2.51 

Chest arcamference compared to Sahh hemoglobia 

‘ 2.51 

Head arc /Chest arc compared to Sahh hemoglobin 

1 2.52. 

Umbifical circ /Chest arc compared to Sahli hemoglobin 

' Z04 

fPyknic component compared to Sahh hemoglobin 

2.53 

Somatic component compared to Sahh hemoglobin 

2.53 

Lepac component compared to Sahh hemoglobin 

2-53 

Predominance of somatotjpc compared to Sahh hemoglobin 

27$ 

fMascuhne component compared to Sahh hemoglobin 

2-53 

fMasculine component compared to Oj Capaaty 

252- 

JMascuhne component compared to hematocrit 

2-52- 

fMascuhne component compared to red blood cells 

2-54 

fPosture compared to Sahh hemoglobin 

2-13 


* Order of birth was divided into (i) only child or first-born, (i) second-born, (3) third-born or 
later in rank of birch 

t Dietar) information was obtained from diet history of servings consumed and weighed average 
servings in the dormitory (See reference i, page 118 ) 

t There w as a tendency, not sigmficant, for the more pykmc (1 c greater fatness and roundness 
and the less masculine body-builds to have somewhat higher blood levels 

None of these comparisons showed a significant relationship according to the 
Chi-square test The tendency was, however, for faster pulse rates to be associated 
with higher blood levels, in all instances but the two when recumbent and standing 
pulse rates were compared to red blood cell count The consistency of these trends 
confirms the impression that higher blood levels tend to be found among indi- 
viduals with faster pulse rates It is possible, of course, that under the conditions 
of these observations, a type of emotional response in some individuals may result 
in lower blood levels with elevated pulse rates It is worth noting that the trends 
became less significant as the effect of exercise on the pulse came into evidence No 
relationship between work performance and hemoglobin could be established 
Comparisons with blood pressure were made as shown in table 4 Although no 
significance could be attached to the findings, the trends were consistent enough to 
suggest the predominance of lower hemoglobin levels in individuals having 
higher systolic blood pressures, and higher hemoglobin levels in those with higher 
diastolic pressures 

The comparisons given in tabic 5 were made in order to explore the possible rela- 
tionships between socio-economic, dietary, physiologic, medical and body-build 
factors with blood levels None of the comparisons showed significant relation- 
ships and no conclusions can be drawn other than that the hemoglobin level seems 
to be independent of these factors in healthy college men 
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Comment 

Such negative findings in a relatively homogeneous group of young men should 
not be unexpected They do not necessarily mean that relationships of hemoglobin 
with various environmental factors such as nutrition and disease incidence would 
not be present in larger population studies Certainly, there have been shown to be 
distinct ranges of hemoglobin at different ages, in the two sexes, and in certain 
geographic areas where there are different nutritional influences The relatively 
large range of hemoglobins in healthy young men remains unexplained by tbc 
present study Emotional factors may be a partial explanation but future study will 
have to show the relative place of this and other factors 

Summary 

I The distribution of hemoglobins (obtained by the Sahli method on venous 
blood and by the Oo capacity method of Van Slyke) and the red blood cell counts of 
153 to L59 college men, selected for participation in the Grant Study, are reported 
2. There is a statistically significant relationship between the hemoglobin and 
the pulse rate (those subjects having higher pulse rates tending to have higher 
hemoglobins) This relationship is apparently associated with emotional factors 
3 ])Jo significant relationship could be established between hemoglobin level 
and a variety of other factors, including socio-economic, dietary, physiologic, 
medioai, body-build and others 
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STUDIES OF THE STAPHYLOCOAGULASE REACTION NATURE 
AND PROPERTIES OF A PLASMA ACTIVATOR 
AND INHIBITOR 

Bj Melvin H Kaplan, P S., anb Wesley W Spink, M D 

S INCE Lceb’s^ observation in 1903 that certain strains of staphylococci pos- 
sessed the propertj^ of clotting oxalated plasma, considerable study has been 
devoted to the mechanism of the staphylocoagulase reaction and to its possi- 
ble role in staphylococcal infections The ability to clot oxalated plasma has been 
found to be a property generally associated with pathogenic strains of staphylo- 
cocci, however, the relationship between clotting activity and pathogenicity has 
not been clearly understood Studies of the mechanism of the clotting action of sta- 
phylocoagulase have yielded several conflicting hypotheses 

Gengou^ and Vanbreuseghem* noted that the dots produced from plasma by 
staphylococci underwent dissolution Purified fibrinogen preparations were not 
clotted but underwent lysis without clot formation In view of these observations, 
both authors agreed that the coagulant activity of staphylococci could be attrib- 
uted to a fibrinolysin, whose action resulted in clotting only in the presence of a 
suitable plasma inhibitor Gratia'* proposed the term coagulase for the clotting 
agent elaborated by staphylococci and reported that the participation of prosero- 
zyme (prothrombin) or cytozyme (thromboplastin) was not necessary for the 
action of coagulase, plasma freed of these substances by adsorption methods 
remained clottable He also noted that purified fibrinogen could not be clotted 
by staphylococci, but dotting occurred readily when a small amount of a plasma 
preparation was added, which had been freed of its content of fibrinogen, proscro- 
zyme, and cytozyme Gratia concluded that the cloning activity of staphylococci 
was due to the elaboration of coagulase, but for the elaboration of this agent a 
nutrient factor was required which was not present in purified fibrinogen prepara- 
tions, but was present in plasma However, in opposition to these reports, Cruidc- 
shank® and Walston® both reported that coagulase acted on fibrinogen directly, 
and was therefore similar in its action to thrombin In the most recent studies. 
Smith and Hale' confirmed the earlier reports and showed that fibrinogen was 
not clotted by ccll-ffce coagulase unless there were added small amounts of human 
or rabbit plasma, scrum, or testicular extract The accessory clotting factor present 
in the plasma and testicular extract was not identical with cither prothrombin or 
thrombokinase The authors proposed that the function of this factor was to 
convert staphylocoagulase into an active thrombin-like substance and thc> there- 
fore termed it activator It was also suggested that the relative insusceptibilit} of 
the plasmas of certain animal species to the clotting action of coagulase could he 
attributed to a deficicncj of activator in these plasmas 

From the Dcpirtmcnt of Internal Medicine, Uni\crMr\ of Minnesota Hospitals and Medical S-hcval, 
Minncaptilii 

Aided b\ a grant from Sharp and Dohme, Inc 

Dr Robert Pennell and Dr tV F \ cn\c\ of the Medical Rc'^arch Dni'-un, Sharp and Dj’ir’e, p'e 
pared tnd ';upplied <e\cral preparations u<cd in the<c studies 
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The occurrence in the serum of a factor which participated in the coagulasc 
reaction was also observed in this laboratory, confirming the report of Smith and 
Hale ^ This factor has been extracted from human plasma, and its nature and 
properties examined in an attempt to elucidate further its role in the clotting 
mechanism In addition, it has also been observed that an inhibitor for coagulasc 
could be obtained from normal human plasma and from the plasma of certain 
species of animals This inhibitor appeared to play a significant role in determining 
the susceptibility of these plasmas to the action of coagulasc In the present report, 
the properties and action of the activator and inhibitor for coagulasc are described 


Materials and Methods 

I Staphylocoagulaje The source of coagulasc throughout this study were viable cultures of coagulasc 
positive strains of staphylococci which had been grown in trj'ptosc-phosphatc broth for 48 hours 

X F:britiogtn The fibrinogen preparation* employed was a dried product sshich had been prccipitatec 
repeatedly from pooled normal human plasma by the method of alcoholic fractionation * A. 1. pet ccni 
solution of the dried powder was used 

3 Thrombin The preparation was a i 10 dilution of a commercial product derived from rabbit blood f 
‘4 Plasma defibnnattd by heating Oxalatcd or citrated plasma was heated to 56 C , kept at this temper 
aturc for three minutes, and then immediately cooled in running water The flocculated fibrinogen vrts 
removed by centrifuging The dcfibrinatcd plasma thus obtained possessed no thrombic activit) for 
fibrinogen 

5 Plasma ceagulase test Two tenths ml of a forty-eight hour culture of a given stram of staphylo- 
coccus was added to o 5 ml of citrated or oxalatcd plasma, and the tube placed in a water bath at temper 
aturc 37 C Periodic observations were made to note the time and degree of clotting A test ^ 
sidcrcd positive only if a cohesive clot was formed within nventy-four hours, while a test was const 
negative if no clot was formed after incubation for twenty four hours 


Experimental 

I participation of a plasma factor in the staphylocoagulase reaction 
Fresh human plasma has been generally employed as a substrate for use m the 
routine staphylocoagulase test Because of the availability, however, 0 su 
products as frozen plasma, dried plasma, and dried fibrinogen, it was of interest 
determine whether these materials could be substituted for fresh plasma inthc^^ 
Accordingly, a series of pathogenic strains of staphylococci were teste ^ 
these substrates as well as with fresh human plasma Using fifteen different stt^^ 
as a source of coagulase, it was found that the substitute substrates were muc ^ 
susceptible to coagulation than the fresh plasma As shown in table 
fifteen strains which were coagulase-positive when tested with fresh 
plasma, only seven clotted plasma which had been rethawed from the frozen s a j 
three clotted reconstituted dried plasma, and none clotted solutions of iyop 
fibrinogen even after incubating for a period of twenty-four hours 
those instances in which clotting of the frozen or dried samples of plasma ^ 
the clotting time was prolonged, ranging from twelve to twenty-four 
contrasted with one to two hours for samples of fresh plasma The 
toriness of these three substrates to clotting by coagulasc could not be at ^ 
to a deficiency of clottable fibrinogen since all three substrates were * ^putes 
by such agents as thrombin, snake venom, and papain within two to eig 

* The fibrinogen preparation was kindly supplied by Sharp and Dohme, Inc 
t Hemostatic Globulin, Lcdcrle Laboratories, Inc 
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A possible explanation for the apparent resistance of these samples of fibrinogen 
and plasma to clotting was that they were deficient in some clotting factor present 
in fresh plasma Prothrombin was excluded as this factor since the Quick® pro- 
thrombin levels of both the frozen and dried plasma were practically the same as 
that of fresh plasma, i e , ix 8, ix 3, and ix 5 seconds respectively Tests for an 
accessory clotting factor were therefore carried out with fresh human serum As a 
test substrate, o x ml of fresh human serum was mixed with o 5 ml of fibrinogen, 
and susceptibility to clotting determined by addition of o x ml of a staphylococcus 
culture It was at once apparent that the addition of serum rendered the fibrinogen 
readily clottable by coagulase Further, the clotting which resulted was not due to 
the presence of thrombin in the serum, since interference by thrombin could be 
excluded by suitable dilution of the serum or by destroying its thrombic activity 


Table i — Comparattvt susctpttbthty of fresh plasma, frozen plasma, eined plasma, and dreed fibrsnogen 
to clotting by if strains of pathogenic staphylococci 


No 

Strain of Staphylococcus 

CoaglUasc Test 

Fresh Plasma 

Froren* Plasma 

Dried Plasma 

Dncd Fibnn 
ogen 

I 

Wro 

+ 

+ 

+ 


1 

May 

+ 

— 

— 

— 

} 

St A 

-b 

-h 

— 

— 

4 

Lin 

+ 

— 

— 

— 

5 

Ver 

-1- 

+ 

1 

_ 

6 

Sha 

+ 

— 

— 

— 

7 

Sch ] 

+ 

+ 

+ 

— 

8 

Lon 

+ 

+ 


1 — 

9 

Slo 

+ 

- 

- 

— 

10 

Ter 


— 

— 

— 

II 

Cos 

+ 

- 

- 

— 

IZ 

Edc 

+ 

- 

— 

— 

13 

Pew 

+ 

+ 

— 

— 

14 

Rut 

+ 

— 

— 

— 

15 

Ncl 

+ 

+ 

— 

— 


* This plasma was stored in the frozen state for two ) cars before thawing 


by heating at 60 C for thirty minutes These procedures still permitted the activ- 
ity of the accessory coagulase factor to be readily demonstrated 

The most satisfactory source of this accessory factor was plasma from which the 
fibrinogen was removed either by heating to 56 C for three minutes, or by precipi- 
tation at one-fourth saturation with ammonium sulfate These preparations had 
the advantage that they possessed no thrombic activitj As shown in table x, 
when o X ml of such a defibrinatcd sample of plasma was added to fibrinogen, 
clotting occurred almost as readily as with the fresh plasma Fibrinogen to \\hich 
no defibrinatcd plasma had been added was not clotted b} anj of these strains 
This failure to clot could not be attributed simpl} to the destruction of the fibrino- 
gen by the fibrinol)tic action of the staph) lococci, as had been suggested b) 
Gengou ® Indeed, of the fite strains included m table x, onh tvo were found to 
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have destroyed the fibrinogen at the end of twenty-four hours as was indicated by 
the fact that the addition of thrombin did not result in a clot The other three 
strains apparently exerted no appreciable fibrinolytic effect in the twenty-four 
hour period, since fibrin clots were obtained following the addition of thrombin 
Similar results have been obtained with a larger series of tests and it was therefore 
concluded that the failure of preparations of fibrinogen to be clotted by coagulase 
was not due to the action of a fibnnolysm but rather to the deficiency of an ac 
cessory clotting factor 

This clotting factor, as it has been previously pointed out, has been termed an 
activator of coagulase by Smith and Hale’ In the present state of knowledge, 


Table x — Tht effnt of aihhtton of tkfibrmtittil plasma* on the clotting of fshTtnogen bjcoapulast 


Sfram of Staph aureus 

Substrate Mixture 

Plasma 

I ibrinoRcn 

Difibnnatcd 

Plasma 

Saline 


ml 

ml 

mi 

Pit 

Sch 

0 5 



0 3 

Sch 


° 5 


0 3 

Sch 


0 5 

0 3 


Rut 

0 5 



0 3 

Rut 


0 5 


0 3 

Rut 


0 5 

0 3 


Bur 

0 5 



0 3 

Bur 


0 5 


0 3 

Bur 


0 5 

0 3 


Ter 

0 5 



0 3 

Ter 


0 5 


0 3 

Ter 


0 5 

0 3 


Lou 

0 5 



0 3 

Lou 


0 5 


0 3 

Lou 


0 5 

0 3 



Clotting time 


hr 

>M 

1 

I 

>^ (0 
I 
I 

>14 CnO 
1 
I 

>M (c) 

Z 

I 

>14 (nc) 


The dcnbnnatcd plasma as prepared by heating normal human plasma at 50 
t Cc) represents clot formation on addition of thrombin and Cnc) represents no clot 
addition of thrombin 

such a function should be regarded as highly hypothetical, however, for purpo 
of uniformity the term activator has been retained in the present report 

X TESTS OF PLASMA FRACTIONS FOR ACTIVATOR CONTENT 

In order to determine which of the plasma protein fractions contain 
activator, human citrated plasma was fractionated into five ^ £qj. its 

creasing saturation with ammonium sulfate, and each fraction j. cent 

content of activator Precipitates were obtained at 2 .^, 40, 60, 80, and 100 p ^ 
saturation with ammonium sulfate Each precipitate was washed ^ 

propnate concentration of ammonium sulfate, and redissolved in dis^ti^ ^jajyzed 
to a volume one-half that of the original plasma The solutions were t 
against physiological saline solution in the cold for eighteen to twenty 

The method of titrauon for activator tvas as follows Serial dilutions j ml 

solution were made with each fraction in o 5 ml volumes To each dilution was a 



MELVIN H KAPLAN AND WESLEY W SPINK 


577 


eight hour broth culture of a standard strain of staphylococcus (Bur ), and incubation earned out fo*" 
one hour in a w ater bath at 37 C To each tube tvas added o 5 ml of fibrinogen soluuon, the tubes shaken' 
and incubation earned out for four hours The titer of activator in the sample was taken as the highest 
dilution which yielded a solid cohesive matty clot 

As shown in cable 3, the activator was concentrated essentially in the fraction 
obtained between 80 and 100 per cent saturation, while the fraction between 60 and 
80 per cent saturation possessed smaller amounts of activity Activator thus ap- 
peared to be associated with the crude albumin fraction of the plasma 

A more precise characterization of the nature of activator was made possible by 
testing human plasma fractions prepared by alcoholic fractionation * It has been 
shown by Cohn and collaborators ® that the plasma proteins may be separated into 
five fractions on the basis of their differential solubility in ethanol-water mixtures 
at low temperatures and at varying pH and ionic strength These five fractions, 
I,n -{- ni, IV-i, n^-4, and V, as well as a sample of crystalline serum albumin, were 


Table 3 — Activator titer of human plasma fractions prepared by ammonium sulfate precipitation 


No 

Plasma Fractions 

Titer* of Activator 

I i 

Z5% sac (NHj)jSO< 

0 

X 

15-40% (NH 4 ) 2 S 04 

0 

3 

40“6o9o 

0 

4 

60-80% (NH^^iSO^ 

4 

5 

80-100% (NHi^jSO^ 

16 


* Highest diluaon of the test substance which when mi\cd tvith fibrinogen permitted dotting 
by coagulase in four hours 


titrated for their relative content of activator The solutions in each case were 
made up to contain zoo mg of the dried fraction in 10 o ml of Vy M phosphate 
buffered saline, pH 7 4 

As shown in table 4, activator was found to a significant extent only in fractions 
IV-4 and V The greater amount of activity appeared in fraction IV-4, which is 
made up chiefly of alpha and beta globulins Fraction V, which is essentially 
albumin, contained a somewhat smaller amount of activator, while crystalline 
albumin was without activity 

From the above findings, it appeared that act vator is probabl) not an albumin 
although It IS precipitated with this protein fraction by ammonium sulfatOi In 
plasma fractions obtained by alcoholic fractionation, activator appeared ro be 
associated with the alpha and beta globulins 

3 PREPARATION OF DRIED ACTIVATOR MATERIAL FROM CITRATED IIUMAV PLASMA 

The activator preparations used in the subsequent studies were prepared from 
the fraction of plasma precipitated benseen 60 and 100 per cent saturation with 

* Thc<^: fractions were supplied bi Dr E J Cohn and his associates The materials 1 c'c made p)s‘ib!e 
through contracts between Hanard Unnersin and the Office of Scientific Research ard Developm-rt 
and the plasma was obtained through the American Red Cross and mo'e recentls th^oagb the Ma sa 
chusctts Cisilian Blood Donor Program 
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ammonium sulfate To i volume of fresh citrated human plasma was added slowly 
with continuous stirring i 5 volumes of saturated ammonium sulfate, and the 
mixture allowed to stand for four hours at temperature 4C This precipitate ob- 
tained at 60 per cent saturation was removed by filtration in the cold and discarded 
To the supernate, solid ammonium sulfate was added to saturation, and the mixture 
was usually allowed to stand overnight in the refrigerator before filtering The 
fraction thus obtained between 60 and 100 per cent saturation was dissolved in a 
small amount of distilled water and dialyzed against physiological saline solution 
for eighteen hours m the cold The resulting solution was then dried from the 
frozen state by the lyophile process and the resulting light yellow powder used 


Table 4 — Activator ttttr of human plasma fractions obtained by alcoholic fractionation 


No 

Alcoholic Fraction 

Titer* of Actuator 

I ! 

1 

0 

a. 

1 II + HI 

0 

3 i 

IV-i 

0 

4 j 

lV-4 

8 

5 1 

V 

1 

6 1 

Crjstallinc albumin 

0 


* Highest dilution «hich when mixed with fibnnogen solution permuted clotnng b) coagul*** 
to four hours 



Table 5 — Tbermolability of Actuator 

- 


Temperatures at w hich preparations were 
exposed for 30 mm 

Titer of Activator 

No 

Defibnnated Plasma 


1 

Control (not heated) 

8 

8 

8 

a 

35 C 

8 

3 

65 C 

8 

4 

4 

75 C 

8 

i. 

X 

5 

icxj C 

4 

0 

6 

Boiling 

0 



Without further purification It was found to be completely stable 
month when stored in the cold Solutions of activator employed in ^ 
study were usually made up in a concentration of zoo mg of dried prepara 
10 ml of distilled water 


4 PROPERTIES OF ACTIVATOR 

A rhemolabdfty Smith and Hale’ found the activator present in 
xrracts to be completely inactivated after heating at 56 C or ifi-om 

:ch tUolabihty, however, has not been observed with 
uraan plasma Heat sensitivity tests, using both defibnna p 
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monium sulfate fractions as a source of this material, have indicated no apparent 
inactivation following exposure to 56 C for thirty minutes Indeed, as shown in 
table 5, complete inactivation of dcfibrinated plasma did not occur even after 
heating at 100 C for thirty minutes, although there was some loss of activity 
Strong boiling for thirty minutes caused complete destruction 

B Stabthty at various pH Solutions of activator were markedly stable within a 
wide range of acid and alkaline pH The effect of pH variation was determined by 
mixing given amounts of activator with a series of buffers from pH l o to 10 o and 
then permitting these mixtures to stand for four hours at room temperature before 
ncutrahzing The mixtures thus treated showed no measurable loss of activator 
titer 

C Inactivation by pepsin and nitrous acid Since activator was stable at acid pH, 
It was possible to determine whether it could be destroyed by the proteolytic 
action of pepsin Accordingly, i o ml of activator solution was adjusted to pH 
3 o, and incubated with i o ml of a o 05 per cent solution of pepsin (Merck) for 


Table 6 — The tnacltvalton of acttvaior by treatmont with f-r) fepstn and 

nitrous acid 


Eipt No 

Reaction Mixture 

Activator Titer 

1 

(a) Aenvator pepsin 

0 


(b) Acuvator -j- sabne control 

8 

1 

(a) Activator -J- nitrous aad 

0 


(b) Acuvator -|- saline control 

4 


thirty minutes at 37 C At the end of this period, pepsin action was stopped by 
neutrahzing the mixture with ^ M phosphate buffer, pH 7 5 The resulting mixture 
was then titrated for its activator content As shown in table 6, activity of acti- 
vator was completely lost by this treatment, while control samples, in which 
saline solution was substituted for pepsin and which were subjected to the same 
temperature and pH, remained fully active 

Treatment of activator solutions with nitrous acid also resulted in rapid in- 
activation On addition of dilute sodium nitrite solution to activator preparation 
at pH 3 o, complete inactivation was observed within fifteen minutes (table 6) 
Since the action of nitrous acid within this period is pnmaril) directed against 
alpha-amino groups, it would appear that the action of activator is dependent 
upon the integrity of alpha-amino groups in the molecule 

The data obtained would indicate that activator is a relativel} stable protein 
constituent of the plasma It is precipitated between 60 and 100 per cent saturation 
with sulfate, but in alcoholic fractions it is associated more closeh svith the alpha 
and beta globulins It is nondiahzable, is not readih destroied bi heating bclois 
loo C , and is entirely stable benveen pH 2. o to 10 o Its actisiti is complctcK 
destroyed b) nitrous acid or by the proteoh tic action of pepsin 
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5 PRESENCE IN NORMAL HUMAN PLASMA OF A SUBSTANCE INHIBITING 

the coagulase reaction 

It was noted that when some samples of human defibrinated plasma were era 
ployed as a source of activator, clot formation occurred much more rapidly when 
the samples were diluted This same accelerating effect was observed also on dilut 
mg some activator preparations One given activator preparation, for example, 
when mixed with fibrinogen and coagulase, permitted clotting to occur m eight 
hours, but when this same preparation was diluted 16-fold, clotting occurred in 
two hours This observation suggested the presence in these activator preparations 
of an inhibitor which interfered with clot formation, and that the action of the 
inhibitor could be suppressed by suitable dilution It was noted, however, that 
the inhibitory effect did not occur with all preparations of activator 
On fractionation of human oxalated plasma by means of ammonium sulfate, the 
inhibitor was found to be present m the globulin fraction obtained at half-satu- 
ration The inhibitory action of such a globulin preparation is demonstrated in the 
following experiment One-tenth ml of a 4 times concentrated human globulin 
preparation was added to a mixture containing o 5 ml of activator solution, 0 5 
ml of coagulase and o 5 ml of fibrinogen, and the clotting time noted The result 


Table 7 — hihtbttor) ejjtct of a flasma globtiltn factor on tht coagulase rraetton 


Globulin 

Actoator 

Coagulase 

Saline 

j Clotting Time 

ml j 

ml 

mf 

ml 

i Arj 

0 I 

0 5 

0 5 

0 

1 

0 

0 5 ^ 

05 

0 I 

/ 

1 2. 


L 

was compared with a control test, in which o i ml of saline solution was su 
stituted for the o i ml of test preparation As shown in table 7, the mixture co^ 
taming the plasma globulin preparation was not clotted even after twenty 
hours, while a clot appeared m the control tube in two hours The coag 
reaction was thus entirely inhibited by the globulin preparation 


In order to compare quantitatively the content of inhibitor in different plasma fractions, 


t method was 


devised for determining inhibitory titer The inhibitory titer of a given sample was 0 5 

Serial dilutions of the test sample were made in sahne solution in o 5 ml volumes To 
ml of acuvator solution and o 3 ml of coagulase was added, and these mixtures were then 1 
sixt} minutes Finally, o 5 ml of fibrinogen was added, and the tubes incubated for 
highest diluuon of the test sample prevenung clotung completely at the end of this four our 
taken as the inhibitory uter 


Table 8 demonstrates that practically ail of the inhibitor -jurjth 

plasma is associated with the fraction obtained at X5 to 40 per cent dis- 

ammomum sulfate When such globulin preparations were dtalyze ag 

* The greater susceptibility to clotting of plasma which is diluted also led j 10 

the recognition of an mhibitor in the plasma which they ha\x independently cscri 
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tilled water, the inhibitor was found to be associated with the insoluble 
euglobuhn fraction, while the pseudoglobuhn fraction contained little or no 
inhibitory action 

It appeared possible that the presence of this globulin inhibitor in high con- 
centration might be in part responsible for the resistance to the action of coagulase 
observed in some human plasmas, ® and in the plasmas of certain species, such as the 
gmnea pig,^ mouse, and fowl ^ Smith and Hale^ stated that the resistance of these 
plasmas might be explained by their deficiency of activator The participation of 
an inhibitor was not recogmzed 

In order to determine the relationship of the inhibitor to coagulase susceptibility, 
tests were carried out for the presence of inhibitor in both susceptible and re- 
sistant plasmas Human and rabbit blood was used as a source of susceptible 
plasma, while the resistant plasma was obtained from the guinea pig Previous 
studies have indicated that, of these three species, rabbit plasma is the most sus- 
ceptible Guinea pig plasma is unusual in that it is not clotted at 37 C , but is 
clotted slowly at X5 C ^ ^ 


Tabi*e 8 — Titer of inhibitor tn human flasma fractions 


1 

Plasma Fraction Tested 

1 

I 

2 

lilution c 

4 

>f Fractic 

S 

in 

16 

32 

I 

15-£o% sat CNH4 )jS04 

0 

0 


0 

+ 

+ 

X 

13-40% sat (NH4 )jS04 

0 

0 

0 

0 

-b 

-b 

3 

40-60% sat (NH4)2S04 

+ 

-b 

+ 

+ 

+ 

i + 

4 

60-100% sat (NH4)2S04 

-b 

+ 

+ 

-b 

+ 

+ 

5 

Pseudoglobuhn 

+ 

-b 

+ 

-b 

+ 

-b 

6 

Euglobulin 

0 

0 

0 

0 

-b 

+ 


-f- = dot formed, o = no doc formed 


The susceptibility of each plasma was tested by the routine coagulase test both 
at 37 C and at zo C It was found that at 37 C the clotting of human and rabbit 
plasmas occurred in thirty minutes, while clotting of guinea pig plasma occurred 
in sixty minutes Ac zo C , the human and rabbit plasmas were clotted in t\%o 
hours, while guinea pig plasma was clotted in eight hours 
Thus, in this study, the effect of temperature was precisely the reverse of that 
previously reported Guinea pig plasma was definitely clotted be the strain of 
staphylococcus employed, and the clotting occurred more rapidli at 37 C How- 
ever, this plasma w^as still less susceptible than the plasmas of the other two species 
The inhibitor content of each plasma wms determined b> testing the extracted 
globulin fraction, since it was desired to avoid am possible interference rtsultinq 
from the presence of activator in the w^hole plasma Each sample was first dc- 
fibrmated at 56 C , and the globulin precipitate then separated from the resulting 
sample bv half-saturation with ammonium sulfate The precipitate was remoseJ 
h^ filtration and was dissolved in distilled water, and the aolumc hroucht up to 
that of the plasma ongmalh used Each preparation was then titc''cJ fo'' its in- 
hibitor content 
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As shown in table 9, the rabbit preparation contained no inhibitor by the method 
employed, while both the human and guinea pig globulin preparations possessed 
a titer of 8 The absence of inhibitor in the rabbit was interesting in view of the 
marked susceptibility of the plasma of this species, however, an inverse relation 
ship between inhibitor level and susceptibility did not seem to be genetal as was 
indicated by the similar levels of inhibitor in human and guinea pig plasmas 

Since susceptibility must depend also on the presence of activator in the plasmas, 
the plasma of each of these three species was next analyzed for their content of 
activator Titrations were performed both on defibrinated samples and on the 
albumin fractions separated between 60 and 100 per cent saturation Each albumin 
precipitate was dissolved in distilled water and brought up to the original plasma 
volume, so that the concentration of activator was presumably the same as that m 
the plasma 

As shown in table 9, the activator titer of the guinea pig plasma was significant!) 
lower than either the human or rabbit plasma Thus, the relative titers of activatoi 
and inhibitor in the plasmas of these species appeared to explam their degree ol 
susceptibility to the action of coagulase Rabbit plasma which was most susceptible 


Table 9 — The levels of inhibitor and activator in human, rabbit, and guinea pig plasmas 


Plasma of Species Tested 

1 

Inhibitor Titer of Globulm 
Fraction 

Activator Titer of Defi 
bnnnted PJasma 

Activator Titcr of Altwinun 

Fraction 

Human 

8 

8 

8 

Rabbit 

0 

16 

8 

Guinea Pig 

8 

4 



contained a high level of activator and no inhibitor, while gmnea pig plasma 
which was less susceptible than that of the rabbit contained less activator an s 
more elevated level of inhibitor The susceptibility of the human plasma, 
also contamed an elevated level of inhibitor may perhaps be explained by t ' 
high level of activator which it possessed 

The action of the inhibitor did not seem to be specifically exerted on actjvato^^ 
This conclusion followed from the repeated observations that plasma 
could be readily separated into inhibitor-containing and 
fractions, the activities of which were entirely independent of each other ^ 
as shown in table 9, the separation of activator from defibrinated 
result in an increase in the titer of activator, as might be cxpcctc , ^ 

were freed from an inhibitor The evidence, therefore, suggests that * 
does not combine with activator, but acts on some other factor in t c 
reaction, presumably coagulase 


Discussion 

The present report has confirmed previous observations in not 

faction involves the participation of a plasma ^ r jong periods 

ecn described Dried plasma and plasma stored in the frozen s 
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are not readily clotted by coagulase since they contain reduced amounts of this 
reactive factor The present studies have demonstrated that this plasma factor is a 
protein which is precipitated with the crude albumin fraction by means of am- 
monium sulfate, but it appears to be more closely associated with the alpha and 
beta globulins in alcoholic fractions 

Smith and Hale" have proposed that the clotting factor in plasma and testicular 
extracts is an activator of coagulase The reaction is held analogous to the acti- 
vation of thrombin by thrombokinase plus calcium 10ns In this regard, the present 
observation that activator is a protein of considerable stability is not inconsistent 
with the possibility that it possesses an activating function analogous in some 
respects to thrombokinase ® However, it is equally probable that activator is the 
substrate, and that coagulase is the activator Indeed, it is also entirely possible 
that no activation occurs but that an interaction of a different nature between 
coagulase, plasma factor, and fibrinogen is involved which is responsible for the 
precipitation of fibrin A study of the chemical kinetics of the reaction is highl) 
desirable, but must await the purification and concentration of these three 
reactants 

In the course of these studies, it was noted that a globulm could be separated 
from human plasma which inhibited the staphylocoagulase reaction The in- 
hibitor was also found in the normal plasma of the guinea pig but was absent in 
rabbit plasma Previous studies® have reported that some human plasmas 
appear to be resistant to the action of coagulase, and have suggested that such 
resistance may be attributed to the presence of a specific antibody to coagulase 
The recent report of Lominski and Roberts’® has also favored the antibody hy- 
pothesis These authors observed that the inhibitor was a globulin, that it was 
heat-stable, and that it combined specifically with coagulase They concluded that 
these findings could only be consistent with an antibody hypothesis In opposition 
to this hypothesis, however, are the reports® ^ that attempts to immunize animals 
With coagulase or to demonstrate in man the development of resistance to coagulase 
following staphylococcal infection® have met with failure It is, of course, 
possible that the failure to demonstrate the development of resistance in these 
cases was due to the inadequate methods employed for measuring the inhibitor as 
Lominski and Roberts’® suggest If, then, it be assumed that the antibody hy- 
pothesis is correct, the present observations that the inhibitor is present in the 
plasma of normal guinea pigs, and entirely absent in the normal plasma of the 
rabbit may be explained only by the assumption that the guinea pig acquires the 
antibody as a result of a natural or silent immumzation, while the rabbit is im- 
munologically insensitive More exact immunologic studies are required to answer 
this problem 

The presence of the inhibitor in the plasma of the guinea pig, which has been 
found resistant to coagulase, and its absence in rabbit plasma which is high]} 
susceptible, suggests that this factor may play an important role in determining 
species susceptibility Snuth and Hale^ have reported that the resistance obser\ed 
With different species may be attributed to a deficiency of activator However, it is 
probable that both activator and inhibitor are the variables which determine 
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susceptibility It should be noted, that since the inhibitor apparently combine 
with coagulase and not with activator, an excess amount of coagulase woulc 
produce clotting even in the presence of inhibitor, provided some activator wen 
present The staphylocoagulase test is then dependent on the quantitative m 
terrelationships of the three variables coagulase, activator, and inhibitor Th{ 
variation in susceptibility which is observed when plasmas of various species an 
tested with different strains of staphylococci may be a quantitative phenomenoi 
which IS dependent upon the relative amounts of coagulase, activator, and in 
hibitor participating in these clotting systems 

Conclusions 

Dried human plasma and human plasma which has been stored in the frozen 
state for long periods are not readily clotted by coagulase Fibrinogen which is 
sufficiently purified is entirely insusceptible to clotting by coagulase However, 
all three substrates — dried human plasma, frozen plasma, and dried human fibrin- 
ogen — are readily clotted by coagulase on admixture of a plasma factor 

This accessory substance, referred to as activator, is precipitated from normal 
human plasma at 60 to 100 per cent saturation with ammomum svdfatc However, 
It is not present in purified serum albumin preparations, but does occur in alcoholic 
fractions which largely contain alpha and beta globulins Activator is a compar- 
atively stable protein which resists heating at temperatures below 100 C , but is 
destroyed by pepsin or nitrous acid 

A substance inhibiting the coagulase reaction was found present in many samples 
of normal human plasma It was associated with the globulin fraction It was also 
present in the normal plasma of the guinea pig but was deficient in rabbit plasma 
The inhibitor substance acts independently of activator and is therefore beheved to 
inhibit the clotting reaction by its action on coagulase Either the presence of this 
inhibitor or a deficiency of activator may be responsible for the failure of coagulase 
to clot the plasmas of some individuals and of certain animal species. 
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SOME HEMATOLOGIC EFFECTS OF IRRADIATION* 
By WiiiiAM Rloom, M D , and Leon O Jacobson, M D 


D uring our study of the cellular changes in mammals exposed to external 
and internal sources of lomzing radiations, evidence was sought for cor- 
rectness of the idea that small doses of radiations stimulate cellular activity and 
multiplication Although this idea is held by a number of radiologists, httle basis 
for It IS found in the radiologic literature other than misunderstanding and mis- 
quotation of a few important papers Some of our experiments offered unusual 
opportumties for a consideration of the question of stimulation Thus, in those 
experiments in which there were progressive decreases in the amount of irradiatioa 
and in the reactions to focalized irradiation, one could expect to find evidence of 
stimulating effects if they actually occurred But our findings in the organs and 
peripheral blood have been so consistently at variance with the idea of stimulation 
by small amounts of ionizing radiation that it seems desirable to summarize these 
observations 

Some of the confusion on this question undoubtedly originates firom a loose use 
of the word strmidation In the following discussion we shall discriminate between 
a primary stimulation which results directly in cellular hyperplasia, hypertrophy 
or hyperactivity after irradiation, without a stage of obvious previous injury, an 
a secondary stimulation which might be considered as a reparative process res ting 
from the necrotizing action of radiation 


Material and Methods 

The radiations which were employed in these studies on animals and man fa 
essentially into two main categories (i) Externally originating total bo y i ^ 
radiation from x, 7 rays, fast and slow neutrons (x) Focal irradiation by externa^ ^ 
originating B rays and radioactive isotopes administered enterally or 
I Total body madiatton The organs of large numbers of rabbits, rats, an 
and those from a smaller number of gmnea pigs were obtained for histo ogic 
when the animals were sacrificed at intervals after varying dosages of x an 7^ 
fast and slow neutrons The general plan of these experiments was to start 
LD 50/30 days dose of each agent and to decrease it until no histologic 
tologic changes were observed In most of the series the total amount o irra 
was given at one exposure, although there were several large and importa 

in which small amounts of radiation were given repeatedly urposes b) 

We found it necessary to carry out these experiments for histologic P , 
killing the animals at planned intervals because cytologic examinations 

From the Departments of Anatomy and Medicine and the Institute of Radiobiology 

Unnersity of Chicago „„o1n<T.c Eronps of the Met-*' 

* Most of the t\ork reported here was done in the histologic and hem J und^ 

lurgical Laboratorj of the Unncrsit> of Chicago and the Argonne mdude references 

contract of the Manhattan District No W-ji-ioj-eng-jS The deuiJed p p- 

1 hich this communication is based n .11 be found in the National Nu E D 


on 
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which were found dead were worthless The series was supplemented with the 
study of a number of moribund animals 

7. Focal trradtatton This occurred in the spleens and testes of a few mice given 
large amounts of irradiation by B rays from an external source of P^- However, 
the great mass of our experiments with focalized irradiation effects occurred after 
the intravenous or intraperitoneal injection of radioactive isotopes In a few series 
these materials were given intramuscularly or by inhalation Among the elements 
studied were the a (Alpha) emitters Ra and Pu, the jS emitters P^^, Sr^®, Y®i, and 
the (8 and 7 (Gamma) emitters Zr''“, Ba^-*®, La^'*®, Na®'*, and the degradation prod- 
ucts of Ra These isotopes were given in dosages starting with the LD 50/30 
days and m diminishing fractions thereof 

The tissues were routinely fixed in Zenker-formol, imbedded in nitrocellulose and 
stained with hematoxylm-eosin-azure 11, except for those portions of the tissues 
which were fixed in alcohol so that auto-radiographs could be prepared 

Whenever possible, studies of the peripheral blood were conducted on the same 
series of animals in which sacrifices were being made for cytologic study Where 
this was not possible, groups of animals were studied in parallel series, in still 
other experiments, blood counts were made on the animal at the time of sacrifice in 
an attempt to correlate the peripheral hematologic picture with effects on the 
blood forming organs Sampling of peripheral blood was done at intervals varying 
with the chronicity of the experiment In all cases, the technics employed were 
standard hematologic procedures 

From the standpoint of the hematologic studies, the experiments of most signifi- 
cance were (i) those in which an acute single dose of penetrating total body 
radiation was given (x-rays or fast neutrons) and (l) the experiments in which 
rats, guinea pigs, mice, and rabbits were exposed chronically to 7 rays or x-rays 
In one of the chronic gamma ray exposure experiments, the radiation was given 
daily over an eight hour period, and in another set of experiments, the 7 radiation 
was given twenty-four hours per day In the chronic x-ray experiments, the daily 
exposure was given within a few minutes The daily exposure of these animals, 
whether exposed to gamma rays or x-rays, extended over long periods up to four 
years 

Observations 

I CHANGES AFTER A WIDE RANGE OF DOSES OF TOTAL BODY IRRADIATION FROM 

EXTERNAL SOURCES 

One of the effects of total body external irradiation in doses not higher than the 
LD 50/30 days is to separate those organs which are sensitive to this amount of 
irradiation and those which are not In the laboratorj'" mammals which were 
studied with this dosage, the radiosensitive organs arc the gonads, bone marrow, 
spleen, lymph nodes, thymus, parts of the gastrointestinal tract, skin and bone 
Nerve, muscle, and most exocrine and endocrine glands are resistant ' 

It was found that all of the external ionizing radiations in cquiaalcnt doses 
produced similar effects * If the animals had been gnen the LD 50 30 da\s dose of 
x-ravs, or-) raNS, or fast or slow neutrons, the changes Mhich resulted could not be 
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distinguished from one another That is, in examining sections of the organs of 
these animals, we could not tell which ionizing radiation had been used With 
this amount of irradiation the very first changes observed, usually within the 
first hour, were degenerative changes and death of cells in the blood forming or 
gans, bases of the intestinal crypts and foveollae of the stomach, spermatogonia, 
and ovarian follicular epithelium or developing ova, and early mild inflammation 
(mainly edema) of skin 

Mitoses were usually gone by the second hour There was no evidence of an 
increase in mitosis In rabbit bone marrow after loor of total body x-irradiation, 
mitoses began to be present again after three hours They continued through the 
fourteen hour interval at a level slightly above that seen in controls At the eight 
hour stage some of the mitoses were abnormal During the next hours, the debris 
increased in amount and was gradually phagocytized With an LD 50 dose after a 
few days the blood forming organs became markedly reduced in size and the bone 
marrow and lymph nodes became aplastic — often completely so 

Jn the course of one to two weeks the blood forming organs gradually became 
actively hematopoietic again Only rarely did this process reach or exceed normal 
in the bone marrow Several months usually elapsed before the lymph nodes, 


thymus, and spleen returned completely to normal 
With progressively smaller doses the degenerative effects were less raarke 
They became minimal at 5or of x-rays and were just detectible in our animals at 
15 r of x-irradiation or the equivalent fraction of the LD 50/30 days dose ofneu 
trons With doses lower than 15 r, no changes were found, in animals so treatc 
there was no evidence whatever for either an injurious or stimulating effect 
In the regeneration after external irradiation the only instances of overcom 
pensation of tissue was in bone marrow of rabbits which survived the LD 50/3 
days In them the marrow seemed hyperplastic (both erythropoietic and mye O" 


poietic within two months after exposure ) 

After the administration of single doses of either x-rays or fast 

rabbits, mice, and rats, an inaease in circulating heterophil-leukocytes occ 
within the first twenty-four hours with doses up to and beyond LD 
In fact, with doses of 500 and 8oor m the rabbit Jacobson et al " note t a 
definite statistically significant peaks occurred at circa twelve and 
hours After doses of this magnitude, a leukopenia invariably followed the 
phil leukocytosis With doses of 300 r and below, only a modest elevation 
number of circulating heterophils occurred and this at about twelve 
trol animals handled in a comparable manner (except for the actua exp 
irradiation) also had this latter modest peak increase after about twe 
Heterophils are the only circulating cells which are initially increase 1 ^ 
after acute total body radiation Lymphocytes, monocytes, eosinop 


ulocytes, and platelets arc reduced ‘compmsatory 

As recovery occurs in the hematopoietic organs, however, a 
increase” above normal control values was not 
ticularly for the heterophils and reticulocytes No significant a s 
increase on a compensatory basis was encountered in experimc 



WILLIAM BLOOM AND LEON O JACOBSON 


589 


of 8oor to 5 r acute total body X radiation were administered In fact, lymphocyte 
values in the peripheral blood of the rabbit are reduced over a period of ninety 
days after an acute exposure to 8oor This is in agreement with the slow return of 
the lymph nodes to normal after irradiation 

After acute doses of x-rays, or fast neutrons Jacobson et al - ^ observed an 
“abortive rise” in lymphocytes, heterophils, and reticulocytes in rabbits between 
the fourth and twelfth day after irradiation This rise may possibly represent an 
abnormal stimulation in the sense that certain precursors are sufficiently altered to 
produce a limited succession of abnormal progeny 

Chrome Radtafton Experiments 

Chrome exposure of groups of rabbits, mice, and guinea pigs to 7 rays in daily 
doses of o II, I I, a L, 4 4, 8 8 7 for eight hours per day or twenty-four hours per 
day over periods extending beyond three years carried out by Lorenz et al ^ has 
not shown evidence of a stimulating effect on the blood forming tissue which was 
reflected in the hematologic constituents of the peripheral blood Similar ex- 
periments were conducted with chronic daily exposure of rats to x-radiation, but 
different in that the daily exposures required only a few minutes ® No evidence of 
“stimulation” was apparent in the peripheral blood of these animals In those 
instances in which an effect occurred, it was invariably a reduction in the number 
of circulating cells 

No deliberate or weU controlled human experiments have been done which are 
comparable in chromcity to these animal experiments The experiments of Low- 
Beer and Stone,® and Nickson, Cantril, and Jacobson,^ however, in which human 
subjects were exposed up to a total dose of 30or total body given in divided doses 
of from 5 to xor (x-ray) produced a general reduction in the various hematologic 
constituents of the peripheral blood In several cases studied by Low-Beer and 
Stone,® however, an absolute monocytosis became apparent reaching in several 
instances more than 50 per cent of the circulating leukocytes It has not occurred in 
the human cases we have studied nor has it been seen in the many animal exper- 
iments referred to above 

7. EFFECTS OF FOCALIZED IRRADIATION 

In mice exposed to large amounts of /3 rays from plaques containing P®- there 
was some focalized damage in several organs adjacent to the skin Changes were 
very marked in ovaries and testes But the changes which arc of interest in this 
communication occurred in the spleens of a few of the animals On the dorsal sur- 
face of the spleen there was a zone of severe radiation damage This zone gradually 
merged into normal spleen, the gradation consisting of progressively diminishing 
damage without any evidence of a zone of h}’perplasia of undamaged cells Since 
the rays have only a limited range of penetration, it would be expected that near 
the periphery of their range the small amount of radiation would c\oke a stimu- 
lating effect if such an effect docs occur 

This lack of a stimulating effect at the periphert of an area of focalized radiation 
is also characteristic of the changes which occur after localized deposition of 
radioactive isotopes When these isotopes accumulate in gn cn areas in radioscn- 
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sitive organs, they produce localized areas of radiation damage— much more 
extensive with /3 emitters than with a emitters because of the longer range of tk 
former The penetration of alpha rays is only a fraction of a millimeter m tissue 
whereas the /? ray penetrates several millimeters In or near none of these areas of 
focalized damage is there any evidence of cellular stimulation as evidenced by 
hyperplasia on normal cells 

^ With the exception of the highly diffusible Na^’i, the majority of the isotopes 
studied tended to localize in bone and most of them also accumulated in the red 
pulp of the spleen and in other organs This resulted in a marked hypoplasia 
and aplasia of the bone marrow As a consequence, most of the spleens of these 
animals showed a great increase in ectopic myelopoiesis over the normal This 
obviously is in compensation for the aplastic bone marrow In no instance was a 
primary stimulation produced in the blood forming tissue which reflected an 
inaease in circulating cells Compensatory increases were, however, noted in a 
few instances The radioisotope, Sr*®, is fairly generally distributed to blood 
forming tissue within the first few days after its parenteral administration It 
produces a reduction almost immediately in the nucleated cells of the peripheral 
blood It translocates, however, to bone and, therefore, exerts its major effect on 
the bone and bone marrow The lymphocytes, however, remain depressed for long 
periods even though normal lymphopoiesis is resumed in the lymph nodes and 
spleen This phenomenon occurs with other isotopes which are not localized more 
than temporarily in lymphatic tissue 
In some of the rats to which Sr*® was administered osteogemc sarcomas 
vcloped eight to ten months later This might be considered as a ' stimulation 


Discussion 

It IS clear from the histologic examination of our animals that there is no cvi 
dence of a primary stimulation of hematopoiesis by small amounts of irradiation 
from either generalized external, or focalized internal sources The changes in 
cells of the circulating blood after irradiation point to the same cone usio^^ 
although the analysis is complicated by factors of mobilization and loca 
in the various parts of the circulatory system The heterophil increase w , 
lows rather large acute exposures to penetrating radiations is, according to sa 
a hastened maturation of heterophil precursors and thus a ‘ stimulation 
The mechanism of the spectacular monocytosis described by 
Stone in certain of the humans exposed to divided doses of total body x irra 
is not clear Since it occurred only in individuals with degenerative ar 
may be a response associated with the underlying disease process ^ joheral 

Irradiation of the hematopoietic organs as reflected in changes m c 
blood IS often stated in the literature to produce stimulating effeem 
most frequently referred to in this connection are those of Murp j ^ ^ 
workers ® Actually these authors stated, ' We have further note 
small dose of x-ray we could obtain in a certain proportion of anima s the 

of the lymphoid elements, preceded by a comparatively short peno 
lymphocytes were below normal ' 
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Other statements are found in the literature which have affected the conception 
that x-rays produce a stimulating effect on blood forming tissue These effects, 
however, have been described after large doses of penetrating x-irradiation An 
increase in the erythrocytes per cu mm and hemoglobin in Gm per 100 ml ,1“ an 
increase in the platelets, reticulocytes,^® and polymorphonuclear neutro- 
phils^® have been described by a number of authors These and other papers on this 
subject, however, generally dealt with inadequate numbers of control and experi- 
mental ammals and, therefore, deny statistical validation Reports are also found 
in the literature describing the findings in the peripheral blood of man after chronic 
exposure to lomzing radiation These reports stress the significance of a lympho- 
cytosis,^® monocytosis,^^ eosmophilia,^®’ leukopema,^®* anemia either 
normocytic or macrocytic These reports have tended to instill a sense of 
security in those working with radiation because of the implication that peripheral 
blood findings could be used as an indication of effect on a given individual even 
with radiations in the 'tolerance range ’ (oir total body exposure per day) 
There is no work to substantiate this As sigmficant as many of these studies 
have been, the re-evaluation of these concepts is indicated at this tunc because of 
studies conducted on the Plutomum Project m the past few years 

Our findings and interpretations are in accord with the general conclusions of 
Czepa®^ and Packard ®® As the latter points out ‘ The evidence now at hand points 
to the conclusion that radiations do not directly stimulate normal activities of the 
cells, their primary effect is always an injury from which the cell may recover 
perfectly But the degeneration products may temporarily qmcken the tempo of 
some normal processes, such as protoplasmic streaming and mitosis, an acceleration 
which IS followed by a retardation and often by very obvious injury Such reaction 
is secondary, and is not true stimulation in the sense in which the term is used in 
radiological literature ” 

Conclusions 

Extensive studies with acute and chrome application of externally originating 
ionizing radiations and internally deposited radioisotopes have failed to reveal 
evidence in the blood forming tissues and peripheral blood of a primary stimulation 
of hematopoiesis However, secondary or compensatory increases in certain of 
the cellular constituents of the peripheral blood were seen and were invariably 
preceded by a reduction The initial leukocytosis (heterophil increase) which oc- 
curs in the first twenty-four hours after acute exposure to externally originating 
irradiations is probably a reaction to injury mediated through a mobilization 
rather than a new formation of blood cells The abortive rise in heterophils, 
IjTuphocytes, and reticulocytes is likewise probably a result of frank injurj 
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THE EFFECT OF RADIATION ON HEMOPOIESIS IS THERE AN 

INDIRECT EFFECT? 


By John S Lawrence, M D , Wieeiam N Vaeentine, M C , A U S , 

AND Andrew H Dowdy, M D 

I. Introduction 

S INCE the discovery of the x-ray by Roentgen, medical science has evinced great 
interest in eluadating its mode of action Today, the problem is by no means 
completely solved Certain facts, particularly those relatmg to the results obtained 
when tissues are subjected to direct radiation, arc well estabhshed and widely 
accepted For example, the aplasia of bone marrow resulting from direct wide- 
spread radiation in large doses must be regarded as beyond dispute 

However, there are other observations both of a clinical and experimental nature 
which are poorly understood and highly controversial These relate particularly 
to changes in tissues far removed from the direct site of radiation and have led to 
the postulation of an ‘ indirect” action of x-rays For example, many roentgen- 
ologists have privately observed, and others have publicly reported, marked 
involution of lymph nodes involved m a lymphomatous or metastatic process when 
radiation was given to other areas sufficiently remote as to have precluded any 
direct exposure of the former Equally well known is the marked reduction in the 
blood count of leukemias treated by x-ray and the leukopenia which develops in- 
frequently in similarly treated nonleukemic individuals, even when supposedly 
very small areas of marrow are subjected to the effects of direct radiation These 
effects, at least in superficial appearance, are not unlike those well established for 
direct radiation The result has been a welter of interesting but confusing literature 
which will presently be reviewed 

It IS with this possibility of an "indirect” action of roentgen radiation that this 
report is concerned The concept of ‘ indirect” action requires further definition 
It IS inconceivable in an organism whose every cell is bathed in a continuous, cir- 
culating flmd medium, and which is interlaced with an intricate network of 
nervous tissue, that such an agent as x-ray, known to be capable of creating exten- 
sive destruction of certain cells, should be without an indirect effect It is well 
established that there are indirect effects from a thermal burn or mechanical 
crush Yet in the case of crush injuries, at least, the only action directly attribut- 
able to the causative agent ceases at the time the trauma is discontinued What 
occurs in the organism after that must be regarded as strictly nonspecific, even 
though these events may be of a highly serious nature at times We, therefore. 

From the Departments of Medicine and R3dtolog\ of the Unuersin of Rochester School of Medicine 
and Dentistr), Rochester, Ne\s 'iorh 

This paper is based on ssork performed under Contract No M- 7 ^oi-eng^j with the Manhattan 
Project for the Unnersin of Rochester, Rochester, New ^ork It will appear in Dnision \ I the 
Manhattan Project Technical Scries as a part of the contribution from the Lnucr'-ifs of Ro^he-. e' P' i 
ject, Radiologs Division 
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have limited our approach to an effort to demonstrate indirect effects pcithar to 
radiation The pertinent question is whether or not radiation results in the forma 
tion of specific substances (not merely those liberated by nonspecific cellular m)ur) 
or death) which when transported to distant areas produce a characteristic indirca 
effect 

If such distant indirect effects exist, it seems reasonable that the agents mediating 
them will in all probability be transmitted to their site of action by way of the 
circulation The experimental approach has been, therefore, to arrange for the 
direct passage of a very large volume of blood for a period of several hours from a 
radiated to a normal animal, and then subsequently to observe the normal ammal 
for evidence of changes which might be interpreted as indirect radiation effects 
Cross arculation by way of carotid to carotid anastomoses satisfies the con 
cept of this approach Parabiosis, in which small circulatory connections un- 
doubtedly exist between the two animals, was felt to be disadvantageous in that 
only small amounts of blood cross circulate per unit of time The methods and 
techmes employed will be described in detail below Important corollary principles 
are that the radiated animal must receive a relatively large acute dose of radiation 
in order that any indirect effect present may be made more manifest, and that 
sufficient experiments must be done to cover all time intervals up to at least a few 
days after radiation of the one animal Significant changes in the leukocyte an 
lymphocyte picture in the normal animal following cross circulation have been 
selected as the criteria of an indirect effect in these investigations These criteria 
were selected because (i) these elements have been shown to be among the most 
sensitive indicators of damage by radiation, and (i) changes in these elements a 
their precursors have been repeatedly mentioned by those attributing m 
effects to radiation 


X Review of the Literature 

An appreciable amount of medical literature has accumulated concerning^^^^ 
’indirect” effects of x-rays Particularly in the early 1900 s many contri 
to the subject were making their appearance, the German investigators 
especially active in this field Much of this early literature is mutually 
tory and largely of historical interest Dosage of radiation administerc^^w^^^^^ 
most instances not accurately known, and the quality of radiation emp o)e 
widely from investigator to investigator Roentgenology was in its in a^^^ 
technical factors poorly understood and poorly controlled Neverthe 
is not one that readily lends itself to experimental investigation, an ev 
vastly increased knowledge and improved technical control, the sam 
arguments prevailing soon after the turn of the century are still being e 
literature of the last twenty years fhc 

Broadly these investigations can be grouped into four main 
demonstration of, or the failure to demonstrate specific toxins radia- 

■ leukotoxins”) in the serum of patients or experimental anima ® jcnion- 

tion Both in vivo and in vitro studies of this nature are reporte 2. ^usues 
stration of, or the failure to demonstrate significant histologic c 
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ordinarily sensitive to roentgen radiation following radiation of some site remote 
from the tissues studied (3) The clinical demonstration of significant involution of 
susceptible tissues far removed firom the point of application of direct radiation 
(4) A group of miscellaneous investigations chiefly concerned with demonstration 
of a wide variety of biochemical abnormalities occurring after radiation, and 
purported to be the mediators of an indirect effect 
Efforts to demonstrate a specific toxin developed as a result of radiation have 
been particularly numerous Linser and Helber-® (quoted by Capps and Smith) 
found that a leukotoxin wss produced in the blood of organisms exposed to x-ray 
This leukotoxin when injected into other animals destroyed the circulating leuko- 
cytes, and when added to animal exudates containing leukocytes caused loss of 
motion and degeneration of the cells Curschmann and Gaupp^ in 1905 injected into 
rabbits serum taken before and after radiation therapy from a patient with lym- 
phatic leukemia A few hours after injection the authors observed leukopenia not 
present in control animals This, they concluded, was due to the development of a 
specific leukotoxin which could also be demonstrated as capable of destroying 
human leukocytes in vitro They presented evidence suggesting that such a leuko- 
toxm was inactivated by heat (60 C for one half hour) The following year 
Kdieneberger and Zoeppritz^ were unable in their investigations to demonstrate 
any consistantly toxic action of radiated scrum on leukocytes in vitro either as to 
cellular disintegration or as to influence on amoeboid activity In addition no 
constant leukopenic effect was observed after injection of radiated serum into 
rabbits The authors concluded no toxin could be demonstrated as a result of radia- 
tion Milchner and Wolffs® observed some decrease in leukocytes in animals after 
the injection of 5 cc of serum from a radiated animal of the same species They also 
noted some degree of leukopenia when material firom a radiated spleen was in- 
jected, while injections of normal spleen resulted in leukocytosis However, they 
felt that their results were not of sufficiently concrete nature to be strong evidence 
for the presence of a leukotoxin, particularly in view of wide, physiologic vari- 
ability in the leukocyte counts of the experimental animals used Benjamin'* and 
co-workers after radiating the ears of rabbits with large doses while shielding the 
remainder of the animal found leukocytosis and l)Tnphopenia occurring, but the 
blood picture returned to normal within twenty-four hours They claimed to ha\c 
found increased choline formation in animals after intense radiation, and to ha^e 
noted that this corresponded to the period of leukocytosis The investigations of 
Capps and Smith® were interpreted as favoring the concept of a leukoto\in These 
authors found leukopenia to result fi-om the injection of a few cc of radiated scrum 
from one animal into the abdominal wall of another This serum was also said to 
cause abnormal destruction of leukocjtes in hanging drop preparations With this 
view Hams'® concurred, though presenting no experimental cMdcncc of his oun 
In 191S Dorn'® reported that testicular and oaarian atropha and leukopenia of 
considerable duration resulted from the injection of enzttol, i borate of choline 
The author felt that the effects of radiation were exaeth reproduced h\ thi*. Nuh- 
stance ind that this offered strong support to the concept of choline as the toxic 
cause of radiition effects Walterhofcf' likewise considered indirect effc..ts of 
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radiation to result from some toxin, possibly choline- In i9xe Billings® in dis- 
cussing his experiences with the treatment of leukemia by roentgen ray, stated that 
the apphcation of radiation to any cutaneous surface resulted in the appearance of a 
leukolytic substance in the blood The serum of a treated patient dissolved white 
blood cells in vitro, while the serum of an untreated patient had no such effect 
In the same year, Murphy, Liu and Sturm^^ were forced to conclude that their 
experiments failed to show any evidence of the presence of a lymphotoxin, even 
when exposures large enough to effect almost complete destruction of lymphoid 
tissue were employed Zacherl®® four years later, as a result of experiments with 
radiation of single and parabiotic rats, felt that some toxic substance capable of 
causing sickness and death of the animals must have been produced Szildrd''® m 
192.7 could demonstrate no autolytic effect on leukocytes in the serum of radiated 
leukemics, nor could any such autolysm be demonstrated by complement fixation 
tests He could find no increase in choline in the blood or urme of leukemics under 
x-ray therapy This author postulated none the less that perhaps electrons circu- 
lating in the blood exerted deleterious effects on distant sensitive cells 
Strumia’s'*'^ studies led him to conclude sweepmgly in 192.9 that ‘ radium emana- 
tions, as such, are carried by the blood or that they act through the production of 
leukotoxins, which are produced by the direct effect of the radium emanations 
upon the white cells of the blood in superficial vessels, or perhaps upon fixed cells of 
the reticulo-endothelial system ” He further stated, ‘ The direct action of radiation 
upon hemopoietic foci is altogether unimportant In all cases, the blood acts as a 
carrier of radiations, either as such or modified, to the hemopoietic foci where its 
main action takes place ” Woenckhaus®® felt that leukopenia observed in normal 
rats after injection of serum from strongly radiated rats was due to products 0 
proteolysis in the injected serum However, he also found that when one membwi 
of a parabiotic pair was radiated and the other shielded, a leukocytosis and not 
leukopenia occurred in the non-radiated parabiont In 1932., Zwerg®® heavily radiat. 
skin flaps in small laboratory animals The remainder of the animal was shie c , 
yet if the pedicles connecting the skin flap to the animals remained intact, t c} 
uniformly died in two to nine days, and exhibited varying degrees of leukop-m 3 
and lymphopenia The latter, however, were not of the order of magnitu e un^ 
formly seen in animals who have received enough generahzed radiation 
death Zwerg concluded that the effect of roentgen rays on the white b 00 c^^ 
picture IS not a direct action on the blood forming organs and probably 
circulating blood Rather, he believed, the decomposition of cells gives ns 

toxins which in turn damage the hemopoietic system ;naco- 

Macht-'^ in more recent years has attacked the problem by phytop 
logic methods, examining blood and serum obtained both before and a ter 
from a variety of animals His method, briefly, consists of studying t e ^ 

roots of Lupinus albus seedlings in standard physiological solutions as co 
with the growth of similar seedlings in similar solutions to whic ^ cs. 

had been added This investigator concluded that there is a toxic 
ent in radiated but not in normal serum, and that it reaches its m 
twenty-four to forty-eight hours after treatment, disappearing in a ei 
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Osgood''‘’in 19^1 LonJuctctl in vitro cxpcriintnts designed to determine if indirect 
ndntion effects on cells of hone marrow could be demonstrated He sec up four 
human marrow cultures identical in cverj respect except one received no radiation, 
in one both cells and medium (35 ixr cent human scrum and 65 per cent balanced 
salt solution) were radiated, in one on!) the medium was radiated, and in one only 
the cells were radiated Quantitative hematologic studies indicated no indirect 
action of radiation on marrow cells suspended in the radiated medium 

A number of histologic studies liavc also been made in which tissue remote from 
the direct site of radiation has been examined for evidence of indirect damage 
Nakahara and Murphy"” found identical changes in both deep and superficial 
lymphoid tissue following small doses of soft x-ray Since 96 8 per cent of the rays 
did not penetrate beyond a depth of 1 cm it was felt these changes in deep tissue 
could not be the result of direct action by the rays Jolly and Ferroux*® in histologic 
studies made on lymphatic structures outside the field of direct radiation were of 
the opinion that there was grave doubt that the slight changes noted were due to 
an indirect, toxic action of radiation Rather it was their inclination to attribute 
such slight changes as might exist to diffused or secondary radiation Akaiwa and 
Takeshema' exposed popliteal lymph nodes of rabbits to various amoimts of 
radiation, leaving one side as a nonradiatcd control The changes in lymphoid 
tissue on both sides were noted at a variety of intervals after radiation The authors 
concluded chat in the control nodes histologic changes identical with those in the 
radiated nodes occurred, but chat the reaction was much less intense and much 
slower on the nonradiated side In 1940, Hsu and Ma*® radiated one femur only of 
rats with doses varying from looor over a four day period to 5ooor over a forty 
day period The day after the course of radiation was complete animals were 
sacrificed and the bone marrow of radiated and nonradiated femurs, the submaxil- 
lary l)'mph nodes, and the spleen of each were examined In the nonradiated hemo- 
poietic tissues changes of a hyperplastic nature interpreted as compensatory, were 
noted Le Blond and SegaF® found large doses of roentgen rays produced second- 
ary changes in well shielded organs far distant from the point of impact These 
consisted of constant thymus and generalized lymphatic atrophy and adrenal 
hypertrophy and frequently of fatty infiltration of the liver and ulcerations of the 
stomach Such lesions were considered part of a general intoxication following 
radiation and were felt to be similar to those described by Selye as occurring in the 
nonspecific “alarm reaction” developing after the application of a wide variety of 
injurious stimuli It is interesting (as has been noted with other noxious agents 
capable of eliciting an “alarm reaction’ ) that thymus and lymphatic atrophy was 
suppressed by adrenalectomy but the gastric lesions and general lethal effects of 
the rays increased Barnes and Furth® in 1943 using single and parabiotic mice 
reported an extensive series of investigations These authors examined bone mar- 
row, lymph nodes, and spleen in unexposed areas of mice radiated with anywhere 
from 4oor to yooor Some histologic changes were observed, but these were slight 
and regarded as probably the result of products of damaged tissue transported by 
way of the circulation The degree of change depended on the dose of radiation and 
probably on the volume of tissue radiated The authors observed similar histologic 
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changes m mice burned under anesthesia with the actual cautery over the chest and 
abdomen, and in the lymph nodes of two mice dying of lodoactetic acid poisoning 
In addition, the effect on the he nopoietic tissue and lymph nodes of normal mice 
whose parabionts had been subjected to radiation was studied Histologic changes 
similar to but much less extensive than those found in the radiated animal were 
observed in the tissues of the nonradiated parabiont These were considered non- 
specific Densted,® likewise in 1943, reported on a large number of examinations of 
bone marrow and peripheral blood in patients being treated with x-ray Control 
specimens were obtained before treatment The majority of the patients were 
suffering from malignant disease, and x-ray dosages, while variable, were for the 
most part cancericidal in magnitude Marrow speci nens were obtained a consider- 
able distance away from the sites exposed to direct radiation Twenty-eight pa- 
tients developed no granulocytopenia (Telow 3000 granulocytes per cubic miili- 
ireter) In these there was no abnormality of the nonradiated marrow either as 
regards total quantity of cells or differential values In xo patients the granulocytes 
of the peripheral blood fell below 1300 per cubic millimeter In these cases, the 
cellularity of the nonradiated marrow remained normal, but adult polymorpho 
nuclear leukocytes in the marrow decreased firom an average of 16 per cent in control 
groups to 6 5 per cent in granulocytopenic groups The promyelocytes were qu;^ 
tionably increased For these reasons, the author concluded there is in certain 
patients some degree of maturation inhibition in myelopoiesis, and that this n 
probably due to some toxic or anaphylactic factor He considers this to be an m 
direct effect of roentgen and radium rays on hematopoiesis and suggests it may 


occur more readily in patients who are in poor condition 
While many roentgenologists have observed phenomena suggestive of an indirect 
radiation effect, relatively few have seen fit to publish these clinical observations 
However Langer®^ has stated that he had observed indirect radiation effects on 
several occasions He cites the case of a boy treated with x-ray for verruca simpkx 
of both hands Although only one hand was treated the warts gradually disaji- 
peared fi'om the untreated hand He refers also to a case reported by Baensch in i^ti- 
where, in a patient with primary carcinoma of the breast, regional nodes disap 
peared even though shielded with lead rubber during radiation Scotf** has reporte 
to have observed frequently in cases where large areas were radiated the disappear 
ance of lymphosarcomatous glands in regions rece ving no radiation In one case, 


he states, this was manifest within half an hour after therapy 

In addition to the above, a miscellany of diverse mechanisms have 
latcd as the mediators of indirect radiation effects In 1905, Musser an 
concluded that the effect of x-ray is not direct but is dejpendent on a 
body subsequent to exposure They felt that the increased ca'afysis 
radiation was a response in the form of an increased fermentative process, an 
eluded that favorable results to x-ray therapy could occur only when the 
capable of such response Demievillc® concluded that an indirect effect o r^^ 
probably conditioned through decomposition products, t,tcrs 

forming organs Petersen and SaclhoF® m 19x1 demonstrated increase 
of several enzymes after radiation and speculated whether some rem 
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radntion may not be due to enzyme mobilization Hussey’" found an uncompen- 
sated alkali excess in rabbits exposed to x-rays and suggested alteration in acid-base 
balance ma) be an important factor in their action Opitz’’'’ suggested that toxins 
produced by x-rajs may be agglutinated by tumor cells, thus impairing tumor 
grow'th Rahm and Koose’’”’ assumed chemical changes arc initiated in the dead 
interstitial substances of the body and that these may be responsible for the end 
effects seen V Pannewutz’” observed acidosis followed by slowly increasing 
alkalosis wdiich persisted for several days after radiation Kluge and Zwerg-’ have 
suggested that mobilization of hormones, particularly those of the hypophysis, 
are important in producing the observed effects of radiation Sclyc''® in an extensive 
rcview^ of general adaptation phenomena has pointed out that many of the meta- 
bolic changes described after radiation such as hyperglycemia, decrease in blood 
cholesterol, increase in ketone bodies in the blood, elevation of the NPN, and 
disturbances in acid-basc balance arc seen wuth equal frequency as a response to 
many injurious stimuli such as traumatic shock, exposure to cold, burns, drugs, 
and solar rays This author feels such things represent nonspecific systemic phe- 
nomena elicited by injurious stimuli to which the organism is qualitatively or 
quantitatively not adapted Very recently Dougherty and White’^ have proposed 
that roentgen radiation exerts both a direct and indirect effect on lymphocytes and 
that the indirect action can be explained on the bases of the increased pituitary — 
adrenal cortical activity caused by radiation 

It IS readily apparent chat the literature weighs heavily on neither side of the 
question 

3 Experimental Technic and Methods 

The experimental animal employed was the cat and the chief experimental device 
cross circulation by way of carotid to carotid anastomoses In the twenty-six 
successful cross circulation experiments which form the basis of this report, a 
normal animal was in each instance cross circulated with a radiated animal The 
latter received its radiation either during the actual time of cross circulation or at 
varying intervals prior to its establishment A control group in which normal cats 
were cross circulated had already been established in this laboratory in connection 
with experiments previously reported 

The technic of establishing cross circulation was as follows The animals were 
anesthetized with nembutal administered intraperitoneally The operative site 
was prepared, and the carotid artery of each on one side isolated and dissected free 
A small rubber covered clamp was placed at the proximal and distal ends of the 
freed vessel and the artery divided midway between the two clamps Both seg- 
ments were then washed free of blood with isotonic citrated saline solution In 
each animal, the proximal arterial segment was cannulated by threading it through 
a Monel cannula, everting the cut end of the vessel over the outside of the cannula, 
and tying with fine 5-0 catgut The two ammals were next brought together in 
such a way that the proximal arterial segment of each was directly adjacent to the 
distal segment of the other They were conveniently supported in this position by 
the use of small sandbags A bed for the anastomoses was readily formed by sutur- 
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mg together the strap muscles of the two animals Following this, the disul 
arterial segments were drawn over the outside of the cannulated proximal seg 
ments and tied about the cannula Clamps were then released and cross circulation 
allowed to function from two to ten hours The cross anastomoses thus established 
afforded a continuous endothelial pathway by which the blood from each cat 
supplied one side of the head of its partner and vice versa Figure i diagrams the 
method of anastomosis 

The volume of blood traversing an anastomosis of this type, will, if uncom 
pensated, result in the exsanguination of an animal within a few minutes At the 
conclusion of the period of cross circulation the patency of each connection was 
always tested in situ by reapplying the clamps, dividing the anastomoses distal io 
each cannula, and releasing the clamps for a brief instant 

Prior to an experiment, control hematologic studies consisting of hemoglobin 
determinations and a total and differential white blood cell count were made 
Only animals which were clinically well and which showed no gross hematologic 
abnormalities were used During the period of cross circulation leukocyte counts 


DISTAL SEGMENT 
CAROTID ARTERY 




PROXIMAL SEGMENT UOATURE 

CAROTID artery 
(CAT A ) 

Fig I Diagram of end to end carotid to carotid anastomosis of the type employed in these evper 
imcnts 

and smears were made at approximately hourly intervals In each instance blood 
was obtained from the marginal ear vein The hematologic follow-up of 
radiated animal consisted of a nunimum of daily (except Sunday) total an 
ential white blood cell counts for a period of two weeks and similar 
every other day for a period of approximately an additional two weeks 
were made with Bureau of Standards certified pipcts All blood smears were 

by the coverslip method and stained with Wright’s stain hicctcd 

The radiation to which one member of each cross circulated pair was su 
was kept constant and subject to the following factors 


Total Dosage 
Voltage 
Milliampcrage 
Target Distance 
Filter 

Half Value Layer 
Rate of Administration 


1500 r whole body radiation 
k V p X50 


15 

XI inches to center of cat 
Aluminum parabolic plus h mm copper 


X I mm copper 
Approximate!) x) r per 


minute ^Mth slight tariation 
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This amount of radiation invariably results in the death of cats within four to 
seven days 

In the majority of e\pcriments, one animal was radiated at some interval prior 
to cross circulation In seven experiments, however, cross circulation was first 
established and then one animal radiated while the other was shielded Shielding 
was accomplished by means of an appropriately shaped wooden frame covered with 
one-fourth inch of lead plate An ionization chamber placed under the frame re- 
corded the small amount of scatter radiation which escaped the shielding This 
varied in different experiments from a minimum of xor to a maximum of 43 r 

It was customary to administer isotonic saline subcutaneously to both animals 
during cross circulation and at its conclusion In some instances, penicillin in saline 
was also administered 


4 Presentation of Data 

In all, twenty-six successful cross circulation experiments were performed Of 
these, all the normal animals except one were followed hematologicaily for a 
period of approximately twenty-eight days after return to their own circulation 
Cat number 153 had to be sacrificed about two weeks after cross circulation because 
of a wound infection With one exception, each cross circulated team consisted of 
one radiated and one nonradiated member The experiment involving normal cat 
number thirty-six who was cross connected in scries with two radiated animals 
simultaneously constituted this exception In such a circuit, blood from the normal 
animal passed to one radiated animal, which in turn was connected to a second 
radiated animal, which likewise in turn supplied blood to the normal cat 

The data pertinent to these experiments are especially smted for presentation in 
graphic and tabular form and this has been the mode of presentation selected 
Figure X shows in graphic form the duration of cross circulation and the interval 
after radiation of one member of the team that cross circulation was established 
It can readily be seen that in the majority of experiments the duration of cross 
circulation was in the neighborhood of eight hours A few animals were cross 
circulated as long as ten hours, one for as little as two hours and seven minutes 
The group of animals in which radiation of one partner took place at the time the 
cross circulation was functioning were connected for approximately three to five 
hours More experiments were performed during or shortly after the radiation of 
one member because it was felt that logically the most profound effects on the 
normal partner could be expected under these circumstances Nevertheless, all the 
time intervals after radiation up to eighty-two hours were covered 

Table I presents detailed hematologic data from each experiment and indicates 
the total leukocyte and absolute lymphocyte count of each normal animal before 
and at varying intervals after cross circulation with a radiated partner The inter- 
vals selected were done so arbitrarily with an eye to conserving space without 
sacrificing a comprehensive and representative presentation of the data In addi- 
tion, in the experiments in which one animal was shielded and the other radiated 
during the period of cross circulation, the amount of radiation recorded by the 
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ionization chamber under the shield has been indicated In every experiment of 
this type a small amount of scatter radiation escaped the shielding 
Tables x and 3 give the means and standard deviations for total lymphocyte and 
leukocyte counts respectively of the normal animals for the same time mtervak 
before and after cross circulation as given for the individual animals in table i 
The figures are divided into three groups those applying to the shielded group of 
normals, which were cross circulated at the time of their partner’s radiation, those 
applying to the non-shielded group which were cross circulated with a previousl} 
radiated partner, and those applying compositely to the group as a whole It will be 
noted that the number of animals for which data are presented varies somewhat on 
different days in the tables This is due to the fact that counts were made but si\ 



days a week so that at any specified interval after cross circulation it is P 
that counts are not available for every member of the group 

Figure 3 indicates graphically a composite picture of the average eu ° 
lymphocyte counts of the entire group during the period of follow-up n a 
the same data on the seven shielded animals are graphed separate y, 0 
these animals unavoidably received small amounts of radiation, an 
type of experiment was considered the most critical of the group 

5 Results 

Analysis of the data indicates few or no detectable animal 

in the normal cat at any time after its cross circulation wit a ra 
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Table 1 — Continued 


Cat 

No 

Dura 
tion 
of \ 
circ 
m 
hrs 

Amt 

of 

Ra 

dia 

tion 

Prior to 
X circ 

First 

After 

X circ 

1 day 

2 clays 

3 days 

5 days 

7 da}s 

10-11 

days 

14-15 

days 

21-22 

days 

End of 
Eip 

44 

6 3 

none 



14,300 



23,600 
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9 300 

13,700 

20,500 
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• ■= Total Leukocyte count 
t “ Absolute Lymphocyte count 
t = Shielded animals 


Table x — Means and Standard Devtattons for Absolute L^mfhocjte Counts of Normal Cats Fellettm/, 

emulation with Radiated Animals 


Shielded Group 



N 
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SD 

N 
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SD 
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Prior to x-arc 
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1063 
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8 

00 

>-l 

16 
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X 
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X 

1325 0 

17 

I day after x-arc 

7 
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1697 3 

x6 

X days after x-arc 
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I 
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XI 
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XI 
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25 


Non shielded Group 


Enure Group 


Mean 


33°7 7 
1868 5 
iiu 9 
3151 o 
3174 6 
1516 1 

4 

X747 9 
3065 4 
X967 1 
x844 


N 


Number of animals on which counts arc available at the time speafied 1 


The average leukocyte count for the entire normal group and tor t c p^j-tner 
in which cross circulation was established at the time of radiation^o^ offono"''‘'P 
remains throughout the entire approximately twenty-eight day peno 
actually somewhat higher than the pre-cross circulauon contro cve juring 

a single animal did evidence of significant leukopenia deve op at several 

the experiment — this despite the fact gnimals received or a pen 
hours the full volume output of the carotid artery from a instances for 

would be expected, well marked leukocytosis was present m y 
a few days after the operative procedure Its duration vane 
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Table 3 — Mtaus and Standard Deviations for Total Ltnkocyt Counts of IToTmal Cats Following Cross 

Circulation with Radtated Animals 



Shielded Group 

Non shielded Group 

Entire Group 

\ 

Mean 

SD 

N 

j^Iean 

S D 

N 

Jfean 

SD 

Pnor to \-circ 

7 

1431S 

6| 

6461 4 
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6658 5 
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N = Number of animals on which counts arc available at the time specified in column i 



Fig 3 A\cragc Icukoc) tc and lymphocyte counts per cubic millimeter of the whole group of animals 
for the entire period of the c\-pcrimcnt are mdicatcd The average Icukoc} tc and Ijmphoc) tc counts for 
the critical shielded group arc graphed scparatclj 


animal to animal Of some interest is the very striking degree of leukocytosis 
developing at the time of cross circulation in certain animals whose partners had 
received their radiation at the time of or shortly before cross circulation Whether 
these more striking instances of leukocytosis are due to the passage of leukocytouc 
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metabolites resulting from tissue breakdown as a result of radiation cannot be said 
with certainty The leukocyte counts in question were markedly in excess of those 
developed in a normal control group, however 

Individual lymphocyte values found in normal animals after cross circulation 
show a moderate amount of variation As would be expected during the period of 
marked leukocytosis during the few days immediately following cross circulation, 
a drop in the absolute lymphocyte count was noted Lymphopenia is a well known 
companion of neutrophilic leukocytosis and in this instance, it was presumably 
accentuated by the fact some animals had been cross circulated with partners who 
had no circulating lymphocytes at all To be sure, the average lymphocyte level 
for the entire group remained throughout slightly lower than that found before 
cross circulation and this trend was slightly more apparent in the critical shielded 
groups as a whole In view of the physiologic variations in lymphocyte counts, m 
view of the persistence of some increase in the average total leukocyte counts 
throughout the experiment, and more particularly in view of the fact that the 
reduction in lymphocyte count was relatively slight and not at all of the order of 
magnitude associated with direct radiation, there is grave question that any sig 
nificance can be attached at all to this finding At no time did the average per cent 
of lymphocytes fall below 4 9 per cent of the leukocytes present even in the shie e 
group, and this figure was obtained only for the first day after radiation In a 
other instances it was appreciably higher than this 

6 Discussion 

It IS apparent that under the conditions of our experiments, no specific m 
direct’ ’ effect of radiation has been demonstrated It is also felt that if signi can 
indirect effects peculiar to radiation are dependent upon the circulation, t 
should have been readily demonstrated by the experimental setup 
However, it cannot be denied that had it been possible to maintain cross circu a 
for much longer periods — say forty-eight or seventy-two hours instead 0 cig 
ten hours — indirect effects too slight for demonstration during the shower 
might have become manifest The possibility of an indirect radiation e 
ated solely by the lymphatics has also been considered but discarde as 
unlikely Any lymphatic disseminated agent would in all probability 
the venous and arterial tree and would be expected to manifest itse m t 
Further, if in some devious manner it should be removed from y™p ^ 
reaching the blood, indirect effects of radiation would exist 
lymphatic drainage area of that portion of the body directly radiate 
of such a purely localized regional indirect radiation effect is suppo 
evidence and, in fact, is contrary to whatever evidence there isj^sugg 

such indirect effects exists \ indirect 

It IS also apparent that there is no satisfactory evidence for a c aracteri j5 

radiation effect presented in the medical literature Such evidence as ^ Qjjtamed m 
of dubious character and refuted for the most part by contrary than 

similar types of experiments by other investigators Nor has t ^ip-cts to 

a desultory attempt on the part of investigators of indirect ra la 
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differcnti.Ttc body reactions common to a variety of damaging stimuli from those 
specific to radiation This is a fundamental differentiation, particularly in view of 
Selye’s now well supported observations that an identical, nonspecific systemic 
reaction (at times severe enough to result in death) occurs as a response to many 
unrelated injurious stimuli Still, it is undoubted that leukopenia develops in a 
certain number of individuals treated with roentgen radiation even when the 
amount of marrow directly exposed to radiation is thought to be minimal It is 
also highly likely that involution of and histologic changes in normal and abnormal 
lymphoid tissue remote from the site of direct radiation as observed by many 
roentgenologists and research workers is real and not apparent It would seem wise 
to examine these considerations more closely to sec if it is necessary to assume they 
are peculiar to radiation and if they can be accurately described as specific attributes 
of radiation per se 

Kornblum-- and his associates in an extensive series of clinical observations 
concluded that therapeutic radiation tended to lower the leukocyte count How- 
ever, in approximately one-half of the patients studied there was no decrease in the 
number of neutrophils and in the great majority of the remaining cases depression 
was of slight degree In but 7 cases out of ixo were the neutrophils reduced below 
xooo per cubic millimeter The effect of therapeutic radiation on the lymphocytes 
was more striking, a definite decrease in their numbers being the rule In most 
cases the drop in count was relatively slight but in some instances it was very pro- 
nounced It is thus seen that leukopenia of appreciable degree is an inconstant 
feature of radiation therapy applied to areas where there are no or minimal amounts 
of hematopoietic tissue While the area treated, the volume of tissue radiated and 
the total amount of radiation are, in our opinion, all of importance as regards the 
production of leukopenia, yet it is impossible to predict accurately in most in- 
stances of local radiation over essentially non-hematopoietic areas which indi- 
viduals will and which will not develop leukopenia On the other hand, one can 
always anticipate the development of leukopenia when radiation is given over any 
appreciable amoimt of hematopoietic tissue such as in total body irradiation 
Further, leukopenia associated with total body irradiation is more marked than 
when no or minimal amounts of hematopoietic tissue are radiated Thus radiation 
over large amounts of active bone marrow can be expected to produce marked 
leukopenia, whereas radiation over non-blood forming areas produces mild, if 
any, leukopenia Still another difference between the results of radiation over 
hematopoietic and nonhematopoietic areas is to be found in the morphological 
appearance of the bone marrow With radiation directly over the bone marrow, 
hypocellularity and/or aplasia result, whereas the marrow shows normal cellu- 
larity or it may even be hyperplastic when other tissues are exposed and it is ex- 
cluded 

Three possible explanations for these differences arise First, they may be only 
quantitative, the so-called indirect effect actually being a direct effect resulting 
from inclusion of larger amounts of hematopoietic tissue in the field of radiation 
than generally considered to be the case It should be noted m this connection that 
the exact amount of hematopoietic tissue exposed to radiation is not known m 
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many instances where an indirect effect is said to occur It may well be that the 
amount of blood producing tissue radiated in these cases is sufficient to reduce the 
output of blood cells to a point where their normal level cannot be maintained 
In particular, one must consider the possibility that in debihtated patients the 
reserve for production of blood cells may be distinctly lower than in the normal 
If this IS true, the inclusion of even small amounts of hematopoietic tissue m the 
radiated field in patients receiving radiation therapy would be of much greatet 
significance than ordinarily considered since most of such patients are suffering 
from malignancy or some other serious disorder which is associated with dcbihta 
tion As a further indication that the effect may be due to inclusion of hematopoi 
etic tissue in the radiated field is the well established fact that the leukopenia 
practically never results from radiation of the head in which case radiation can be 
given without inclusion of more than rmnimal amounts of active bone marrow 
Second, a spiecific indirect effect of radiation may exist, i e , some substance or 
substances may be produced directly and characteristically by radiation and then 
transmitted to parts of the individual that were not exposed to radiation Our 
experiments have failed to reveal such a situation Third, a nonspecific effect of 
radiation may occur, that is, radiation over a local area may produce certain non 
specific changes in the tissues exposed As a result of these nonspecific effects his 
tological changes may develop in some unexposed tissues and leukopenia possi 7 
be produced also It is again possible here that the nonspecific effects may 
greater in a debilitated than in a normal individual Our experiments have ai c 
to show the presence of any nonspecific substance capable of producing leukopenw 
We have not examined the tissues histologically but feel that the evidence in 
literature is sufficient to justify the assumption that these nonspecific hist^^g^ 
changes did occur at least in the normal animals which were being cross circ 


at the time their partner was irradiated . 

Substantial involutiotN of lymphoid tissue not itself directly injured as 
frequently observed as a nonspecific response to a wide variety of injurious 
Bardeen- in studying visceral changes occurring in patients dying of 
burns noted striking histologic changes of a degenerative nature m y 
tissues and commented on the similarity of these changes to those oun 
mentally after injection of ricin or diphtheria toxin These widesprea a , ^ 
in all the lymphoid organs of the body following burns have been 
by other investigators 6^ 37 3 Sinular changes and transient leu 
lymphopenia have been observed in mice subjected to dry heat in ’ 

pKisures Selye'’^ in what he has chosen to term the ^ j^phatic 

has described striking involutionary and degenerative changes in a t gjjQck, 
organs as a nonspecific response to a variety of insults (cold, J beg**’' 

drugs) Nonspecific damage apparently may result in atrophy o ^ ^ thym^ 
mng in the center of the Malpighian corpuscles, marked loss centers 

and lymph nodes, and, at times even complete disappearance o gef tissues 

in the latter Zcchwer” noted similar changes after injuring su stru^' 

by injection of formalin It is interesting that this involution o > 
tures does not occur in the adrenalectonuzed animal particu ar y 
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of recent investigations suggesting that lymphoid structures and possibly the 
lymphocytes may in some way be affected by the administration of adrenal cortical 
hormone In view of the above observations, it is possible 

that x-ray is merely one of many injurious agents capable of producing generalized 
involution of lymphoid tissue as a nonspecific response to local injury This, of 
course, is not to be confused with local involution and degeneration of lymphoid 
tissue directly exposed to radiation 

The question of whether or not a specific indirect effect of radiation exists must 
be regarded as unsettled It is our feeling that leukopenia, when it results from 
radiation, is probably due at least in part to direct exposure of some of the hemato- 
poietic tissue Ocher factors which may be operative are the general physical status 
of the patient, nutritional disturbances resulting from the effects of radiation to 
the gastrointestinal tract, general radiation sickness, and the amount and degree 
of total body irradiation resulting from scattered radiation We also feel that 
morphologic changes occur in certain nonexposed tissues (e g , lymph nodes, and 
thymus) We are not convinced, however, that these nonspecific changes produce 
leukopenia 


7 Summary 

I The general aim of the investigations here reported has been to obtain evi- 
dence for or against indirect’ ’ radiation effects 

L To this end, twenty-six successful cross circulation experiments (carotid to 
carotid anastomoses) have been performed between normal cats and radiated cats 

3 Cross circulation was established in most instances at some specified time 
interval after the radiation of one partner All intervals up to eighty-two hours 
after radiation of one partner were covered 

4 In seven experiments cross circulation was established and then one animal 
radiated while the other was shielded These were considered the most critical 
experiments of the group 

5 Detailed data on leukocyte and lymphocyte counts in the normal animals ob- 
tained during an approximately twenty-eight day period of follow-up are presented 

6 These data arc not considered to support the thesis of indirect effects peculiar 
to radiation A trend toward slightly lowered absolute lymphocyte counts in 
normal animals after cross circulation was not considered significant, and in no 
instance did leukopema develop in the normal animal 

7 The literature is reviewed and discussed 

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge the assistance of Mr Morey J Wantman and the Division 0/ 
Statistics for the statistical anal) ses and the valuable assistance of Miss Wilma Kujow ski in translating 
the foreign literature 


REFERENCES 

iAkaiwa, H , AND Takeshima, M The reaction of hmphoid ussue to roentgen radiation Am J 
Roentgenol 24 41-46, 1930 



6io 


EFFECT or RADIATION ON HEMOPOIESIS 


’Bardehn, C R a study of the visceral changes in evtensue superficial bums J Exper Md i 
501-5 14, 1897 

’Barnes, W A , and Forth, O B Studies on the indirect clTcct of roentgen rays in single and panht- 
otic mice Am J Roentgenol vP 66z-68i, 1943 

^Benjamin, E V , Reues, A , Sluka, E , and Schwartz, G Beitrage zur Frage dcr Einwirkimgda 
Rontgcnstrahlen auf das Blue Wien klin Wchnschr rp 788-794,1906 

’Bileings, F Discussion JAMA 79 67-6S, 

’Capps, J A, andSmith,] F Experiments on Icukol) tic action of the blood scrum of eases of Icakcimi 
treated with x-ray and the injection of human lcukol> tic scrum in a ease of leukemia J Exjrt Md 
p 51-63, 1907 

’'CuRscHMANN, H , AND Gaupp, O Ucbcr dcn Nachwcus dcs Rontgen Lcukotoxins im Blutc fa*i Ivm- 
phatischcr Lcukamic Munchen Med Wchnschr /a i409-i4ix, 1905 

’Dcmidvillc Lcs -variations du sang, specialcmcnt dcs globules Wanes par Ic traitement radiothcnpiquc 
Fortschr a d Geb d Rontgcnstrahlen 22 465-4S6, 1914-1915 

’Denstad, T The radioscnsitivity of bone marrow Acta Radiol suppl 71 7~^75> ^943 
•^’Dorn, j Expicrimcntcllc und histologischc Untersuchungen zur Frage dcr cheraischen Imitation dcr 
Strahlcnwirkung dutch Enzytol Strahlcnthcrap c 445-499,1918 
'iDouGHBRTi, T F , AND WiiiTE, A EfFccts of pituitary andrcnotropic hormone on lymphoid tissue 
Proc Soc Exfjcr Diol 8^ Med 79 131-133, 1943 

AND Influence of hormones on lymphoid tissue structure and function The role of the 

pituitary adrcnotrophic hormone in the regulation of the lymphocytes and other cellular clcfflcnis 
of the blood Endocrinol 1-14, 1944 

, AND Pituitary-adrenal cortical control of lymphocyte structure and function as recor 

bj experimental x-radiatioa Endocrinol 97 373-385, 1946 , 

^■‘Elmadjian, F , AND Pencus, G The adrenal cortex and the lymphoc) topenia of stress Endomno 


97 47-49, 1945 . 

’’Harris, H Myelogenous leukemia and its treatment with \-ra) s Am J M Sc 79^ 

’®Hsu, C L , AND Ma, W C Direct and indirect effects of roentgen radiation on the blood omn 
organs of rats Am J Cancer 9p 319-333, 1940 , 

’’Hossbi, R G The influence of x-rays on the properties of the blood J Gen Physiol 4 5 ”" 5 ’ ' 
’Tnglb, D j Atrophy of the thymus in normal and hypophysectoraizcd rats following admmistra 
of cortin Proc Soc Exper Biol & Med }8 443-444, 1938 
’•JoELX, J , AND Ferroux, R L action nocivc des rayons X sur lcs ussus vivants Est-c c un 

dircctc ou unc action indircctc"’ Compt rend Soc dc biol pa 67-70, 19x5 uj 

’’Keieneberger, C and ZoEPPRiTz, H Beitrage zur Frage dcr Bildung spezifischer to 
Blutscrum als Folgc dcr Rontgcnbcstrahlung dur Lcukamic, dcr Pscudolcukamic, un 
sarkoma Munchen Med Wchnschr 99 850-854 and 911-915, 1906 ff^cch'tl 

’’Kluge, L and Z-wbrg, H G l 5 bcr die Wirkung dcr Rontgen bcstrahlung auf den Minera s 
von mulnplcn Impfosarkomen dcr wcisscn Rattc Strahlcnthcrapic 46 193-310, 1933 
“Kornblum, K , Boerner, F , AND Henderson, S G The effects of irradiation on 

cells as determined by the blood count Am J Roentgenol 9p 135-160, 1938 ^ ^ 7-145, ’ 9 ’" 

’’Langer, H Roentgen raj s and the autonomic nervous system Am J Roentgeno phjsiol 

’’Lawrence, J S , Er-win, D E , and Wetrech, R M Life cycle of white blood cc s 

144 184-196, 1945 rr effects of roentgto 

”Le Blond, C P , and Segal, G Diffcrcntiauon between the direct and m ire -02^-306, ’ 94 ’ 
raj upon the organs of normal and adrenalcctomizcd rats Am J Roentgeno 97 d 

”Linser, P , AND Helber, E UcbcT dic Emwirkung dcr Rontgcnstrahlen auf as 

Kong f inncrc Med Wicsb 20 143-148, 1905 ((Quoted bj Capps and Smit ^ ^ ^o^ii, i 939 
’’Macht, D I Effect of roentgen rays on the toxicity of blood Am J 4! 44 ^ 

58 Pharmacologv of human blood after its exposure to roentgen rays Am J 

449, 1941 , ., ^ (larch Ron'S’’’ 

”Milchner, R , AND WoLPF, W Bemcrkungcci zur Frage dcr Lcukotoxin 1 

bcstrahlung Berliner khn Wchnschr XLUI, No 13, 747 - 748 , ’936 



J S LAWRENCE, W N VALENTINE AND A H DOWDY 


6ll 


^"MuRi’jn , J B , AND Sturm, E Effect of drv heat on the blood count in animals III Studies on lym- 
phoid activit} J E\per Med ap i-iS. 1919 

> Liu, j H , AND Sturm, E Studies on x-ray effects IX The action of scrum from x-rayed animals 

on lymphoid cells in ^ itro J Exper Med }s 373"384, 191-I- 
’ Musser, j H , AND Edsalu, D S A study of metabolism in leukemia under the influence of the 
\-ra) Tr A Am Physicians 20 194-3x3, 1905 

^’Narahara, W The source of the hmphoc) tosis induced b) means of heat J Exper Med ap 17-13, 
1919 

” and Murphx, j D Stud) on \-ra^ effects X The biological acuon of small doses of low fre- 

qucnc) \-rax s J Exper Med pp 475-486, 1911 

®*Ofitz, E Principles of radiothcrap) of carcinomata cspcciall) of uterme and mammary carcinomata 
Am J Roentgenol 10 3 11-3 19, 1913 

^XIegood, E E Is the action of roentgen rays direct or indirect Am J Roentgenol 4S 114-119, 
’■Pack, G T The patholog) of bums Arch Path i 767-805, 1916 

^®Petersen, W F , AND Saelhof, C C Selective organ stimulation by roentgen rays, En2ymc mobili- 
zaoon Am J Roentgenol S 175-178, 1911 

’®Rahm, j , AND Koose, W Em Bcitrag zum Wirkungsmcchanismus barter Rontgenstrahlcn Strah- 
Icnthcrapic ap 195-116, 1916 

’’^Reinhardt, W O , and Li, C H Depression of lymphocyte content of thoracic duct lymph by 
adrcncorticotrophic hormone Science loi 360-361, 1945 
■“Scott, S G A general sur\ey of radiotherapy in malignant disease Brit M J j 596-597, 1915 
■“Segal, G , and Le Blond, C P Reacuon d alarmc produite par 1 action des rayons X sur 1 abdomen 
chez le rat Compt rend Soc de biol rap 179-181, 1938 
^Selte, H Studies of adaptation Endocrinol 21 169-188, 1937 
The alarm reaction Canad M A J }4 706-707, 1936 

The general adaptation syndrome and the diseases of adaptation J Chn Endocrinol £ 117-130, 

1946 

■*’’SiNn?soN, M E , Li, C H , Reinhardt, W O , and Evans, H M Similarity of response of thymus 
and lymph nodes to administration of adrenocorticotrophic hormone in tHc rat Free Soc Exper 
Biol &. Med s 4 i35~i37> i943 

“Strumia, M M On the generalized effect of radiations m myelogenous leukemia Am J M Sc 
rjj 676-681, 1919 

^8 Studies in blood cell morphology and funcuon U Morphologic changes of the blood in myelo- 

genous leukemia under radium treatment J Lab &. Clin Med 10 106-111,1914 
“Szilard, P Studies on leukemia II Concemmg the action of roentgen rays Am J M Sc jyp 348- 
353. 19^7 

“V Pannewitz, G Becinflussung des Saure — Basenaushaltcs dutch Rontgenstrahlcn Strahlen- 
thcrapic 24 317-330, 1917 

Walters OFER, G Ueber die Einwirkung der Rontgenstrahlcn bci Lcukamic Berliner Klin Wchnschr 

77 589'59 i. 19^ 

8^Wei6kotten, H G Histopathology of superficial burns JAMA 72 159-161, 1919 
’’White, A and Doughertx , T F Influence of pituitar)" adrcnotrophic hormone on Ij-mphoid tissue 
structure m relation to serum proteins Proc Soc Exper Biol &. Med ptf 16—17, 1944 

” , and The pituitary adrcnotrophic hormone control of the rate of release of scrum globulins 

from hmphoid tissue Endocrinol ^6 107-117, 1945 
“WOENCKHAUS, E Bcittag zur Allgcmcinwirkung der Rontgenstrahlcn Arch f ex-per Path u Phar- 
makol ISO 181-197, 1930 

’'Zacherl, H Bcitrag zur AllgcmcinM irkung der Rontgenstrahlcn Strahlcnthcrapic i;, 171-187,1916 
’iZeckxver, I T Response to tissue in)ur) of l)mphoid tissue prcMOush altered b) castration, th\- 
roidcctom) , and th) roid feeding Proc Soc Exper Biol 6^ Med £0 66-68,1945 
‘'ZxxERG, H G Uber die Allgcmcinwirkung der Rontgenstrahlcn mit besondcrer Bcrucksichtigung 
ihrcs zcitlichcn Auftretens Strahlcntherapic 4s 197-306, 193’- 



NORMAL BLOOD COLfNTS IN DIFFERENT SEASONS 
By J Engelbreth-Holm, M D , and Aa Videbaek, M D 


B lood counts, like various other routine examinations, were introduced into 
clinical medicine a rather long time before their physiologic variations and 
the ranges of their normal values had been finally determined Hence, all statements 
of leukocyte counts and differential counts in normal individuals suffer from want 
of uniformity Sex and age, and perhaps even race must be considered Exercise 
and excitement bring about a conspicuous increase of the number of leukocytes,* 
whereas variations due to static changes are less significant ^ The alleged "digestive 
leukocytosis” has not been confirmed by modern investigations ® Further diurnal 
rhythms of the neutrophils have been noticed, ® presenting a climax in the afternoon 
and shortly after midnight Likewise, rhythmical variations have been observed 
showing maxima and minima within about one hour ® According to Friediander 
and Wiedemer,® the number of reticulocytes rises conspicuously during the months 
of spring, dropping to a low in the autumn, whereas, inversely, the hemoglobin 
and the number of erythrocytes show the lowest values during spring Further, 
these authors have stated that heliotherapy is followed by a rise in the number of 
reticulocytes, they therefore suggest that seasonal variations in the reticulocyte 
count must be due to changes in the intensity of sunlight 
In order to decide whether results of routine blood exanunations arc subject to 
seasonal variations worth mentiomng, we have carried out examinations four times 
during one year (in the months January, March, June and October) on 40 male and 
female healthy students of medicine determimng the hemoglobin per cent 
(Haldane), the number of erythrocytes and the number of reticulocytes (per one 
thousand erythrocytes), and the sedimentation rate, counting, in addition, white 
cells and eosinophils (Dunger), and making differential counts of 300 cells on 
cover glass smears The examinations were performed in the morning on venous 
blood, after half an hour of muscular rest, all the tests being examined by the same 


h dtf 

The hemoglobin value for both sexes drops to its lowest in October, ^ 
ference being statistically significant, reduction of the average figures is 
per cent, equally, the color index seems to be lowest in October, the num 
erythrocytes, however, being constant The highest reticulocyte numbers 0^^^ 
for both sexes in the most sunny periods of the year, the deviation being, 
not significant, whereas the sedimentation rate is found to be lowest in ju 
highest in October for both sexes The white cell count and that of their ^ 

present great variations although the averages vary but slightly and insigni 
It must, however, be kept in mind that the choice of the four months 0 
tion has been arbitrary, and contingent maxima might fall outside to 

The results present a conspicuous variation espcciaUy from one 10 
another at a given time of the year, whereas variations in the same person 

From the Finscn-Laboratorium” and the Umvcrsit7lnsututc of Pathological Anatomy, 



Table i — The maximal and minimal findings, and the average values of blood counts made on 40 males and ig females at different times of the year 
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BLOOD COUNTS IN DIFFERENT SEASONS 


at different seasons are less pronounced This indicates that physiologically some 
individuals have a high, and others a low leukocyte level The averages for thep 
males and females examined at different seasons will be seen in table i The 
seasonal variations which have been observed are less pronounced than the indi 
vidual variation at a fixed time of the year, m other words the seasonal variation is 
without significance to the estimation of the results achieved by common blood 
counts The present figures, thus, yield a basis of evaluaton of the normal average 
values for adult men and women The results may be seen'frThn table r, showing 
further the maximal and minimal findings, the marked standard deviation is 
illustrated in figure i Since each leukocyte group may present relatively high per 
cent values even with a low leukocyte total, and vice versa, there can be ascribed no 
special importance to the cell percentage which must be considered only as an aid to 


Table l — The maximal and minimal findings, and the average values oj bleed counts 


made on 40 males and 4^ females at different times of the ^ear 



Men 

Women 

Hemoglobin (per cent) 

96 

(78 - 

iix) 

8x 

(70 

- 100) 

Erythrocytes (millions) 

4 99 

(4 l8- 

5 96) 

4 35 

(3 75 

- 5 3 °) 

- I 07) 

Color index 

0 97 

0 

I 08) 

0 95 

(o 79 

Reuculocytes 

4 7 

(1 - 

10) 

4 4 

(i 

' 13) 

- n) 

Scdimentauon rate 

j 

L 6 

(1 - 

10) 

4 6 

(i 

White cells 

5870 

(33x0 -IX, 000) 

5500 

( 35 ^° 

-8110) ' 
-5810) 

- 4 ’-’-) 
-1070) 

-1-770) 

Neutrophils 

3310 

(1090 

6850) 

3190 

(1530 

Eosinophils 

iio 

(31 - 

510) 

170 

( 3 ° 

Monocytes 

540 

(II7 - 

1014) 

490 

(140 - 

Lymphocytes 

1800 

(980 

x6io) 

1640 

(1040 

Neutrophils (per cent) 

55 0 

(38 7 - 

74 5) 

57 4 

(41 4 ' 
(0 5 - 

- 75 7) 

- « 0) 

- 14 3) 

■ 45 °) 

Eosinophils (per cent) 

3 4 

(0 - 

10 0) 

X 9 

Monocytes (per cent) 

9 4 

(4 0 - 

14 0) 

8 9 

(5 3 ' 

Lymphocytes (per cent) 

31 6 

(11 3 - 

47 0) 

30 0 

(15 0 - 


the estimation of the absolute number of the different white blood cells A , 
cyte per cent of about 50, thus, may very well be normal, but this is conciusi 
when the absolute number is to be found within the ranges of 1000-3000 
drawn by Naegcli and Schilling,® ® zo-^5 per cent and zi-35 per cent 
therefore, must be considered too narrow, whereas the absolute figures co 
very well to the statements given by, c g , Boerner,^ Schilling,® and Saltzman^ 

IS, however, worth mentioning that the upper normal range of raonocy 
eosinophils is 1000 and 500 respectively According to the above cxaraina 1 
normal values for adult men and women are 


White cells 
Neutrophils 
Eosinophils 
Monoc) tes 
L) mphoc) tes 


3.000- 10,000 per cu mm 

1.000- 6,000 
50-500 

100 - 1,000 

1.000- 3,000 


of blood 
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lymphocytes 
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Fig I Showing Blood Counts tor 40 Men and 2.5 Women ExA^^NED 
Four Times during One Year 


The diagrams shou the percentage of all obsertations occurring \Mthm the different intertals 


Summary 

Report IS given of examinations carried out on 40 healthy males and 2.^ healthy 
females in the months of January, March, June and October, with determination of 
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BLOOD COmsTTS IN DIFFERENT SEASONS 


the hemoglobin, the number of erythrocytes and reticulocytes, the sedimentation 
rate, the white cell and differential counts The hemoglobin value appears to be 
lowest in October, the number of reticulocytes highest in June, the sedimentation 
rate lowest in June The remaimng figures present no exact seasonal variations 
Some individuals have a high leukocyte level, others a low one Normal values arc 
illustrated 
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EXOGENOUS HEMOCHROMATOSIS RESULTING 
FROM BLOOD TRANSFUSIONS 

By Steven O Schwartz, M D , and Sunoll A Blumenthae, M D 

H emochromatosis was first described by Hartman and Chausscr in i88z 
as “bronze diabetes” because of the association of skin pigmentation with 
diabetes mellitus Von Recklinghausen in 1889 showed that the pigmentation of 
the skin and viscera was due to deposits of hemosiderin and hemofuscin Hemo- 
chromatosis was considered quite rare, being clinically diagnosed only three times 
in 160,000 admissions to the Johns Hopkins Hospital, and on postmortem examina- 
tion only four times in 5,000 autopsied cases at the Bellevue Hospital There were 
less than 100 cases in the literature before 19x0 By 1935, Sheldon^^ was able to col- 
lect 3 II acceptable cases and at the time of the last complete review of the litera- 
ture in 1941^ there were 436, indicating either a growing incidence or, more likely, 
a keener awareness and consequently more frequent recognition of the disease 
Classically, hemochromatosis occurs in the male, the ratio being Z95 males to 16 
females in Sheldon's series It is practically unknown before the age of 10 and has its 
peak incidence between 45 and 55 years The fully developed disease presents (^a) 
an enlarged liver (caused by a hypertrophic cirrhosis), (b) a bronze pigmentation of 
the skin, which usually has a peculiar slaty blue or metallic appearance,*® (c) dia- 
betes mellitus of a severe type, and (d) a form of sexual hypoplasia characterized 
by impotence and an alteration of the hair distribution However, one or more of 
these features may be absent Pathologic characteristics are (i) the pigment de- 
position, Ql) the fibrotic changes, (3) the cellular degeneration in certain of the 
parenchymatous organs, this being the least prominent The disease is inevitably 
fatal, death resulting cither from the diabetes or from cirrhosis of the liver The 
life expectancy in Butt and Wilder’s® scries varied from one month to 13 years, 
averaging one and one-half years from the time the diagnosis was made Sheldon 
puts the figure considerably higher, stating that the average terminal period is i8_, 
years 

Anemia is very rare in hemochromatosis, the average blood values being 4 i 
million red cells and So per cent hemoglobin 

The two kinds of pigment found in hemochromatosis are hemosiderin and hemo- 
fuscin Hemosiderin is an iron containing pigment, deep yellow in color, the par- 
ticles varying in size from fine granules to larger masses which mai be t isible to 

From the Hcmatolog) Laboratot} and the Hektoen Insntutc for Medical Re<:carch of the Cook 
Count\ Hospital, Chicago, Illinois 

Aided bi a grant from the Wilson Laboratories 
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EXOGENOUS HEMOCHROMATOSIS 


the naked eye Hemosiderin contains about 55 per cent iron Its reactions are not 
typical for ferric iron and there is no reaction for ferrous iron Cook® considers it to 
be some form of colloidal ferric oxide physically combined with an organic sub- 
strate Hemosiderin is the predominating pigment of hemochromatosis and has on 
extreme affinity for gland cells of both external and internal secretion The greatest 
amounts are found in the liver and pancreas, but there is no secreting gland intk 
body that may not be affected Striking exceptions to involvement are the kidneys 
and the germinal epithelium of the testes The former has only a moderate degreeof 
pigmentation, confined in most cases to the convoluted tubules of the second order, 
while the latter usually escapes altogether Striated muscle is, but smooth musdc 
IS not affected In at least 90 per cent of the cases, the heart muscle is pigmented, 
often by large amounts Considerable quantities of pigment are found in the retie 
ulo-endothelial system They occur in the Kupffer cells of the liver, the alveolar 
endothelium of the lung, and in the spleen In structures where there is much pig j 
ment in the tissue cells, there is almost always pigmentation of the connective tis ^ 
sue as well, this being especially so in the liver and pancreas 1 

Hemofuscin is a dark, almost black, pigment which contains no iron It contains 
about 3 7 per cent sulphur and is probably related to melanin In hemochromatosis 
It occurs to a slight extent in the epithelial cells of the glandular organs, but with 
more frequency in the connective tissue, especially that of the spleen There is 
nearly always a large quantity in the heart muscle, but its site of election is the 
smooth muscle of the genital and alimentary tracts, and the smooth muscle 0 


arteries 


An invariable feature of the disease is cirrhosis of the liver, usually of the hyper 
trophic type The pancreas is also constantly affected, though usually Jess 
In contrast to the changes which occur in the liver, pigmentation and cirrhosis 
not always go hand in hand in other organs and there may be an advance mte 
stitial pancreatitis with only a small amount of hemosiderin The 
always shows some fibrosis as do the heart, thyroid and salivary glands f 
SIS, both in the liver and pancreas, has usually been considered the rtsttU ° 
tion produced by the iron pigment Sheldon, however, concluded that ^ 
processes, namely hemosiderosis and fibrosis, are independent of each ocher 
and Tamaki^^ agree with this view and emphasize the fact that fibrwis 
almost exclusively in the liver, pancreas and spleen, and is not found in ot 
in spite of the fact that hemosiderosis may be very severe in them cy 
that the excess of fibrous tissue in both pancreas and spleen is due to por 
tension Degenerative changes in the parenchymatous cells do not 
nent place apart from the direct mechanical damage to the cells by of 

fibrous tissue Even where there is no pigment it is common to see 
degenerated cells surrounded by thick rings of fibrous tissue arious org^^ 

Chemical investigation reveals a great increase of iron in the glands 

which may be 50 to 100 times normal in the liver, pancreas an ^ grams, of 
The total amount of iron in the body has been esamated at from zoco 
which as much as 38 grams has been found in the liver Spectrograp m 
revealed an increase of calcium in the tissues paralleling the increas 
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ceptions being the lung, trachea and urinary bladder, which have less calcium than 
the control tissues, but have a marked increase of potassium An increase of copper 
has been noted in most tissues, exceptions being the suprarenals and jejunum 
which have normal values, and the kidney which has less than normal 

Kelattoti of Homchmnatosis to Various Etiologic Factors 

Soper'*'* reported a typical case of hemochromatosis in a metal worker who was 
in contact with large amounts of copper, lead and zinc Creed*” had a man who 
drank wine from a barrel lined with copper, while Gray*” described the case of a 
copper miner Lawrence-” reported on the familial incidence of the disease in a 
family of nine siblings Of the 4 males, z had typical hemochromatosis, a third had 
a borderline case, while the fourth was unaffected Vitamin A deficiency with de- 
fective intestinal mucosa has also been postulated as possibly responsible ■*” 

Iron iretabolism in hemochromatosis Although studies made by Keilin”® in 19x6 on 
the tissues of a case of hemochromatosis did not reveal any obvious disturbance in 
the intracellular metabolism of iron, it is felt that the iron cytochrome is undoubt- 
edly subject to replacement in health as a result of the normal wear and tear of the 
tissues, and may be left in a form which the cells are unable to excrete when due 
for replacement This would also account for the increased copper, since Elvehjem*^ 
has shown that copper is necessary for the formation of cytochrome In normal 
individuals, iron is taken in the diet in amounts of from 8 to 10 milligrams daily, 
partially absorbed in the duodenum, and excreted in minimal amounts through the 
large bowel and the kidneys Iron is stored in the liver and only a slight trace is 
excreted in the bile The body normally contains less than 5 grams of iron, more 
than half of which is in the hemoglobin In hemochromatosis, the body excretes 
some iron in the stools, but none in the urine or bile The iron accumulates in the 
body,* as much as 58 grams having been reported 

The dietary intake of the average individual would provide enough iron for nor- 
mal blood formation with an excess of from 15 to 50 grams by the age of 45 or 50 
if the disease were congenital If this were so, one might even expect to find cases 
with a familial incidence Such have indeed been reported,**® but for some reason 
have attracted little attention 

Howard and Stevens,®® McClure,®* Fowler and Barer,*'* and Dry’* have all shown 
that iron absorption is no greater in hemochromatosis than in normal patients 
Fowler and Barer however, had an early case which did demonstrate increased ab- 
sorption over a short period of study Marble and Smith, in 1939,®® gave iron to a 
patient with hemochromatosis for a twelve day period Absorption was i S milli- 
grams p>er day, the same as in a normal control Sachs, Levine and Griffith*’ showed 
the average normal whole blood iron to be 50 micrograms, and copper to be o 13Z 
micrograms per 100 cc In their 3 cases of hemochromatosis the values for whole 
blood iron ran from 37 to 44 micrograms and copper from o 130 to o 156 micro- 
grams They thought that the low iron values were due either to the slight anemias 
which were found in all 3 cases or that the increase in the deposition of iron in the 
tissues tended to reduce the quantity of circulating iron 

E\perimenta! Hemochromatosis Muir and Dunn, in 1915,®® produced a rapid he- 
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molysis in rabbits by injecting an immune body intravenously They demonstrated 
that most of the iron resulting from destruction of the red cells was deposited m 
the liver, spleen, and kidney on the fourth and fifth days After the nmth day these 
organs contained little over the normal amount of iron Rous and Oliver, in 1918,'' 
injected rabbits with rabbit blood for several months without producing hemo- 
chromatosis They did, however, demonstrate hemosiderin deposits m the live 
Mallory, in 1511,^- gave rabbits copper acetate for as long as eleven and a hall 
months He produced pigmentation, similar to hemofuscin, and cirrhosis m thr« 
rabbits He believed that hen^ofuscin is changed to hemosiderin in some way and, 
after saturating the liver, is deposited in the pancreas, adrenal, thyroid, spleen, 
heart, skin and stomach Poison, in 192.9,®^ gave rabbits dialyzed iron intraven 
ously for three months and then sacrificed them one week to fourteen months later 
He demonstrated that the iron moved from the lungs to the liver via the spleen 
No evidence of cirrhosis or hemochromatosis was noted in the liver Cappell, m 
1930,^ gave colloidal iron to rabbits and showed that the iron was taken up by the 
reticulo-endothelial system, later entered into loose combination with plasma pro- 
tein and passed into the liver, kidney and spleen, there was none in the panaeas 
Taylor, Stiven and Reid, in 1931,“*® induced hemochromatosis by depancreatizing a 
cat, and giving it a poorly balanced diet This was the first recorded experimental!) 
produced hemochromatosis Poison*® later extended his original experiment an 
gave iron subcutaneously and intraperitoneally for periods ranging from one to 
four years Hemosiderin was deposited in the tissues, but no cirrhosis or hemo- 
chromatosis were produced Menkin in 1934®^ gave intravenous injections or err 
chloride to rabbits for a number of weeks and produced hemosiderosis, shoiving 
that hemosiderin is not solely a product in the degradation of the hemog 
but may result from a release of iron in the body fluids In 19465 Herbut, 3 > 

and Perkms*” showed that in t of their 30 rabbits with alloxan diabetes there 
an associated cirrhosis of the liver, and to a lesser extent of the pancreas 
the first time, two of the three important manifestations of hemochromatos^^^^^ 
noted, produced experimentally in animals by a single agent The third 
tion, namely hemosiderosis, was produced by feeding reduced iron to the surv 
diabetic rabbits 


Kelafiofjship of Hemochromatosts to lActaboltc Diseases ^ 

In 1945, Gillman, Mandelstam and GiUman^® pointed out the 
hemochromatosis to nutritional disturbances in pellagrins Their stu 
upon histologic examination of 500 liver biopsies in South African na 
emphasize m subsequent studies^® that the excess of iron in the liver cc 
siderosis (hemochromatosis) can arise in only a limited number 0 
by the increased mobilization of iron from the red corpuscles an utiJiza 

stores, by increased absorption and diminished excretion, and by a jpog 

non with normal absorption Excessive destruction of the red b 
been regarded as a potential cause of cytosiderosis of the liver n per ^^^^1 jria, 

and the hemolytic anemias, there is hemosiderosis but no cirr os 
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the liver and KupfFer cells are loaded with iron pigment but cirrhosis is absent ® 
In attempted experimental hemochromatosis, by the parenteral administration of 
colloidal iron to animals, the reticulo-endothelial system first becomes heavily 
laden with this metal, and only after a period of days or even months do the liver 
cells begin to accumulate iron From this it may be concluded that the iron first 
accumulates in the Kupffer cells and only later does it appear to any extent in the 
liver cells It has been suggested that cytosiderosis is in all probability due to a 
disturbed intracellular metabolism affecting the mitochondifia, induced in some 
inexplicable way by a poor diet Kremer^® has shown an increase in the iron pig- 
ment in the liver of hibernating and starving frogs, Gore,^^ m 1939, reported the 
occurrence of pellagra and hemochromatosis, Taylor, Stiven and Reid'*® produced 
cytosiderosis in the cat by a badly balanced diet, and the Gillmans*® have further 
focused attention on this relationship 

In reviewing 115 autopsicd cases of cirhosis of the liver, Herbut and Tamaki-* 
found that ix had diabetes mellitus They brought out the fact that various com- 
binations of cirrhosis of the liver, pigmentation, fibrosis of the pancreas, and dia- 
betes mellitus do occur, and that the gradations from one to the other are so subtle 
that It IS often difficult to know exactly when to apply the term hemochromatosis 

The deposits of hcmofuscin are explained as part of a general disturbance of the 
metabolism of melanin, a pigment similar to hemofuscin The hemosiderosis of the 
adrenals may in some way be related to this The cause is probably ultimately re- 
ferable to the abnormal metabolism in the parenchymatous cells and it is probably 
for this reason that sclerosis of some degree develops in so many of the organs and 
seems to vary in intensity with their levels of metabolism 

Association of Hemochromatosis with IMultiple Blood Transfusions 

The first case of hemochromatosis associated with multiple blood transfusions 
was reported by Kark in 1937 This occurred in a 39 year old male who had re- 
ceived over 190 transfusions during a period of nine years Bomford and Rhoads- 
reported 3 cases of a series of approximately 60 patients who had refractory ane- 
mias ” They were as follows a 51 year old male who received 13 transfusions in 
one year, a 38 year old male who received ix transfusions in sixteen months, and 
an 18 year old male who received 38 transfusions in five years MacKey®* reported a 
case of hemochromatosis'in a 50 year old male who had received 39 transfusions in 
three and one-half years Zeltmacher and Bevans'*® reported a 65 year old male who 
received 12. 8 liters in one year Humphreys and South worth-® reported a 58 year 
old female who had 51 transfusions in twenty-two months Chesner reported a 14 
year old boy who had ix transfusions over a period of nine months The present 
report adds 5 cases a 47 year old Negro female who had 75 transfusions in a p>eriod 
of four and one-half years, a 37 year old white female who had 65 transfusions in 
nine months, a 19 year old white female who had 2.1 transfusions in nine months, a 
73 year old white female who had xt, transfusions in two jears, and a 49 )ear old 
white female who had 58 transfusions in uvo years, bringing the total number of 
reported cases to 13 
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Discussion 

Hemochromatosis is a metabolic disease characterized primarily by an abnor 
mally great retention and deposition of iron throughout the body The iron is dc 
posited in the form of hemosiderin It has the greatest affinity for gland cells but 
nearly all tissues are ultimately affected Two explanations, neither mutually ex 
elusive, might explain the mechanics of the disturbed pigment metabolism accoid- 
mg to Sheldon Thus, ‘ ‘both pigments (hemosiderin and hemofusem) might be tk 
result of a disturbance of the normal changes in intracellular chemistry -which ait 
dependent on the process of ageing of the cell, or the hemosiderin might be due 
to an anomaly in the metabolism of the intracellular respiratory pigments whereby 
though themselves of normal structure, the iron involved in their wear and tear 
IS able to enter the cell without hindrance in either normal or increased quanat)' 
but becomes so altered while in the cell that it cannot be excreted, and consequendj 
accumulates until the cell is distended to bursting point ” Regardless of the patho- 
genesis of endogenous hemochromatosis, it is evident from animal expenments 
that the administration of iron parenterally results in its deposition m excess quan- 
tities, first in the reticulo-endothelial system and later in the parenchymal cells 
Though this IS sequentially the reverse of what supposedly happens in endogenous 
' hemochromatosis the end results appear to be indistinguishable Once extensive 
hemosiderosis occurs, the remainder of the picture develops as a consequence of the 
irritation of the foreign substance, and whereas the hemosiderosis m itself is appar- 
ently innoccuous, the secondary fibrosis it produces is ultimately fatal Fibrosis o 
the pancreas and the resultant diabetes with its complications account for about 
50 per cent of the deaths while the fibrosis of the liver accounts for about 18 pef 
cent (due to hematemesis, hepatic failure, and liver carcinoma) 

It IS not the purpose of this paper to evaluate the etiologic theories of endogeno'^^ 
hemochromatosis Suffice it to say that the question relating to the ultimate cause 
of the iron retention has so far remained unanswered It seems to us that the on ) 
nlttmatt cause can be increased absorption of iron from the gastrointestinal tract ct 
this absorption in turn is dependent upon an increased permeability of the cc s 
the gut, or an increased absorptiveness due to a low scrum iron, as the -wor 
Sachs, Levine and Griffith-*^ would indicate, cannot be concluded from , 

available evidence Nor is it as yet clear, should this finding be 
whether this is a primary defect or secondary to an increased avidity 0 
parenchymal cells for iron It is certain, however, that simple blood 
cannot explain hemochromatosis cither theoretically or on the basis 0 c ^ 
or experimental evidence, since it is known that conditions characterize 
creased blood destruction and hemosiderosis (such as hemolytic anemias, m 
pernicious anemia, etc ) are not accompanied by fibrosis orcsent 

If we postulate, as indeed we must, that an increased amount of of 

before hemochromatosis can occur, then, theoretically at least, any oijr 
the organism with iron should result, at first in hemosiderosis, an ^ 
hemochromatosis The animal exq^enments referred to above bear out ^ 

SIS and probably failed to produce the complete picture because o msu 
and/or inadequate time 
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Considering the rarity of hemochromatosis, the development of this disease in 
anemic patients who have had multiple transfusions appears to be more than simple 
coincidence It is possible that the disturbed intracellular metabolism resulting 
from the anoxia due to the anemia may be contributory, making proper disposal of 
the iron pigment impossible Thus, there would be an accumulation of hemosiderin, 
with eventual fibrosis added to the previously deranged cellular metabolism 

Theoretically, hemosiderosis should be producible in many ways and by any 
means which will increase the iron in the body over physiologic storage levels 
This should be more readily accomplishable in the male whose iron excretion is 
much more limited than that of the female Perhaps this is one of the explanations 
for the remarkable disparity between the incidence of hemochromatosis in the two 
sexes The female has the opportunity, by pregnancies and menstruation, to lose 
quantities of blood which would tend to keep the accumulation of iron down to a 
point where, at least until the menopause, the hemosiderosis would be retarded 
The age incidence of the disease, too, fits this concept, since to develop the full 
blown disease at the age of 50 (assuming the condition to be congenital) there 
would have to be an average daily excess positive iron balance of from only i to x 5 
milligrams 

Many more transfusions would have to be given, to administer enough iron to 
compare quantitatively with the amounts demonstrated in hemochromatosis, than 
the numbers either in our own cases or those previously reported, since a transfu- 
sion of 500 cc of blood contains approximately only z5o milligrams of iron A 
satisfactory explanation for the recovery of 45 grams of iron in the liver in Chesner s 
case,® after having received a total of 6 liters of blood or x 75 Gm of iron, on the 
basis of retention of transfused iron is still difficult to answer We must, therefore, 
search for other factors which might be operative Poor nutrition has been incrimi- 
nated both climcally and experimentally, but we have no evidence of this in the 
present series The only common denominator of our and other reported cases is 
anemia, regardless of type, for which the transfusions were given As has been men- 
tioned before, it is not inconceivable that the anoxia due to the anemia plays a 
contributing role by disturbing the intracellular metabolism, and thereby making 
the cell more susceptible to the deposition of iron Significant additional amounts 
of iron are made available to these patients by oral administration which is uni- 
versally done in the attempt to combat the anemia 

That the cases under discussion differ from the classic idiopathic hemochroma- 
tosis IS indisputable It is, however, worthy of note that there are enough of the 
prime features in common to suggest that these cases represent intermediate or 
early forms which in time would probably show more and more of the classic fea- 
ture of the disease, since the tj’pical case differs only in degree and extensneness 
Whereas classic hemochromatosis is characterized by fibrosis of the Incr, pigmenta- 
tion of the skin, diabetes mellitus, and sexual h^’poplasla, of the cases rcMciNcd 
here only x had clinically demonstrable diabetes and onh 5 had skin changes 
worthy of note There was no significant sexual hiyioplasia in am of the cases 
However, in 9 of the 13 cases there was a significant enlargement of the Incr, and 
in all IX of the 13 cases in which either autopsi or Iner biops\ as ere obtained a 
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EXOGENOUS HEMOCHROMATOSIS 


hemosiderosis and fibrosis of the liver were found Of equal importance was the 
finding of both hemosiderosis and fibrosis m all ii cases where pancreatic tissue 
was examined In the thirteenth case, only a skin biopsy was obtained 
It seems important to recognize that in dealing with simple hemosiderosis, exog 
enous hemochromatosis with secondary fibrosis, and hemochromatosis of the idio- 
pathic type we are dealing with varying gradations of the same aberration From 
observations made in our own cases, together with the findings of previous investi- 
gators (both clinical and experimental), it may be concluded that the deposition of 
excess amounts of iron will lead to irritation, fibrosis and ultimately to destruction. 
Whether this is precisely the sequence of events that occurs in hemochromatosis is 
unknown and seems to be somewhat controversial It is not unlikely that other 
factors besides the simple deposition of iron may be responsible for the fibrosis We 
are, of course, dealing here with a highly selected group of cases, all of whom had a 
profound anemia which undoubtedly damaged the liver parenchyma as well as the 
parenchyma of other organs, especially those with high metabolic needs It is im- 
portant in this connection to re-emphasize the fact that the organs most involved 
in hemochromatosis are those with high metabolic levels and oxygen consumption 
The factor of hemolytic transfusion reactions, not by virtue of hemolysis but be 
cause of the accompanying fever and further parenchymatous tissue damage, may 
well have been an aggravating circumstance Although this was not of universa 
occurrence its importance cannot be minimized 
One of the striking dififerences between the cases here reviewed and those o typi^ 
cal hemochromatosis is the marked diflference in the ratio of males to fema es 
endogenous hemochromatosis, the ratio is about xo to i m favor of males 
present series, there are 7 males and 6 females, while in our own series a 5 
females Of further interest is the fact that, whereas the classic picture is pracuc^ 
unknown before the age of xo, there were 3 cases in the present group between 

and XI years of age u asc 

Fully developed hemochromatosis, showing all the manifestations of t c 
will undoubtedly be encountered in time because of the increasing ut 
blood transfusions and the greater longevity of patients having hemato 
crasias There seems to be a definite relationship between the degree o 
SIS and fibrosis and the factors of time and number of transfusions By an ^ 
the patients receiving only relatively few transfusions or transfusions ov 
tively short period of time seem to show the least involvement, w 
who receive many transfusions over long periods of time (cases i, 4 > 5 > ^.j^gforc 
table i) will have the greatest amount of involvement It is obvious 
going discussion that patients to whom blood is given for the purpose 
lost blood will have no tendency to develop hemochromatosis since 
sunply being replaced as it is lost from the body ^ ^ metabolic 

Our own interpretation of endogenous hemochromatosis is t at 1 
disease in which excess amounts of iron are absorbed from c breakdo''’^ 
tract Whether this excess iron is absorbed due to the fact that t gjthcr 

of the barrier in the gut or whether there is an abnormally y,c arc 

as a distmct abnormality or due to the avidity of various tissu 
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nv \ct iinprcpjrai lo sn In tlm>>c c iscv where iron is introdiiectl into the body 
jsircntcrilh citlicr in i free or combined stitc(is in tlic form of red tells which arc 
cventvnlh broken down t<> licinoqlobin'^ uni bctomes stored, it is gradual!) laid 
down in the \ irimis sionqc dejMUs because no iiieelnnism of excretion exists 
When the storaqc dej'ots bceome o\ erfilled the p irentln imtous cells, which under 
nornni tirtumst uncs do not eont iin iron, w ill tike up the excess We believe that 
this s-iinc set)ucncc of events tneurs m endogenous hemochromatosis and hence the 
grcitcr incidence in miles uul the rcison for the occurrence of the disease in later 
life 

It IS worthv of note tint the underhing diseisc for which the transfusions arc 
given Is not of prune importune Diiqiioscs included true iplistic anemia, pscudo- 
iplistic inemn, chroim uremii, ind others In this connection it is pirticularly 
notevvorthv tint there is never i siqnilicint incmi i in the classic hemochromatosis 
Therefore, the nssum]stion tint these cases hid hemochromatosis and w'cre compli- 
citcd b\ inemn, for which in turn the truisfusions were given, is fallacious 

Tile therapeutic suqqcstion of venesections and iron deficient diet presents itself 
in the miniqement of hemochromitosis It is not thought that this regime will be 
cunrive, but miv serve, b\ reducing the hemosiderin deposits, as an ameliorating 
factor in the course of the disease 


CaSL Rl POUTS 

Ctf/f i Mjnhn P 

Patient ua< a ^car old uliitc feiinlc uJio entered the hospital with a histor) of weakness, 
d\spnca, headaclics, anorexia, 'ore throat and 'ore tongue, generalized pruritic 'ca]\ dermatitis, and 
recurrent bout' of epi'taxi' for a \ear Past hi'torx rexealed tliat she had scarlet fexer during childhood 
and frequent sore throats subsequentlx During the xear preceding admission she had been treated xvith 
iron for anemia On examination she xxas found to he poorlx dexclopcd, but xxell nourished The skin 
xxas coxcred bx a pale, tan, finelx scah , tmculn papular eruption inxolxing the trunk and extremities 
Blood pressure xxas 110/60 The temperature xxas normal Transitorx attacks of txxicching and conxml- 
sions xxith mental aberrations were noted Significant laboracorj findings on admission xxerc Hgb , 
44 per cent, RBC, 1 14, WBC, 6,500, polx s. Si (bands i), eosinophils, i, l)mphocx tes, 10, monoqies, 7 
The red cells shoxxed slight anisoex tosis and poikiloc) tosis, the granuloc) tes, slight toxicit) Urinaljsis 
albuminuria 1 plus, xxith 15-10 WBC and occasional RBC per HPF NPN, 304 mg per 100 cc , creatinine, 
16 7 mg per 100 cc , total proteins, 7 1 Gni per 100 cc , scrum calcium, 5 6 mg per 100 cc , inorganic 
phosphorus, ii 1 mg per 100 cc Marroxx xxas relatixel) acellular and consisted mostl) of granulocytes 
xxhich shoxxed a right shift She xxas gixcn Blaud s pills, multiple xitamins, intravenous fluids, and 
sodium and calcium therap) 

During the next scxcral months she xxas in the hospital on three other occasions During these, 18 
transfusions of 500 cc blood xxerc gixcn The final admission xxas eight and one half months after the 
first because of an exacerbation of the uremic s)mptoms of xveakness, nausea, anorexia, skin rash and 
cpistaxes The blood pressure had risen to lyx/iiS There xxerc rales at both Jung bases, an ascites, a 
palpable, tender liver 4 cm beloxv the costal margin, and ankle edema The urine noxv had 4 plus albumin 
Hgb , 50 per cent, RBC, 3 01, WBC, 6,000, polys, 83 (bands 13), eosinophils, i, lymphocj'tcs, jz, 
monocytes, 4 NPN, 161 mg per 100 cc , creatinine, 14 8 mg per 100 cc , calcium, 7 5 mg per too cc 
She gradually became more stuporous and died in uremic coma nine months after first entering the hos- 
pital Three additional transfusions of blood xvcrc given during this admission 

On postmortem examination, bilateral hypoplastic kidneys were found These shoxxed a chrome 
recurrent glomerulonephritis which xvas chiefly intracapillary There was also hypoplasia of the renal 
artencs and the aorta In the liver (1,665 Gm ), there was marked hemosiderosis with reacave periportal 
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Fig 2 . Lucr, showing slight increase m connective tissue C^allorj stain) Cast I i6oX 

pancreatitis Ocher findings were the marked hypertrophy and dilatation of the heart, p 

thora\, ascites, anasarca, uremic pericarditis, beginning uremic colitis, and hemorrhagic m 
lower lobe of the nght lung 
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Cov.v.cht Tins 19 \cir oKi mrl Iinl i severe .inenin sccondir) to chronic uremia 
Dunnt: ilic nine moinli ohscr\ition i\:rioil, she recened 2.1 transfusions of 500 cc 
blood in addition to lerrothcr ip\ llerlnei, lungs, hinph nodes and spleen showed 
hemosiderosis Theincr houever alrcadt h id some i^riportal fibrosis at the time 
ofdeith It iN dillKuh t 1 sa\ w hether the p mere ititis u as p irt of the pieturc There 
were no skin ehanges or diabetes in thiscise It is of great interest that periportal 
librosis should be dcmonsinble as earh as nine months after the start of transfu- 
sions There is nothing in the underh ing diseise which in itself should have pre- 
disposed this patient tti Incr d image or fibrosis other than the anemia and the 
hemosiderosis 


Cjjf . Kfr 4 11 

Patient \\a^ a 75 \ car tilii nliitc female a\lt<><-c mam complaints were wciLncss for fi\c months, fatigue, 
and pins and needles •■cnsations m flic finrcrtips for four weeks Sonic dtspnea on exertion, coldness 
of the feet, Isckhing after meals a dr\ tongue, and an 11 pound weight loss had also been noted Past 
bistort was noncontiihiitotv On csamination slic was found to he well detelopcd and well nourished, 
pale, and with a \cllowish tint of the si m The tongue was coated There was a loud, rough, ststolic 
murmur heard at the apes, whitli was transmitted to the neck and axilla The blood pressure was 135/70 
There was some tenderress m the left upper quadrant Lixer was felt 1 centimeter below the costal mar- 
gin Large \ aricositics were noted in the lower extremities There w as an ank\ losis of the left hand on an 
orthopedic basis Significant laboratort data were negatixc urines, stools and serologic findings Gastric 
anahsjs after subcutaneous histamine free acid ij”, total acid, 50° Normal DMR and EKG NPN, 19 
mg per 100 cc , blood sugar. 77 mg per 100 cc , cholesterol, i iR mg per 100 cc , cholesterol esters, 70 
percent \ rats Gallbladder showed good d\ c concentration and the roentgenologic examination of the 
gastrointestinal tract vsas negatnc lllood count on admission was as follotts Hgb , 50 per cent, RBC, 

1 7X, WDC, 9,000, poh s, 5(1, eosinophils, t, 1 \ mphs, jq, monoct tes, 8, anisoct tosis, 1 plus, macroc} tosis, 
4 plus Platelets, 1 10,000, fragilitv test, normal Marrow h\ poccllular, with marked diminution of both 
era thropoicsis and granulopoiesis and increase in hmphoid elements She reccned liter extract and one 
blood transfusion without benefit during her four week hospital sta) 

She was rehospitalired nine months later and on this admission it w as learned that she had been taking 
phenobarbital ctert night for the preceding eight months, and on and off for the pretious six jears Her 
sjmptoms were the same as before but her arthritic pains had increased and a rash had appeared over 
the back and shoulders She was again extensixclt studied, receited two transfusions and was sent home 
after four xsecks There were four other admissions, the last one twent) -three months after the first 
This admission was because of a pneumonia and pjclonephritis Fixe blood transfusions were given 
during this admission, but despite these and other supportixc measures she progressively failed and died 
two and one half months later She had reccned a total of 2.3 blood transfusions during the two years of 
observation 

On postmortem examination the following pertinent findings were noted hy'poplasia of bone marrow, 
hemochromatosis of Incr, spleen and pancreas, icterus xxith purpura, left pyelonephritis with cortical 
abscesses, moderate coronary artery arteriosclerosis with myocardial fibrosis, healed endocarditis of tri- 
cuspid, mitral and aortic valves, old pleuritic adhesions (rt ) with Durchwandrung perihepatic ad- 
hesions 

Comment This 73 year old patient was studied over a two year period, during 
which time she received i3 blood transfusions Many of the transfusions were fol- 
lowed by severe febrile and hemolytic reactions, which, in retrospect, were prob- 
ably due to the then unknown Rh factor What aggravating role these reactions 
played it is impossible to say, but they may have produced enough liver damage to 
have at least contributed to the ultimate fibrosis of the liver and other organs It is 
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not thought significant that the blood was rapidly destroyed during these rcacuons 
rather than in the normal way There is no evidence to indicate that the undcrlj-ing 



Fig 3 Pa^>creattc Fibeosis (H axu E Stajv) Case z 310 X 



aplastic anemia was in any direct way related to the hemochromatosis This p 
had no clinical evidence of diabetes or skin mvolvcmcnt 
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four months before her present hospital admission she had received ii transfusions for anemia at a povitc 
hospital Except for a right sided oophorectomy in 1917, her previous history and family history wet 
noncoambutory She took milk of magnesia quite frequently and occasionally aspirin for headaches 
She was found to be well developed and well nourished The skin was pale and had a slightly icteric hoe 
There were a few small discrete submaxillary lymph nodes, a marble sized node in the left axilla, aadi 
few palpable nodes in the inguinal region The heart was enlarged to the left A soft systolic mumm 
was heard at the apex and there was a sj stolic murmur at the base The liver was moderately hard and 
could be felt 3 cm below the costal margin The spleen was felt z cm bclou the costal margin 

Laboratory findings of interest were the following Hgb , 36 per cent (5 6 Gm ), RBC, z 50, WBC, 
7,900, polys, 59, lymphs, zy, monocytes, 13, eosinophils, i Platelets, 170,000 Urines, blood scrologr 
and stools negative Serum protein, 7 4 Gm , inorganic phosphorus, 4 7 mg , acid phosphatase, 0 
Icterus index, 9 EKG slightly' abnormal, with left axis deviation Sternal marrow revealed an extraor 
dinary cellularity', the megakaryocytes were normal, granulopoiesis was intact, erythropoicsis was 
accelerated to a remarkable degree and showed a marked left shift with very primitive erythropoicsis 
predominating X-ray's of the bones and the gastrointestinal tract were negative The chest tray 
showed a boot shaped heart and accentuated hilar markings bilateraly, but otherwise lung fields were 
normal 


She was given 6 blood transfusions during a period of eighteen days, and was discharged, sigmficantly 
improved both clinically and hcmatologically No satisfactory diagnosis was established 

She was readmitted six months later because of a recurrence of weakness There were no significant 
changes in her physical findings The blood findings now were Hgb , 36 per cent (5 6 Gm ), RBC, 1 71, 
WBC, 10,400, polys, 49 (bands 37), myelocytes, z, metamyelocytes, 10, eosinophils, 1, basophils, i, 
irritation cell, i, lymphocytes, 18, monocytes 18 This time'shc received 8 blood transfusions during a 
three week period 

Two months later she was admitted to another hospital Her liver now wasp cm and thespletnfcm 
below the costal margin Hgb , Z3 per cent (3 6 Gm ), RBC, i 40, WBC, 6,300, polys, 63 (bands 45), 
lymphs, 9, monocytes, 6, basophils, i, myelocytes, 10, metamyelocytes, ii BMR was + 4 ° Otherwise, 
nothing new was found Despite a total of zo blood transfusions during this four month hospiiahwt'o® 
her blood count still remained quite low 

Thirteen months after her first hospitalization she entered still another hospital Here she rccen 13 
more blood transfusions and splenectomy was performed Her postoperative course was storm) , 
developed pleural effusions and an hemopericardium, and died about six weeks later Most sigm ta 
single contribution clinically during this hospitalization was the discovery of a mild diabetes 

Postmortem examination revealed a pigment cirrhosis of the liver, hemosiderosis of the liver, sto > 
adrenal glands, and lymph nodes There was an interstitial fibrosis of the pancreas with extraor lO 
large amounts of hemosiderin deposits involving especially the islands of Langerhans The mawo 
hyperplastic and the extirpated spleen showed myeloid metaplasia Other findings were a fatty eg^^ 
aon of heart and kidneys, subacute fibrinous pericarditis, chronic abscess of left upper qua ran 
abdomen, left pleural effusion, and septicemia (staphylococcus aureus) 


Comment This 49 year old woman was studied at four institutions during 
years of illness Every conceivable diagnosis was made and all types o t e 
used in hematology were tried without success Even postmortem 
failed to explain the cause of her anemia, or cast light upon the type o matu 

failure seen in the primitive erythrocytes r ui d nst of them 

During the two years of study she received 58 transfusions of bloo , m 
uneventfully Of greatest interest in this patient was the recognition o 
betes some time before her death, explained pathologically by the arge a 
hemosiderin deposits in the islands of Langerhans and by the g^ancl), 

creas She had extensive hemosiderin deposition m most organs an , g 
cirrhosis of the liver This patient s skin was quite dark, ^ of 

during her last few months Unfortunately no skin biopsy was 
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the disadvantages of retrospective investigation It may also be said in retrospect 
that the splenectomy was not justified since the enlargement of the spleen was ap- 
parently secondary (due to compensatory extramedullary hemopoiesis) rather 
than the cause of the anemia (This case has been previously published 

Case 4 Jean B 

Paucnt was a 37 year old white female who entered the hospital because of malaise, fatigabilityj- 
dyspnea, ankle edema and palpitation for one month She was actively bleeding vaginally on admission 
and had just been discharged from another hospital where one blood transfusion was given For tt\ent} - 
three years she had had menorrhagia lasting from one to four weeks, associated with dysmenorrhea for 
which she frequently took Anacin and Midol There had also been many nose bleeds during the 



Fig 7 Periportal area showing increased hemosiderin pigment deposition (H and E stain) case 4 

160 X 


last several months The patient w'orked in a pie factor) most of her adult life She had had an appendec- 
tomy and had never been pregnant, denied basing had svphilis or basing rccciscd anti-Iuctic thcraps 
She ssas svell developed and ssell nourished, and appeared pale and sseak Thehairssasd cd The pupils 
ssere equal but asymmetrical and did not react to light or accommodation There ssas a loud, blossmg 
s)stolic murmur heard at the apex and base of the heart Neither the liser nor the spleen were palpable 
The extremities ssere cosered b) numerous large ecchsmotic areas A lemon sized csstic mass ssas pal- 
pated in the left adnexa, and the uterus ssas in the cul-de-sac 

Onl) laboratorj findings of significance were the negatise serologic tests for ss philis the hematologic 
findings, and the marrosss The blood rescaled Hgb , 44 per cent (6 8 Gm ), RBC 2. 34 EC ^,150 
pol> 65 (bands 2.5), l)mphocs tes, 17, monocs tes, 8 Platelets, 7,000 (tsso das s after bhxid tranvfusion) 
Eternal marross ssas replaced bs fibrous tissue 

During the first three weeks in the hospital, 1, 300 r units of Roentgen radiation were giscn to the area 
of the pels IS follossing sshich the uterine bleeding stopped She also reccised blood tranTuMons which 
elesated her count to Hgb , 67 per cent (10 4 Gm ) RBC, 4 S2, WBC, 3,050 For the rest se\ cral r’o"th'' 
her condition ssas fairls good except for an occasional transfusion reaaion In fisc months she had rc- 
tciscd 44 transfusions, in spite of sshich her count had been gradualls dropping beinc Hgb p-r ce^t 
RBC o 93, \\'BC 900 at this time From this point her condition slow Is dcterio’-atcd Tr-- i n -ea^ 
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taons became quite frequent, even with washed red cells, epistaxes became troublesome and required 
packing, pctechiae and ecchymoses became more numerous 

Eight and a half months after admission, following her sixty-fifth transfiision, she developed 1 
thrombophlebitis of the left arm In spite of the usual methods of therapy, the process continued to 
spread and the patient expired eight days later Penmssion to perform an autopsy was refused Post 
mortem liver biopsy revealed a hemosiderosis associated with increased fibrosis of the peripottil 
tissues (yevy early cirrhosis) . 

Comment This 37 year old woman had an aplastic anemia of unknown etiology 
She had taken “Anacin” and “Midol” intermittently for years but none of the 
usually incriminated drugs or agents had played an etiologic role We speculated on 
the possibility that this case might have represented one of those rare instances, if 
indeed such conditions occur at all, in which true marrow ' exhaustion” occurs 
from too protracted and severe a dram Her menorrhagia dated back to the mcn- 
archy 2.3 years previously This is, of course, purely speculative, since wc know 
nothing about the nature of the pelvic tumor or the blood findings at any time 
during the previous twenty-three years Unfortunately, no postmortem examina- 
tion was performed, but the liver biopsy showed unmistakable signs of early cirrho- 
sis about nine months after the first transfusion Actually, it cannot be assumed 
that this patient started depositing iron in the beginning since she was still bleed- 
ing and her transfusions served as replacement therapy Thus, her early cirrhosis 
occurred in a period of less than eight months 


Case s Vtctorta G 

The patient, a Negro female, was 43 years old when she first entered the hospital because of veal^ntss, 
dyspnea, orthopnea and bronchitis of one jear s durauon For si\ weeks before admission she a 
noted vague chest pains, moderate epistaxes, blood streaked sputum, and paresthesias of the hands m 
feet She had had typhoid-malana during childhood, and anti-luetic therapy with arsenic and is 
much some years previously She was well developed and well nourished, quite pale, moderately pp 
neic, and coughed frequently The heart was enlarged both to the right and left, loud systolic an pt 
systolic murmurs were heard at the apex and the systolic murmur at the base was heard transmit 
the V esscls of the neck There was dullness at both bases, breath sounds were distant and '' 

in the right base The liver was felt 4 cm below the costal margin and had a sharp tenda ^ 

spleen was not palpable External hemorrhoids were present Moderate nonpitting edema 0 t a 

was noted Fundoscopic examination revealed nothing remarkable contents 

Examination of urines, stools and serologic blood tests were noncontributory The gastric 
concsiaed 40° free and Bo" total acid NPN, 2.6 tng per 100 cc , creatinine, 15 mg pet 
index 7 units Hgb , 12. per cent (i 8 Gm ), RBC, o 70, WBC, 9,300, polys, 71 (bands 15), 
basophils, X, lymphocytes, xi, hyperchromia x plus, anisocytosis, 3 plus Tests for oyth 

tivc The marrow was hypcrccllular, megakaryocytes were normal, primitive red cells 
ropoiesis, but there were no megaloblasts, granulopoiesis showed a slight left shift wi 
giant band forms and megalometamyelocytcs, eosinophils were extremely numerous 
chest confirmed the cardiac enlargement, while those of the gastrointestinal tract wctc gf 

patient was given digitalis, diuretin, ammonium chloride, parenteral liver extract an 3 

500 cc of blood She felt better and left the hospital in three weeks No diagnosis was esM 

During the next four and one quarter years she was treated at three dififcrcnt hospita 
total of 50 blood transfusions and a course of bismuth and arsenic At the end of this time 
nutted to the Cook County Hospital with symptoms essentially similar to the wasio® 

pcared older than her chronologic age of 47 and was quite pale and dyspncic T poo 

below the costal margin, and was firm and tender The spleen was palpable on p ^ ^ 


pitting edema of the ankles was present At this time she had Hgb , 15 per cent 
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W PC t) .,<,1 p. K <• ( '■ 1 s! ,!v ci'Mii '] I11K 1 , 1 \ nipliiHMc- .u“ iitondcv ic- ^ UrinilM'; \\as 
rrcat)\c Kicn«ir,'rv i^unic nt 1 ) <iicim ^ (tin aihimin } . (tni fldlnilin, i r Gin , blood 



Tin 5 Great inacate in iron Jcpivition Innli in pancrcaiic acini nnd i<;lct': of Lnngerlians (Iron 
Stain) Ca*.c 5 310 X 



Fig 9 Great Increase in Hemosiderin in Liver (Iron Stain) Case 5 160 X 


cultures and blood and spinal fluid serology negauve In spite of 9 blood transfusions during an eighteen 
day period, supplemented by oral iron and parenteral liver therapy, her blood count remained at Hgb , 
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19 per cent, RBC, o 93, WBC, 14,300, polys, 64 (bands 19), eosinophils, 13 , Ij mphocy tes, ii, monocyiy 
1, metamyelocytes, i Marrow findings were unchanged 

At this time a splenic inhibition was considered as responsible for preventing the maturation of tli 
erythrocytes and it was decided to perform a splenectomy This was performed after a prchminar} soit 
of transfusions, elevating the blood count to Hgb , 58 per cent, E.BC 3 68, WBC 6,300 In spite oftl- 
preparaaon and the administrauon of 1,000 cc of blood during operation, the patient went into sioJ 
immediately after the removal of the spleen She responded to antishock management and for thefef 
few days postoperativcly seemed to be in fair condition However, she developed bronchopncumoiM 
and died seven days after the operation During this period, 3 more transfusions had been given Htr 
last blood count showed Hgb , 60 per cent, RBC, 3 76, WBC, x3,6oo, polys, 83 (bands 30), basophils, i, 
lymphocytes, 15, monocytes, i 

Pertinent postmortem findings were Hemosiderosis and cirrhosis of the liver (3,160 Gm ), hemo- 
siderosis of the pancreas and abdominal lymph nodes, hyperplasia of the marrow, multiple acccssorj 
spleens, terminal bronchopneumonia, fatty degeneration of the myocardium, and acute edema of the 
lungs The extirpated spleen weighed 780 Gm and showed a marked diffuse fibrosis About thirty 
accessory spleens, measuring from x mm to 4 cm , and weighing a total of about 80 Gm , were also 
removed at operation 


Commtnt This 43 year old Negress had a profound anemia whose etiology, as 
that of case 3 which it most closely resembled, was never satisfactorily estab- 
lished The anemia was characterized by a hypercellular erythroblastic marrow 
which showed evidences of a maturation arrest at a primitive stage and did not 
respond to any of the known anti-anemia preparations Life was maintained by sub- 
stirutjon therapy consisting 0/75 blood transfusions during four and one-half years 
This patient did not develop diabetes Whether skin changes occurred is not 
known The remarkable enlargement of the liver was on the basis of the marke 
hemosiderosis and fibrosis Undoubtedly these changes made her a worse surgica 
risk and contributed to the fatal outcome of the splenectomy 


Summary 

I Five patients who died as a result of a variety of diseases, all chatactern^ 
by severe anemia for which numerous transfusions had been given, and a 
whom developed features of hemochromatosis are presented 

X Eight similar cases found in the literature are summarized 

3 It IS postulated that the hemochromatosis developing in these patients 
end result of the deposition and subsequently irritating action of the excess a 
of iron in the parenchymatous tissues 

4 The underlying anemia and the not infrequent transfusion 
thought to act as predisposing factors for the development of exogenous c 
matosis 

5 The name Exogenous Hemochromatosis is proposed for this syn 

6 The clinical similarities and dissimilarities and the differences 10 ps^ 
between exogenous and endogenous hemochromatosis are discussed 
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histochi:mic \L Ninri-ions APPum to hematology^ 

B) ] \CK ] RiHitNooin. M D , and Giokoi B Wisiocki, MD 

C HEMIC \L c\ toloi:\ tlcils \Mtli the ehciniL il chanctcri/ition of substances 
in tlicir mtiinl loLiiions within tells Its printipil aim is to provide a 
morpholopit bisi«, (or the underst iiuiinq of the chtmical and functional activities 
of cells It attempts to dc\ eUip histoloqic st iininq methods w'hich wmH have chem- 
ical siqniiitance and w hith w ill eh iratterire and dilTcrcntiatc \ arious kinds of cell- 
ular lipids, tarbolw drates proteins cnrMiies md inorganic substances In addition 
to the use of staininq methods, the ehemital ind pin sic il milieu of cells can be 
explored b\ other procedures and technics, for example, b\ means of polarized 
light, ultraxiolet liqlu, x-ra\ diffraetion speetra and the electron microscope, to 
name a few The present iinestigation iinohes the application of a number of 
methods of chemical c\ tologt to the cells of blood and bone marrow The results 
illustrate, we hope, how, bv contributing to an understanding of the chemical 
composition and actixitc of blood cells, chemical histolog) can advance the 
subject of hematologv 

The chemical c\ tolog\ of normal blood and bone marrow^ has been under m- 
xcstig.ation for some time in this laboratorj Previous papers have concerned the 
use of X arious histochemical procedures for the demonstration of lipids, nucleo- 
protcins, gheogen, acid and alkaline phosphatases, and the phenomenon of 
mctachromasia (Wislocki ind Dempsey', Wislocki, Bunting and Dempsey-) 
The present study is a continuation of these lines of investigation Additional data 
arc presented, including information obtained from a more extensive examination 
of human blood cells 

The previous observations w'crc carried out mainly on dcparafhnized sections of 
bone marrow We have now' adapted some of the histochemical procedures for use 
on imprint preparations of bone marrow and on smears of peripheral blood As a 
result of these modifications and also from a growing familiarity with the various 
technics, our previous obscrx'ations have been considerably extended The 
results of the present study will be presented under the headings of lipids, nu- 
cleoproteins, metachromasia, phosphatases and glycogen In addition to the 
two papers referred to above, the few other existing investigations in this field 
will be briefly cited or reviewed 

Material and Methods 

The material for the present study was obtained from 2. young rhesus monkeys 
and a number of human subjects t Blocks of marrow from the femurs of the x 

From the Department of Anatomy, Harvard Medical School, Boston, Mass 

* This work was done in part under a grant from the American Cancer Society on the recommendation 
of the Committee on Growth of the National Research Council to Dr George Wislocki, Department of 
Anatomy, Harvard Medical School, and in part under a grant from the U S Public Health Sertice to 
Dr William Dameshek, Department of Medicine, Tufts College Medical School, for the study of Mediter- 
ranean anemia 

t The human material was obtained from the Hematological Laboratory of The Pratt Diagnostic 
Hospital, Boston, Massachusetts, through the interest and courtesy of Dr William Dameshek 
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monkeys were immersed m various fixatives, and from others touch or imprint 
preparations made on glass slides were placed in identical fixatives * 

Human material consisted of smears of bone marrow and peripheral blood from 
normal subjects as well as from patients suffering from pernicious anemia, multiple 
myeloma, Gaucher’s disease, lymphocytic, myelocytic and monocytic leukemia, 
and other pathologic conditions Peripheral blood was obtained by finger puncwif, 
and marrow by aspiration, usually from the sternum 
For the staining of lipids with sudan black B, blocks of marrow and imprints 
were fixed in 10 per cent neutral formalin Subsequently, frozen sections anl 
imprints were immersed briefly in 70 per cent alcohol and stained in a saturated 
solution of Sudan black B for one and seven minutes Smears of peripheral blood 
and bone marrow were also fixed by immersion in 70 per cent alcohol for a few 
seconds, or by placing them for five seconds m a mixture of 10 per cent formalin 
— I part, and 95 per cent ethyl alcohol — 9 parts (Bailiff and Kimbrough’) These 
preparations were then stained in sudan black B for periods ranging from ten 
minutes to one hour They were dipped briefly in 70 per cent alcohol and dried 
'They could then be counterstained, if desired, with Wright or Wright-Giems 


stain 

Nuclear basophilia was studied by means of the Feulgen reaction followioj 
fixation of pieces of bone marrow in Zenker's fluid For smears of marrow am 
blood, fixation in 95 per cent alcohol for thirty seconds was utilized and found « 
be very satisfactory Light green was used as a counterstain 

For the study of cytoplasmic basophilia, imprints, smears, and blocks of tissm 
were fixed in Zenker’s fluid and stained with eosin and methylene blue To dt 
termine whether cytoplasmic basophilia present in some cells might be due to t c 
presence of ribonucleoprotein, control sections were treated with ribonuclcas 1 
before staining them For this purpose, the sections were digested at a tempetatoK 
of €0 C for three hours in a o i per cent crystalline ribonucJcase solution b cr 


with sodium barbital to a pH of 6 75 

Another means for the characterization of cellular basophilia consists 
ing the dye-binding capacity of tissue elements photometrically for mc^ 
blue over a range of pH For this purpose, the tissues were fixed in Zenker s 
imbedded in paraffin, sectioned at 5 micra and mounted on glass s 1 cs 
deparaffinization, the sections were stained in methylene blue according w 
method described by Dempsey and Singer'* and Dempsey, Wislocki an 
'The intensity of staining of various substances was determined by 
made with a photometer (see fig i, Dempsey, Bunting, Singer and ° ^ 
The figures obtained for light absorption were plotted against pH to orm 


relating dye-bindmg to the acidity of the staining solution 

Staining of metachromatic substances was earned out on smears, 

* Wc arc indebted to Mrs Edith Hetman for her assistance m the prqiaration of the 


imprints 

niatend bj-ti- 


varions technics employed p^rlcfcllef 

f Crystalline ribonuclcasc was kindly provided by Dr M Kunitz of the 

Medical Research, Princeton, N J 
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pinllin sections of tissues fixed in 4 |xrr cent Insic lead icetite,” according to the 
method of Holmgren 'Sections cut it4 inicra were stained in a o 5 aqueous solution 
of toluidin blue, resulting in 1 1 neiidcr or purple coloration of the mctachromatic 
components of the tissue Metadiromisn observed following this procedure may 
be due to the presence of inucopoh sicch iridcs, ribonucleoproteins or substances of 
unknown composition " Tint utribunble to ribonucleoprotein can be identified 
b\ exposing control sections to ribonuclease (see above) 

For demonstrating the presence of gh cogen, smears, imprints and blocks of 
tissue were fixed in a solution of absolute alcohol, formalin and picric acid (Ross- 
man s fluid'^ Sections and imprints were then stained b> the Baucr-Feulgcn method 
Since gl\ cogen is dissoKed bs saliva, control sections so exposed w'ere prepared 
Alkaline phosphatase was demonstrated b\ the Gomori method,'’ as modified 
b\ Dempsev and Deane ‘ Blocks of tissue, sme irs and imprints w'ere fixed in chilled 
So per cent alcohol The sections and imprints were then incubated for three and 
six hours in a solution of sodium gh cerophosphate at pH 9 4 

Lipids 

1 orenorti Increasing attention is being accorded Sudan black B as a histologic 
stain for lipids With this dsc, Sheehan'- observed briefly that the leucocytes 
of human blood became varioush tinged The neutrophilic leucocytes were filled 
w'lth small, deepl) stained granules, wdiereas the larger granules of the eosino- 
philic leucocj tes appeared to possess mcrel) a surface layer of lipid The monocytes 
usual!) contained lipid granules, while the small find large lymphocytes were 
ahvays quite free Myeloo tes possessed many sudanophilic granules, and myelo- 
blasts usual!), had a small number, while lymphoblasts showed no sudanophilia 
at all McManus,'^ stud) mg films of human blood and marrow stained with 
Sudan black B, reported briefly that the cytoplasm of the neutrophilic leucocytes 
was packed with fine sudanophilic granules, whereas the lymphocytes and 
monocytes w^ere unstained Furthermore, granules stained by sudan black B were 
reported as being present in the cells of the late myeloblast series ’ Ralph'^ 
presented an extremely brief report on human blood, examined with sudan black 
B, to the effect that the granules of neutrophiles, eosinophiles and monocytes 
contained phospholipids as well as lipids extractable with acetone Lymphocytes 
and thromboplastids, on the contrary, were said to contain no phospholipids 
Wislocki and Dempsey' studied bone marrow and peripheral blood of several 
young rhesus monkeys in formalin-fixed frozen sections stained with sudan black 
B They verified the fact that both neutrophilic and eosinophilic leucocytes of the 
circulating blood show intense black staining of their granules as do also the 
corresponding myelocytes of the bone marrow Lymphocytes of the blood and 
tissues did not contain lipid particles, but cells which were diagnosed as being 

* Merck s reagent lead subacetate (Pb^CHsCOOi PbCOH)^ mol wt 566 51) has been used The 
stock must be protected from exposure to air since combination with carbon dioxide results in an insolu- 
ble compound The 4 per cent solution should be made up freshly before using 
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monocytes appeared to have a few black particles in their cytoplasm In megakar 
yocytes, minute sudanophilic particles were observed, and m blood platdcts 
similar lipoidal dots were encountered In a subsequent study,- evidence wis 
offered suggesting that the sudanophilic material in the cytoplasm of the mcgi 
karyocytes might represent mitochondria 

Bailiff and Kimbrough^ examined normal and abnormal peripheral human blojl 
stained with Sudan black B, followed by May-Grunwald Giemsa stain to aidu 
the differentiation of cell types They noted that the granules of the eosmophile 
were sudanophilic and possessed unstained, clear centers Basophilic Icucocyttj, 
lymphocytes and monocytes were unstained 

From the previous account it will be noted that there is general agreement re 
garding the behavior of the granular leucocytes, myelocytes and Ijunphoqtcs 
Of the monocytes, McManus,*^ as well as Bailiff and Kimbrough,® claim that they 
do not stain, whereas Sheehan,^- Ralph, and Wislocki and Dempsey^ describe 
them as being variously tinged 

Excepting Bailiff and Kimbrough, none of the investigators specifically mentions 
the reaction of the basophilic leucocytes Because these elements are rclativ ) 
scarce and with the technic employed difficult to identify, Wislocki andDcmpsc) 
and Wislocki, Bunting and Dempsey- turned their attention to tissue mast cc s 
In formalin-fixed frozen sections of several human organs, including uterine 
and mammary gland, they observed mast cells in which a portion of the 
complement of granules was stained by sudan black In contrast to the par 
incomplete staining of the granules of mast cells, the granules of tissue eo 
philes were completely and readily stained in similarly prepared forma m 
frozen sections - Meanwhile, Montagna and Noback^® have reported at s^^ 
black B reveals stained granules in the mast cells of the rat, wh(?n app 
frozen sections of tissues fixed in formal calcium-cadmium 

Observations The present observations on sudanophilia have been ma 
human blood cells from both blood stream and bone marrov? 
granules are present in the neutrophilic leucocyte-precursors tro staining® 

specific granules first make their appearance The sudanophilic gran j|,cir 

grayish brown to black color, are in evidence throughout the series an 
number and size appear to be identical with the spiecific neutrophi ^ 

(fig xe) In the myelocyte stage they can be seen overlymg the nuc c ^ 

The granules of the eosinophilic leucocytes and of the correspon 
are sudanophilic As noted by several investigators, the granules arc ^ y^siainfi^) 
by a darker, sudanophilic periphery and a clearer, possibly tota jjjc 

interior (fig xa) This peculiarity differcntitates their granules 
neutrophilic leucocytes . pg^ents 

The basophilic leucocytes in the peripheral blood of p^ovc to ^ 

chronic myelogenous leukemia have been examined Their gran ^ j^gming 
sudanophilic (fig xd), varying in size and ranging granules 

individual cells from pale gray to deep black Many of the sma ^ ^ pj; 

- , 1.- whrreas the larger granules ar^ ^ 


n-nr* 
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cosinophilcs c\hihit nnrkcd uniforniitv in regard to depth of staining and size 
In the blood of l patients in which the monocytes w'ere increased and hence 
reidil} identifiahJc, i \ an ible scattering of sudanophiJic cytoplasmic particles 
w as obser\ ed (fig zT) Tliesc varied in size and number from a few faint dots up to 
a dusting of the c\ topi asm with quite evident black particles Since a counter- 
stain tends to obscure these faint particles, monocytes arc best studied without 
Its use 



Fig I Cur\cs illustrating and comparing the djc-binding capacity of the cytoplasm of mcgakar}'^o- 
cjtcs, mast cell granules, Nissl substance and the h} aline matrix of carulagc The several tissues vi^ere 
fixed in Zenker s fluid, sectioned, stained with methjlcne blue, and their dye-bmdmg capacity deter- 
mined according to a method presented in detail elsewhere (Dempsey et al The cytoplasm of megakar- 
yocytes fails to stain bclotv pH 4 o, in this respect being identical with characterisuc nucleoproteins 
such as Nissl substance or cell nuclei The granules of mast cells and the matrix of hyaline cartilage, on 
the contrary, exhibit very much stronger acid dissociation, so that staining is not abolished even at 
pH I 6 (cf Wislocki and Dempsey* and Dempsey ct al ') Their signatures are characteristic of sulfatc- 
containing acid mucopolysaccharides 

In human material, sudanophilia was not observed in either megakaryocytes or 
platelets In the megakaryocytes and platelets of the monkey, on the contrary, 
minute sudanophilic dots have been described,^ and from their shape, size and 
number these appear to be mitochondria ^ In the smears of human material pre- 
pared in the manner described, conditions are possibly not so favorable for the 
staining of these small particles 

We have not encountered lipids in lymphocytes in any of our preparations 

Gaucher cells have not been described as being sudanophilic, but they are rich 
in cerebrosides (Thannhauscr®*) Because sudan black B appears to have an affinity 
for a greater variety of lipids than the other sudan dyes currently used in histology, 
We exposed smears known to contain Gaucher cells to this dye No sudanophilic 
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Fio z Indn idual cells from smears of human bone marrow, fi\cd m 70 per cent alcohol or a 
seconds, stained with Sudan black B for 10 minutes, and with the exception of d , counterstain ^ 
Wright-Giemsa stain All cells in figures z and 3 were drawn xMth a X to ocular and X ^ ® 
a An eosinophilic myelocyte containing granules of uniform size, each composed of a so anofw 
shell surrounding an unstained core 

b Two adult erychroc) tes showing a dark tinge, superimposed on their normal color, 0 
exposure to Sudan black ^ 

c Orthochromatic nucleated red blood cell, whose c)'toplasm is tinged b) Sudan black, bo 
deeply as adult erythrocytes ^ 

d Basophilic leucocyte, stained only xvith Sudan black, exemplifying the variation 
granules, and their lesser number as compared with eosinophilic granules Each granule ex 
periphery and light center The granules in occasional basophilic leucocytes are complete ) 
more especially those of smallest size 

e Polymorphonuclear neutrophilic leucocyte, revealing sudanophilia of its specific granu 
f Monocyte illustrating the presence of various sized sudanophilic particles within it 0^^ 

Fig 3 (a, b and c) Indix idual cells from smears of peripheral human blood and bone m ^ 
for 30 seconds in 55 per cent alcohol, then stained by the Fculgen method which 
desoxpribonuclcoprotein Countcrstained with light green (d) A mcgakar> oc> te from 

marrow , stained by the Baucr-Feulgen technic , 

a Tw o adult red blood cells, one containing a Howell-Jolly bodj which is stainc re 
positixc, and three blood platelets which arc ncgatixc 

b A pol} morphonuclcar Icucoc) tc, the nucleus of w'hich is Fculgen positnc p|„r 

c A megakanoqtc whose nucleus also IS Fculgen positnc It was obsened abo\e t 
lets arc Fculgen negatne, and it is noteworthy that the cytoplasm of of ab‘ol“ ' 

d A megakan oci tc from a section of human bone marrow which was fixed m a 
alcohol, formalin and picric acid, then stained b) the Baucr-Fculgcn technic an co m tb 

light green Note pinkish-laxcndcr color of c} toplasm and the scattered deeper m tb" 

neighborhood of the nucleus Unlike the Baucr-Fculgcn reaction of true preset"^ 

neutrophilic Icucocs tes, this reaction in the c) toplasm of human megakan oc} tes 
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rmtcrnl could be dcmonstritcd, and it must he concluded that, unlike some other 
phospholipids, ccrchrosidcs have no allinin for sudan black 
We have ohscrs’cd a faint staining of the red blood cells by sudan black Adult 
cr) throc) tes and the antecedent orthochromatic and polychromatic nucleated 
red blood cells arc dilTuseh and faintl) tinged (fig zb, c) The more mature the 
cell stage, and the longer the preparations arc exposed to the dye, the darker the 
cells become According to Parpart and Dziemian,'*'’ the structural meshwork 
(stromata) of the red blood cells is composed chiefl) of lipids and proteins Among 
the lipids, phospholipids predominate, while cholesterol makes up the remainder 
(cf Hober’') Nevertheless, Baker’’’’ found tests for phospholipids inconclusive m 
the erj throevtes of the frog and mouse In view of these considerations, we are 
not prepared to interpret the observed staining of the erythrocytes by sudan 
black B 


Nucleoprotei NS 

Forenor^ Two kinds of nucleic acids exist in cells, depending upon the nature of 
the sugar incorporated into their structure One, containing a dcsoxynbose sugar, 
IS called desoxyribonucleic acid, whereas the second contains a ribose sugar and is 
designated as ribonucleic acid Nucleic acids are strongly charged compounds and 
have a strong affinity for basic dyes Moreover, their basophilia is not destroyed by 
conjugation with proteins so that the nucleoproteins are also strongly basophilic 
Although nucleoproteins have long been known to display pronounced baso- 
philia and therefore to be among the substances in tissues which react with basic 
dyes, the positive identification of them and their accurate localization in cells 
have only recently been accomplished Three methods have been developed which 
are of importance in this regard These arc the staining method of Feulgen and 
Rossenbeck’® for dcsoxyribonucleoprotein, the use of ribonuclease developed by 
Dubos,’” Brachet-” and Kunitz,-’ and the utilization by Caspersson^^ of the specific 
ultraviolet absorption of nucleoproteins To these should be added a recent method 
for measuring by photometric means the dye-binding capacity of tissue elements 
over a range of pH (Dempsey and Singer^, Dempsey, Wislocki and Singer^) 

The Feulgen method consists in the freeing of the aldehyde groups of the desoxy- 
ribose sugar by acid hydrolysis followed by the Schiff test for aldehydes The 
procedure is apparently specific for desoxyribonuclcoprotein (cf StowelP^ and is 
confined entirely to the nuclei of mammalian cells or to the immediate products 
of their disintegration or dissolution, as will be shown below ’The nucleolus 
IS Feulgen-negative because it is composed of ribonucleoprotein 
’The discovery and preparation of an enzyme capable of depolymerizing ribonu- 
cleic acid paved the way for the cytologic localization of ribonucleoprotcins 
Brachet^® described the ability of ribonuclease to abolish cytoplasmic basophilia 
in a variety of animal cells, including pancreatic, hepatic and intestinal epithe- 
lium, nerve cells and lymphocytes Wislocki and Dempsey’ observed the disap- 
pearance of cytoplasmic basophilia from crythroblasts, myelocytes, lymphocytes 
and some other basophilic cells of the marrow following this procedure More 
recently, Wislocki, Bunting and Dempsey’’ have noticed a moderate basophilia of 
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the cytoplasm of megakaryocytes This basophilia is abolished by treatment with 
nbonuclease, indicating the presence of ribonucleoprotein in these cells In ad 
dition to various cytoplasmic structures, a number of investigators have noted the 
disappearance of basophilic staining in the nucleolus after treatment with 
nbonuclease 


Other basophilic substances, occurring variously in the cytoplasm and in ground 
substances, may be composed of mucopolysaccharides or of substances of unknown 
composition With the photometric method referred to above, which registers the 
intensity of staining of selected cell constituents over a range of pH, characteristic 
and specific curves or “signatures” may be obtained for a variety of basophilic 
substances, including nucleoproteins and mucopolysaccharides 

Obstrvattons In the present study we have continued the use of these methods 
in the study of blood By the Feulgcn method the cell nuclei of human marrow 
stand out distinctly as reddish purple objects, indicating the presence of dcsoxy 
ribonucleoproteins (fig 3) The dense chromatin of the polychromatic normoblasts 
stains more intensely than the finer chromatin of the younger stages of the red 
blood cells The nucleoli are unstained Imprints of bone marrow stained less well 


than histologic sections 

Howell-Jolly bodies and blood platelets were noteworthy The Howell-Jo f 
bodies were stained by the Feulgen technic, indicating that they arc nuclear 
material consisting of desoxyribonucleoprotein (fig 3a) Blood platelets, on t 
contrary, were negative, indicating that they contain no_ nuclear material ( g 
3a) Volt and Kempa^'* have described a positive reaction for platelets, w M 
stained in thick films, but our observations do not bear out their contention 
The delicacy of the reaction in the Howell-Jolly bodies suggests that thereactio 
would occur similarly in platelets provided that they contained nuclear mater 
In accord with the negative findings in platelets, it is noteworthy that , 

positive material is encountered in the cytoplasm of megakaryocytes (, g 
It should be recorded also that neither the basophilic material in the cytop 
of reticulocytes nor the cytoplasmic stippling of erythrocytes reacts at a , 
dicating that neither of these structures contains desoxyribonucleoprotein^^^ 

The use of nbonuclease on human marrow cells confirms the previous 
vations of Wislocki and Dempsey' on monkey marrow The cytop 
philia of the red blood cells precursors, as well as of the basophilic stem cc 
leucocytes, is abolished by the use of this enzyme This holds true 0 / _ ^ 

and promyelocytes, as well as megakaryocytes The cytoplasmic 
lymphocytes and plasma cells is likewise abolished j 

These findings are of interest in view of the recent important isc m 

major function of lymphocytes is to produce globulins -which pat 
immune reactions (Dougherty and White’^, Ehnch and Harris- ) (-ycopjasini'^ 
globulin synthesis of the lymphocytes can now be related to t c 
nucleoproteins which are responsible for the basophilic properties 

(Dempsey and WislockH-) cbaractcrizat'O'’ 

By means of the photometric method, described above, tor pjasmic '0^°' 
of basophilic staining, we have concerned ourselves with the cyto 
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philia of mcgiknn oc\ tcs The c^ toplasm of this cell interested us particularly 
because Wislocki, Runting ind Dempsc) - had arrived at the conclusion, after 
some previous uncertaint) , that it exhibits a moderate amount of basophilia 
attributable to nbonucleoprotein The ' signature” obtained b) the photometric 
method confirms this conclusion (fig i) The curve for the cytoplasm coincides, 
in regard to degree of acid dissociation and extinction around pH 4 o, with Nissl 
substance, a nucleoprotcin which fails characteristically to stain below pH 4 
For comparison, the graph contains curves for the hyaline matrix of cartilage and 
the granules of mast cells, both of which consist of strongly acid mucopolysac- 
charides, the staining of which is not abolished even at pH Thus we have 
proof from the use of nbonuclease, as well as from the photometric signature, that 
the cytoplasm of megakaryoc) tes contains nbonucleoprotein We have not 
succeeded as }et in testing blood platelets with cither nbonuclease or by the 
photometric method 


Metachromasia 

Metachromasia is a property, which some basophilic substances possess, of 
changing the color of certain dyes such as toluidin blue or thionin from blue to 
red The principal group of substances exhibiting metachromasia is the acid 
mucopolysaccharides, but nuclcoproteins, after certain methods of fixation, also 
stain metachromatically Many of the cells of bone marrow exhibit variably faint 
metachromatic reactions which are prevented by the use of nbonuclease, a resttlt 
indicating that the reactions are due to nbonuclcoproteins For example, the 
cytoplasm of megakaryocytes, following fixation in 4 per cent basic lead acetate, 
especially in the bone marrow of guinea pigs, is noticeably metachromatic when 
stained with a o 5 per cent aqueous solution of toluidin blue, but this staining is 
prevented by the use of nbonuclease (Wislocki, Bunting and Dempsey^^) 

The granules of the mast cells of the connective tissues are intensely metachro- 
matic due to the presence of an acid mucopolysaccharide, possibly heparin as 
claimed by Holmgren and Wilander This reaction is not prevented by ribonu- 
clease (Wislocki, Bunting, and Dempsey^ and the granules yield a photometric 
signature characteristic of acid mucopolysaccharides (fig i) The granules of 
basophilic leucocytes are known to exhibit metachromasia, but we have not 
tested them photometrically 

Phosphatase 

Fomuord The amount and distribution of alkaline phosphatase in various blood 
cells have been investigated to some degree in a variety of animals Wachstein-® 
has described this enzyme in normal and abnormal cells of human blood and bone 
marrow, according to him, it is not present in red blood cells, lymphocytes, mono- 
cytes or eosinophilic leucocytes of circulating blood, but is present in a variable 
number of neutrophilic leucocytes In marrow, staining was uneven and involved 
neutrophilic leucocytes and occasional nucleated red cells Megakaryocytes were 
as a rule negative Wislocki and Dempsey' have described various features of the 
distribution of alkaline phosphatase in the hemopoietic tissue and blood of 
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rhesus monkeys, while Deane^® has reported on its presence in the leucocytes 1 
rats The last-mentioned investigator used nucleic acid, fructose diphosphat( 
glucose-b phosphate and adenylic acid as substrates in addition to glycero pha 
phate Recognizable differences in blood cells, following the use of these sevcta 
substrates, have not been very great 

Wislocki and Dempsey^ report upon the presence of alkaline phosphatasci 
variable quantities in the cytoplasm of polymorphonuclear neutrophilic Icucc 
cytes, metamyelocytes, myelocytes and lymphocytes As a rule, the enzyme ocnu 
in both cytoplasm and nucleus No information appears to exist on the occurrcw 
of phosphatase in basophilic leucocytes of either blood or marrow However, tl 
granules of tissue mast cells of the rat have been shown to contain alkalmepho 
phatase by Noback and Montagna®^ and Wislocki and Dempsey ^ Contrariwise, 1 
human tissue eosinophiles, Wislocki, Bunting and Dempsey® encountered none c 
the enzyme In keeping with an observation on human marrow (Wachstein , 
little or no phosphatase was observed in the cytoplasm of megakaryocytes in tli 
bone marrow of the monkey, and insofar as platelets could be evaluated, noneffs 
demonstrable 

Only brief references exist to the occurrence of acid phosphatase in the celh 0 
the hemopoietic tissue Gomori^® reported the blood cells of all species stu 1 ® 
being negative Deane®® refers briefly once to its occurrence m occasions ^7 
morphonuclear leucocytes in the rat In the granules of the mast cells 
Montagna and Noback^® and Wislocki, Bunting and Dempsey® have descri 
phosphatase In the granules of human tissue eosinophiles the latter inves g 
have not encountered any 

Observations The present observations concern the demonstration 0 
alkaline phosphatases in both tissue sections and imprints of rhesus 
bone marrow with glycerophosphate as substrate In the case of hot c 
there is far more phosphatase visible in the imprint preparations 
sectioned material The procedxire for both imprints and sections was ^ 
except that in the case of the latter, paraffin imbedding was emp 0^^ 
experience has been reported recently by Montagna and Noback, tic 

in mast cell granules, far less acid phosphatase was present after 
tissue in paraffin than when paraffin infiltration was elimmate iD" 

offer the possible suggestion that the enzyme is partially denatu 

filtration in paraffin at high temperatures , ncutroph'**'’ 

In the present material, alkaline phosphatase is readily ident e 
leucocytes, metamyelocytes and myelocytes, being most abun ^ 

It IS diffusely and variably present in both cytoplasm and nuclei ^ 
the megakaryocytes shows a diffuse faint staining The nuc ea 
uniformly negative in both cytoplasm and nuclei 

Imprints of monkey marrow prepared for acid phosphatase 
of this enzyme in contrast to its almost complete absence in se 
It IS predominantly nuclear in location, staining the nuclei o 
present in the marrow A few of the cell types can be defmite y 
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c\ res, in nddicion to clifTiibc nuclcir and cvtopHsinic staining, often exhibit a 
brownish granulation of their c\ toplasm Mctamyc]oc\ tes and polymorphonuclear 
lcucoc\ tes arc rcadilv identified b\ browm staining of their nuclei Nucleated red 
cells and megak ir\ oc\ tes are also recognizable by differentiation of their nuclei 

Gm COGEN 

Torcuord Ncukirch,”” in 1910, observed material stained by iodine or Best’s 
carmine method for gh cogen in human neutrophilic leucocytes of inflammatorv 
exudates The material was soluble in saliva and consequently he decided that it 
must be glvcogcn or some closely related carboh\dratc Similarly, Stahl, Horst- 
raann and Hilsnitz,'"’ utilizing iodine vapor, observed staining of the granules of 
the neutrophilic metamyelocytes and leucocytes, this they attributed to the 
presence of gh cogen wnthout, however, testing it with saliva 
In human blood platelets Neukirch'" found central bodies tinged by iodine and 
stainable w'lth Best's carmine, but these were insoluble in saliva Stahl, Horstmann 
and Hilsnitz'"' also encountered lodiphilic granules in human platelets as well as 
a very few% secmingl) identical c) toplasmic particles in megakaryocytes However, 
they did not test an) of these granules for their solubility in saliva 

Wislocki and Dempsey* investigated the presence of glycogen in the blood cells 
of rhesus monkeys b)'’ means of the Bauer-Feulgen technic and by an ammoniacal 
silver nitrate method devised by Mitchell and Wislocki The diagnosis of glyco- 
gen was checked by routine saliva-treated controls Both methods were successful 
and positive when applied to appropriately fixed material Glycogen was identified 
with regularity in bone marrow in the cytoplasm of neutrophilic leucocytes and 
metamyelocytes None was seen in the other cell types including megakaryocytes 
Glycogen was also found quite regularly in the rim of cytoplasm of the ordinary 
fat cells of the marrow In peripheral blood a positive Bauer-Feulgen reaction 
occurred solely in the polymorphonuclear leucocytes No glycogen was demonstra- 
ble in the blood platelets 

Ohservattons In the present investigation we have repeatedly observed glycogen 
in neutrophilic metamyelocytes and leucocytes in smears of human blood and bone 
marrow after staining with the Bauer-Feulgen method and using saliva controls 
Glycogen is minimal in neutrophilic metamyelocytes and increases as the cells 
mature into leucocytes It is not present in myeloblasts, myelocytes or the red 
blood cell series 

On rc-cxamining monkey marrow, glycogen was found quite regularly in the 
cytoplasm of the fat cells Moreover, in 1 young rhesus monkey, interstitial 
glycogen was encountered, although nothing similar was noticed in the marrows 
of 3 other monkeys 

In peripheral human blood, glycogen was encountered solely in the neutrophilic 
leucocytes This finding agrees with those of Wagner^' who has recently shown by 
chemical analysis that the granular leucocytes are the only carriers of glycogen in 
normal human blood 

As reported above, Wislocki and Dempsey found the Bauer-Feulgen and ammoni- 
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acal Sliver methods for glycogen negative in the megakaryocytes and blood plate 
lets of rhesus monkeys In contrast to the monkey, the megakaryocytes of humai 
marrow are faintly Bauer-Feulgen positive, but this material is not digested b] 
saliva (fig 3d) Besides a faint pink color, the cytoplasm of the megakaryoqit 
contains a variable amount of reddish granular material The platelets, on tb 
contrary, like those of the monkey, are entirely negative This finding is consistcD 
with the results of Wagner^^ who identified pentose sugar m human blood platelet 
but found no glycogen 

Glycogen increases in amount in the neutrophilic leucocytes as they mature, an 
consequently it characterizes the differentiated functional state of this cell mstca 
of Its developmental stages The glycogen does not appear to be localized orboun^ 
in the neutrophilic granules, for, as in other glycogen-bearing cells, it usuall, 
shifts by fixation to one side of the cell Besides glycogen, the neutropbilcs con 
tain alkaline phosphatase, which is extremely variable in amount and mai-im u 
quantity in the myelocytic stages Alkaline phosphatase is encountered in associa 
tion with glycogen in various tissues of the body and its presence has been rc a 
to the synthesis of glycogen which takes place through the dephosphorylatioa 0 
hexose phosphate by this enzyme (cf Dempsey and WislockF^ Alkaline p ^ 
phatase within the neutrophiles tends to be diffusely distributed in the cytop 
rather than segregated in the neutrophilic granules In mast cells, on the 
in which phosphatase is also abundant, the enzyme is quite definitely oca n 

Confirming Wachstein,^® we have observed that polymorphonuclear neutx^^ 
which have entered the tissues in inflammatory areas contain increase am ^ 
alkaline phosphatase It would be interesting to know whether 
the glycogen content of the neutrophilic leucocytes is altered Neu ^ ^ 

that the neutrophilic leucocytes in exudates contain a far 
glycogen — as revealed by iodine or Best’s carmme stam than norrna 
but this observation deserves to be re-examined and checked by mo c 

StiMMAny j 

In table i we have attempted briefly to characterize some of the pti 1 id 
cell types by means of the various histochemical metnous j- 
the table are derived from the present study as well as from b^d 

from this laboratory The condensed phrases of the table sho 
to the observations and discussions presented in the text The spa^ 
left blank do not indicate negative reactions but signify mere y t 
are still outstanding rece"' 

Besides offering new observations, the present paper marrm'' 

literature on the chemical histology of the cells of blood an 0^ 
investigation concerns the demonstration and characterization ^ »|ycogcn bi ^ 
proteins, mucopolysaccharides, acid and alkaline histochcn”^^, 

variety of recently developed technics It serves o and funct'O'’^ 

procedures can be utilized to explore the chemical comp 

activities of cells 
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Table i Br/ef c/’arii(rrr/^afro;; aj the prtttcipal blood cdl fjpes bj bistochcmical reactions for Itptds, 
nncleoproteins, phosphatases and gl^copfii 


Cell 

/ if>ld 

(•^udan black B) 

Rthon ucUoprol 
(cv lopHsmic 
basophilia) 

^I^xlobla<:c 

Negative 

Stronglv 

(Sabin) 


positive 

M^ cloc> tc 

Granules uni- 
formlv posi- 
tive 

Positive 

Mctam; clocj tc 

Granules uni- 
formlv posi- 
tive 

Negative 

Poh ncut 

Granules uni- 
form!) posi- 
tive 

Negative 

Eosin M)clo- 

Granules uni- 


C) tcs and 

forml) posi- 


Lcuco 

tive 


Tissue Eosin 

Granules uni- 
forml) posi- 
tive 

Negative 

Baso Lcuco 

Granules v an- 
abl) positive 


Mast Cells 

Granules vari- 

Granules 


abl) positive 

negative 

Early Erj thro- 

Negative 

Strongly 

blast 


posiuv'e 

Late Erythro- 

Cytoplasm 

Positive 

blast 

very faintly 
tinged 


Normoblast 

Cytoplasm 
faintly unged 


Erythrocyte 

Faintly unged 

Negauve 

Megakaryocyte 

Minute dots 

Moderately 


(monkey) 
None (man) 

posiuvc 

Blood platelets 

Minute dots 
(monkey) 
None (man) 


Lymphocytes 

Negauve 

Strongly 

posiuve 

Monocyte 

Minute gran- 
ules 



Ifirf 

phosphatase 

Alkahuc 

phosphatase 

Gl'icogen 

(Bauer 

Fculgen) 



Negative 

Nucleus posi- 

Positive in cy- 

Negative 

tive 

toplasm and 
nucleus 


Nucleus positive 

: Positivx in cy- 

Faintly pos- 


toplasm and 
nucleus 

itive 

Nucleus posi- 

Variably pos 

Posiuvc 

tive 

in C) toplasm 
and nucleus 


Negauve 

• 

Negauve 

Negative 

Nucleus neg 

Nucleus neg 

Negative 

Granules pos 

Granules pos 

Negative 

Nucleus posi- 
tive 


I Negauve 

Nucleus posi- 
tive 

Negauve 

Negative 

Nucleus posi- 

Cytoplasm 

Negauve 

uvc 

faintly pos 

(mon- 

key), 

Posiuvc 

(man), 

Sahva- 

insoluble 

Negauve 


Cytoplasm 
and nucleus 
vanably pos 

Negauve 


Negauve (at 
Wachstan) 

Negauve 
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CLOTTING OF PLASMA AND SILICONE SURFACES 


By Thomas B Patton, M D , Arnold G Ware, Ph D , and Walter 

H Seegers, Ph D 

T he use of silicone surfaces for blood clotting studies offers new technical 
proaches to the problems concerned In their pioneer work, Jaques, Fidl 
Feldsted and Macdonald^ indicated the possibility that plasma may clot indep 
dently of platelet action They suggest, as others have, that plasma may contai 
soluble factor which will initiate clotting In their studies, the platelet concent 
tions were lowered by centrifugation at low speeds only to about 3,000 per mm’ 
We believed that with the use of high speed centrifugation and silicone suifai 
blood plasma would remain fluid indefinitely All the platelets would be removt 
and even if some should rupture, the thromboplastin released might be expected 
be removed by sedimentation in accordance with the work described by Charge 
et al ^ ® 

We followed the venipuncture technic described’ and clotting was observed 
unpredictable intervals The poor results were apparently due to collapse 0 
vein with injury to the intima and subsequent liberation of thromboplastic su 
stances Slowness of withdrawal of blood also increased chances for contaminatiOi 
An improved technic was therefore devised which would eliminate tissue traua 
insofar as possible The common carotid artery of a dog was exposed, using metic 
lous sharp dissection Saline was flushed over the wound and the artery, 
the wound was draped, leaving only the artery exposed A special syringe 
(fig i) was designed to prevent blood from being forced into the syringe ^ 
puncture was made, 10 cc of physiologic saline contained in the 
injected into the artery to wash away thromboplastic substances from t e n 
After thirty seconds, the blood was permitted to enter the syringe at t e pr 
the blood vessel It was not necessary to pull on the plimger The needle 
syringe were next removed and, with the syringe in a vertical position, 
allowed to flow against the side of the silicone centrifuge tubes A 
oxalated for hematocrit and control prothrombin determinations The tu 
then placed in the rotor of a multi-speed attachment (International (-oni 

and spun for varying periods of time at 22.-13 jooo R P M After j-joscl; 

pleted, the tubes were removed and the clear plasma could be seen a ovc 
packed red cells which were overlaid by a whitish gray layer To avoi ^ 
tion of the supernatant layer with the middle layer, about two thir s o 
fuge tube was immersed in a mixture of dry ice and alcohol The re 
imposed gray layer and the lower portion of plasma were fi-ozen so ^ 
clear supernatant plasma could be decanted Samples for thcrcaf’*’’ 

tions were taken immediately after centrifuging and at varying hoi' 

Our technic eliminated many of the previously encountered erra 

From the Department of Phjsiology, Wayne Umtersity College 
This study v as aided by a grant from the United States Public Health « 
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ever, it still did not enable us to obtain incoagulable plasma with any degree of 
certainty We found chat plasma would stay fluid for varying periods — in some runs 
longer than seventy-two hours at room temperatures There would usually, how- 
ever, be some fibrin formed This occurred in silicone and in glass tubes with about 
equal frequency, provided centrifugation was carried out for sixty minutes or more 
The rotor of the multi-speed attachment accommodates six tubes and the contents 
of each one would usually give somewhat different results as to time and quantity 
of fibrin deposited as judged by visible inspection This fact discouraged us from 
making quantitative measurements of the fibrin deposits At the end of twenty- 
four hours, any fibrin was removed, thrombin was added to the plasma and a clot 
invariably formed 

Measurements of prothrombin concentration by the two-stage method indicated 


Piston Piston 

with stop with stop 

in place removed 



Fig I Special s)ringc plunger holder for %cnipuncturc The piston is held in position by the mechan 
cal stop and no blood can enter the syringe until the piston stop is swung to the side 

that this factor does not change appreciably in concentration if the high speed 
centrifugation is continued for fifteen minutes or more (table i) Consequently, if 
thrombin causes the fibrin deposits mentioned above, only a small quantity is in- 
volved It must be kept in mind that rupture of only a few platelets would liberate 
thromboplastin, which would perhaps not all be removed by centrifugation Even 
if It were completely removed, a small amount of thrombin might first be liberated 
which would eventually form a fibrin deposit If a soluble plasma factor, not con- 
cerned with platelets, initiates clotting, its action must be considered to be ex- 
tremely feeble If that view is not accepted, then it must at least be admitted that 
the soluble factor was sedimented in the centrifuge, or that it requires an activator 
removed by centrifugation 

Prothrombin analyses showed no significant change in prothrombin concentra- 
tion However, evidence for thrombin formation in the silicone plasma was ob- 
tained indirectly from Ac-globulin studies This factor is transferred from plasma 
t)q)e Ac-globulin to scrum tjqie Ac-globulin through the action of thrombin ^ E\ en 
small amounts of thrombin will produce an effect which is easil) detected For 
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example, a quantity of thrombin which will not produce a clot m one hour will 
markedly affect plasma Ac-globulin activity In the e'^periments discussed above, 11 
was possible to detect serum type Ac-globulin when the two-stage prothrombin 
analyses showed no significant change We interpret this as follows a small amount 
of thrombin was formed by minute traces of thromboplastin of cellular origin Tliis 
amount of thrombin was so small that the plasma prothrombin concentration 
seemed not to be altered However, this thrombin was sufficient to transform some 
plasma Ac-globulin to serum Ac-globulin and also sufficient to form a small fibrin 
deposit 

Fibrinogen was measured quantitatively in only a few experiments for reasons 
mentioned above The changes in fibrinogen concentration during a typical cxpcri 


Hours 

Per Cent Prothrombin 

fugation 

s* 

10* 

15* 

30* 

60* 

120* 

240* 

300* 

b 

90 

78 

too 

99 

96 

100 

lOl 

0 

I 

77 

57 

95 

104 

— 

— 

103 

115 

4 

— 

— 

— 

— 

— 

94 

■ — 


2 . 

80 

57 

lor 
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— 
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— 

99 


— 

— 
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— 

— 

— 

100 


3 

72- 

5^ 

109 

103 

— 


no 

1 15 


— 


— 

— 

— 

92- 



5 

— 

— 

— 

— 

lOI 

— 




— 

— 

— 

— 

68 

— 




ISO' 

85 

81 


70 


I I I I I I ' — - — — juj 

Minutes in centrifuge Prothrombin determined on oxalatcd samples served as c 
this control was considered to have a prothrombin concentration of 100 per cent 
t F = per cent fibnnogen 

ment are recorded in table i Immediately after centrifugation the fibrm 
centration, as measured by methods previously described,® was lower 
oxalate control sample The fibrin was doubtless thrown down as d 

gates formed While the samples stood at room temperature, only sma 
fibrin precipitated, and at twenty-two hours about 70 per cent o 1 

fibrinogen remained More fibrinogen disappeared during the centr ug ^ 
than at any other equivalent time interval This suggests the possi 
platelets ruptured during the centrifugation 

Summary 

Blood was collected with special care and centrifuged centr*^ 

tubes at zx-x3,cxx) R P M for various periods of time Even a 
ugation, incoagulable plasma could not always be obtaine 
only a small portion of the fibrinogen was represented as fibrin ^ gj-j the 
thrombin cause this fibrin formation No evidence was foun 
that plasma may contain a soluble factor which can initiate c ott 

platelet action 
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DETERMINATION OF THE NUMBER OF ERYTHROCYTES, VOLUME OF 
PACKED RED CELLS, HEMOGLOBIN AND OTHER HEMATOLOGIC 
STANDARDS IN MEXICO CITY (ALTITUDE 7,457 FEET) STUDY MADE 
ON TWO HUNDRED HEALTHY PERSONS 


By Javier Robles Gil, M D , and Diego Gonzalez Teran, M D 

T his work is a contribution to the knowledge of certain hematologic standadi 
among a group of healthy residents of Mexico City The standards smdied an 
volume of packed red cells, hemoglobin in grams per 100 cc of blood, red blood 
cell count, mean corpuscular volume, mean corpuscular hemoglobin, mean cor- 
puscular hemoglobin concentration, mean corpuscular diameter, mean corpuscnlai 
thickness and sedimentation rate 

Hedin and Blix in 1890 and Daland^ in 1891 were the first investigators to intro- 
duce the use of the hematocrit, that is, the determination by special procedures 0 
the volume of packed red cells in a given amount of blood 
Chapin,® Millar,^ Kennedy and Millikan® and Ponder and Saslow® believe tbcrc 
exists a z to iz per cent factor of error in the determination of the hematocrit Tbcy 
found this factor of error when measuring the cell volume by means of other pro- 
cedures, such as those that include the use of dyes, proteins and tagged cryt ro- 
cytes containing radioactive iron But this factor of error, if it exists, docs not 
invalidate the procedure for practical purposes 
The standards investigated in this work are probably of definite value m 
study of the anemias They give a clearer idea of the extent to which one 
most important functions of the blood, hematosis or blood oxygenation, is 
fied The red cell count alone does not give sufficient information concerning 
function, since there may exist microcytosis or hypochromia or both 
the mean corpuscular volume and the mean corpuscular hemoglobin 
cannot be determined when only the red cell count and the hemoglobin, w 
the volume of packed red cells, are known 
The results obtained by different investigators arc in agreement ,-ii 

that the hematologic standards are the same for all races and economic 
Changes due to age and sex have also been established ^ ,, gj,- 

Smith et al Licknatzky,^® Acton and Harvey,^® Haden,*® fouu'^ 

croft et al Cordero,®® Vergara Lope,®"* Ocaranza,®® Izquicrdo an ^ ot^ 
an increase in the number of erythrocytes associated with an increase 
tude Licknatzky^® and Fitzgerald®® observed an increase of hemog o 
conditions Hurtado®® ®® and Andresen et al found that the ^ havcoo 

volume IS greater at high altitudes than at sea level Other thcif 

influence, as Walters,®^ Wintrobe®® ®® and Myers and Eddy a 

From the Rheumatology Department of the Instituto Nacional dc D F 

and Microbiology Laboratories of the Hospital de Enfermedadcs dc la 
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As the result of numerous investigations, it has been stated that the normal 
erythrocyte count in Mexico City is in the range of 6,000,000 per cc or more This 
statement does not agree with the constant results of red cell counts made in our 
clinic Furthermore, the volume of packed red cells, mean corpuscular hemoglobin 
concentration standards of healthy persons, have never been established in Mexico 
City and some contradictory reports exist regarding the red cell diameter 

Considering the variation of some of the hematologic standards at different alti- 
tudes as well as the above-mentioned facts, it was deemed necessary to study them 
in Mexico City, because the normal standards found in other countries at sea level 
cannot be applied in the central plateau of Mexico, which is located at an altitude 
of 7,457 feet 

The establishment of hematologic standards in Mexico City is necessary not only 
m order to evaluate correctly the hematologic results in patients, but also to cor- 
roborate or contradict the recent discovery communicated by some investigators^® 
who state that at high altitudes a well defined macrocytosis is present 

Material 

One hundred normal females and 100 normal males were selected, with ages 
ranging from 15 to 31 years in the latter and 14 to Z5 in the former The ages of 14 
and 15 were taken as the lower limits, following Osgood, Mugrage and Andre- 
sen,®^ Sachs, Levine and Griffith,®® Goldhamer and Fritzell,®® Wintrobe,®^ and 
Williamson,®® who found them to be the ages during which the stabilization of the 
number of red cells, hemoglobin and hematocrit begins Williamson®® obtamed 
higher values for hemoglobin in males after the age of zo 

Our subjects were selected from different economic levels, particularly among 
medical and other students, draftees and nurses All of them were in apparent good 
health, with well balanced diets, and most of them had lived in Mexico City since 
birth A minimum of two years of residence in Mexico City was considered a neces- 
sary condition for those not bom here The average height, age and weight were 
I 70 meters, zo 9 years and 59 8z kilograms in the males, and i 58 meters, 18 04 
years and 51 83 kilograms in females (table i) 

Methods and technic All the individuals were subjected to a complete clinical cvanunation performed 
by one of us Cj R G J and to a complete survey of their diets Among 115 persons registered, ij were 
discarded because of an existing or recent disease, deficient nutrition or a deficient consDtution 

The following studies were performed on each of the selected persons red blood cell count, ^ olume of 
packed red cells, amount of hemoglobin in grams per 100 cc , mean corpuscular \ olume, mean corpuscular 
hemoglobin, mean corpuscular hemoglobin concentration, sedimentation rate and standard Kahn, Eagle 
Cflocculation test) and AO3 serologic reactions for s) philis In addition, determinations of the mean 
corpuscular diameter were performed in 15 subjects For these determinations, blood was obtained b\ 
venepuncture at the bend of the elbow aftet a fasting period of eighr hours and according to the follow ing 
technic 

1 Local cleansing with a 2. per cent iodine-alcohol solution 

2. Adjustment of tourniquet for not more than i minute so as to asoid alterations of blood con- 
centration and circulation 

3 Collection of 5 cc of blood with B-D needles number 20 The least possible traction was made in 
drawing the blood The blood thus obtained was placed in flat-bottom glass tubes containing Paul- 
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Heller anticoagulant Co 006 Gm of anhjdrous ammonium oxalate and o 004 Gm of anh}drousso(lraiii 
oxalate for 5 cc of blood) and mixed thoroughly b) shaking for 3 minutes 

4 Collection of 4 cc of blood for the serologic tests for s)philis 

5 The tubes fitted uith a rubber stopper a\crc kept in a cool place In cter) ease the detcnDiDanoai 
were started within the first hour after the blood was taken 

6 All the equipment used for the collection of blood and for the determination of the standards to 
cleansed, dried and prepared according to Wintrobe s instructions ’’ Special care was taken toavcJ 
possible personal errors The w ork was carried out b) spcciallj trained personnel 


Table i 



No of 
Subjects 

hlcan and rrobablc Error 

Standard Deviation and 
Probable Enor 

JItaa 

DenitMe 

Men 

Worn 

en 

Men 

Women 

Men 

Women 

Men 

tti 

Er>'throcj tes 

100 

100 

5,389,9/0 ±0 221 

5,014,160 ±0 289 

3 29 ±0 155 

4 37 ±0 202 

2 (56 

337 

Hematoent 

100 

100 

51 23 ±0 1685 

45 43 ±0 14IS 

2 19 ±0 123 

2 10 ±0 094 

2 13 


Hemoglobin 

100 

100 

17 74 ±0 lot 

15 20 ±0 065 

1 51 ±0 072 

0 97 ±0 040 

1 26 

C 04 

M CV 

100 

100 

95 85 ±0 4044 

91 20 ±0 47 

6 ±0 3302 

7 01 ±0 330 

4 


M CH 

100 

100 

32 97 rtO 18872 

30 33 ±0 1955 

2 82 ±0 1348 

2 90 ±0 1338 



M CH C 

100 

100 

34 02 ±0 17456 

31 37 ±0 1213 

2 59 ±0 1233 

1 88 ±0 039 



SR* 

100 

100 

2 31 

8 08 





Age 

100 

100 

20 9 

18 04 





Height 

100 

100 

1 70mts 

1 58 mU 





Weight 

100 

100 

59 82 Kg 

51 83 Kg 




— 

— 


* S R = Sedunentation rate 


Range 


Maximum 



Men 

Women 

No of erythrocytes 

6,170,000 

6 010,000 

Hematocrit 

58 5 

50 

Hemoglobin 

20 12 

17 70 

MC V 

111 

105 5 

M CH 1 

37 6 

35 

M C H C 

38 

37 

Sedimentation rate 

16 

31 

Age 

31 

26 

Height 

1 85 

1 74 

Weight 

77 2 

77 5 



theU S Natini'*^ 

Red blood cell count Equipment Pipcts, hemocytometers and cos cr glasses cerufied b}^ jodiu® 
Bureau of Standards, microscopes with X 10 oculars and X 43 ob)ecuves, an o 5 
ride solution used as diluting fluid and prepared with c p sodium chloride were cooat^ 

Method the red blood cells contained in a surface of o xo sq mm (80 sma W^hen the dif"^ 

Both pipet dilutions and red cell counts were made in each case by ^ and repeat^ ^ 

cncc between the two counts exceeded 150,000 red cells per cm , they were iscar ^ 

final figure w as obtained b) as eraging the two counts Jmdric cclb. ^ 

Hemoglobin detenmnatton Equipment Two Leitz photocolorimeters, one wit joined by 

xMth square cells, filter number 401 The calibration curves of the j^on content 

minauons of the oxygen capacity in a Van Sl>ke xolumetric !!-nIorimctcrs and direct fo ‘ 

to Wong s method Alternating current was used for one of the p ot 

other 
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The blood \Ms diluted to o 5 per cent in 1 o i per cent solution of anhydrous sodium carbonate Four 
readings ^\lth four ne^^ dilutions by tno different technicians were made in each case The final figures 
uerc the aterage of the eight readings, ashen the difference between those readings exceeded o 50 Gm of 
hemoglobin the whole procedure was repeated 

Voliii/K of fackeil ra! cells Equipment Wintrobe hematocrit tubes, with an inside diameter of 3 mm and 
labeled from o to 100 Adequate pipets to fill the Wintrobe tubes 

Procedure The hematocrits were spun at about 3,000 r p m for 30 minutes To assure a complete 
packing, they were spun 15 minutes more Two hematocrits were determined with each specimen of 
blood and the figure reported in each case is the aaerage of the taao findmgs 

Sedtmentatton rate Equipment Wintrobe tubes and specially lea'elcd racks to keep the tubes in a 
aertical position 

Procedure That described by' Wintrobe Only' one reading aaas made at the end of an hour Special 
care avas taken to aaoid the formation of air bubbles and the shaking of the tubes once placed in the 
rack 

Msan corpuscular diameter and mean corpuscular thickness Venous blood avas obtained in 15 india'iduals, 
with the same prea lous conditions and the same careful technics as the ones described before 

Procedure The blood aaith the Paul and Heller anticoagulant avas diluted in Simmcl isotonic solution 
(8 2. Gm of NaCl, o 01 Gm of KCl and o 05 Gm of NaHCO:) avith a pH of 7 i Only anhydric salts 
were used 

In each case loo red cell diameters aaere read on a aaet film, avith Bausch & Lomb ocular micrometer 
and a precision screaa 

Wet films aaere chosen to avoid shrinkage of the red cells 

For the mean corpuscular thickness the folloaaing formula avas employed 

_ Mean corpuscular volume 

~ TT (Mean corpuscular diameter) ^ 

7. 

Results 

The average red cell count was found to be 5)389,970 cubic millimeter among 
the males and 5,014,160 among the females The complete data are given in table i 
The distribution curves of the red blood cell counts are given in figures i and x 
Hamre,^’' Wintrobe^^ and most of the investigators agree that there is no differ- 
ence in the number of erythrocytes between the two sexes during childhood, but 
that a significant difference appears upon reaching the age of puberty In our series 
of cases the difference between the two sexes was significant No difference was 
found in the number of red cells in relation to age among persons of the same sex 
(figure 3) No correlation was found between the number of erythrocytes and the 
socio-economic status The influence of body surface on the number of^crythrocytes 
IS shown m figure 4 

The average amount of hemoglobin per 100 cc of blood was 17 74 Gm in males 
and 15 xo in females, no age variations being found Distribution curves, averages, 
standard deviation, mean deviation, probable error and range are given in figures 
5 and 6 as well as m table i 

In the male group the volume of packed red cells averaged 5 1 xj cc , among t c 
females, 45 43 cc (figures 7 and S, table i) The volume of packed red cells showed 

no relation to age or body surface (figures 9 and 10) ^ 

In the male group the following averages w'ere also found MCV, 95 S5 c ^ , 
MCH, 3x 97 77, MCHC, 34 6x per cent, in the female group MCV, 91 xo c /i , 



24 
22 
20 
td 
16 

M 
12 
10 
6 
6 
4 
2 
o 

Fio I . Distribution curve of the number of erythrocytes in loo healthy men The standard deviation 
IS 3x9000 (3 19 cr) 

Ordinates Left-hand scale Number of eases 

Abscissas Millions of erythrocytes per c mm 
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MCH, 30 33 yy, MCHC, 33 37 per cent The complete data concerning MCV, MCH 
and MCHC determinations are given in figures ii, iz, 13, 14, 15, 16 and in table i 


6.Z. 

CO. 

Sfi. 

S£, 

5A. 

5Z. 

5/0, 

4A. 

A£. 

A-A. 
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-te ‘iT ^ to Zi 2Z 23 24 £5 £6 Z7 28 M 30 31 

Fig 3 Study of the number of er) thraej tes related to age of 100 healthy men 
Ordinates Left-hand scale Millions of erj throcj'tcs per c mm 
Abscissas Years of age 


6Z 

6.0 

s'.e 

56 

S.4 

5.Z 

SJO 

48 

46 

44 

42 



1 40 1 43 4.56 1 64 M 2 460 168 1 46 

^1 44 ^1.62 4.60 4.68 1 76 ^164 2 00 


Fig ^ Stud) of the number of erj throc) res related to bodr surface of 100 hcalthi men 
Ordinates Left-hand scale Millions of er\throc\te» per c mm 
Abscissas Bod\ surface in meters i 


The relations benveen the volume of packed red cells, the red cell count and the 
amount of hemoglobin were studied in each subject It was noted that in nearlj 
100 per cent of the cases in which the number of erythrocytes was not within the 
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Fig 7 Distribution curve of the hematocrit in loo healthy men 
Ordinates Left-hand scale Number of cases 
Abscissas Hematocrit in cc 



Fig S Distribution curse of the hematocrit in loo healths ssomcn 
Ordinates Left-hand scale Number of cases 
Abscissas Hematocrit in cc 
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mean value nor its standard deviation, the volume of packed red cells did not bear 
out the assumption of anemia or polycythemia suggested by the red cell count 
alone, since it was found that a higher and a lower volume of packed red cells than 
normal corresponded to a lower and a higher cell count respectively (figs 17 and 
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Fig 9 Stud) of the hematocrit related to age in loo hcalrhy men 
Ordinates Left-hand scale Hematocrit in cc 
Abscissas Years of age 
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Fig 10 Stud) of the hematocrit related to body surface ID 100 health) men 

Ordinates Left-hand scale Hematocrit in cc 
Abscissas Body surface nr meters z 

18) Owing to this compensating mechanism, the amount of hemoglob 
within normal ranges cclb 

The determinations of the amount of hemoglobin, volume 0 pa the 

and number of red cells per cubic milhmeter are also essential to app 

distribution of the hemoglobin in the erythrocytes was S 7° ^ 

The mean corpuscular diameter found in the 15 individuals s 
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Fig II Distribution curve of the M C V in loo healthy men 
Oidinates Left-hand scale Number of eases 
Abscissas Mean corpuscular volume in fi 



Flo 11 Distribution cure c of the M C V m loo health) omen 
Ordinates Left-hand scale Number of eases 
Abscissas Mean corpuscular i olurae in n 
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Fig 13 Distibution cur\c of the M C H in 100 health} men 
Ordinates 'Left-hand scale Number of cases 
Abscissas Mean corpuscular hemoglobin in yy 



Fig li Distribution cur^ e of the M C H in 100 healthy women 
Ordinates Left-hand scale Number of cases 
Abscissas Mean corpuscular hemoglobin in yy 
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Considering the difference of o 8 /i to i /x between wet and dry films the equivalent 
figure on dry films is 7 So The mean corpuscular thickness found was 2. oi a* 



Fig 15 Distribution curve of the M C H C in 100 healthy men 

Ordinates Left-hand scale Number of cases 

Abscissas Mean corpuscular hcmoglobm concentration in per cent 



Flo 16 Distribution curve of the M C H C in loo health} iiomcn 

Ordinates Left-hand scale Number of cases 

Abscissas Mean corpuscular hemoglobin concentration in per cent 

Sedimentation rate The average sedimentation rite found in the male group v is 
2. 31 mm and it was 8 08 mm among females (table i) There were no cases of foci 
of infection or of infectious diseases The menses did not modif\ the sedimentition 
rate (figure 13) The sedimentation rates reported are uncorrected according to the 
volume of packed red cells 
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Fig 17 A comparative study between the number of ery throe) tes and the hematocrit of 100 healthy 
men, made in order to judge their normality considering the M C V and the M C H of the crjthiD- 
cytes , 

White = number of nonanemic persons judged by the number of ery throe) tes Slantlincs = nimi 
nonancmic persons judged hy the hematocrit Black = number of eases studied in each group 
Ordinates Left-hand scale Number of nonanemic persons expressed in per cent Right 
Number of eases 

Abscissas Millions of cry throcytes per c mm 
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Fig 18 A comparauve study between the number of erythrocytes and the ^ jjjc cryt^^’’ 

women, made in order to judge their normality considering the M C V and the ^ 

White = number of nonancmic persons judged by the number of cry throe) ms S 
nonancmic persons judged by the hematocrit Black = number of eases studi scale Nut®^ 

Ordinates Left-hand scale Number of normal cases expressed in pier cent g 
of eases 

Abscissas Millions of erythrocytes per c mm 
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Discussion 

In this series of cases it is apparent that the percentage volume of packed red cells 
and the amount of hemoglobin are slightly above the normal values obtained at 
sea level As the red cell counts found are practically the same as those reported at 
sea level, the MCV and the MCH are higher than at low altitudes The differences 
found reqmre a study of the physiologic adaptation of the human body at different 
altitudes as well as a revision of the literature concerned with hematologic stand- 
ards in different parts of the world 

As already stated, factors such as age, race, economic levels and most climatic 
conditions do not modify those standards in the adult 
In Mexico, Cabrera,^® Izquierdo,^^ and Ocaranza^^ found a slightly diminished 
red blood cell count among natives of the Teotihuacan valley A table of the most 
important investigations performed at sea level and low altitudes is presented in 
table a The investigations made in Mexico City and at other high altitudes are 
hstcd m table 3 

The physiologic adaptation of the human body at different altitudes has been 
studied by a number of workers since the last century Bert,®^ Viault,®® Cordero,^® 
Vergara Lope,^'* Sanchez Tagle,®® Douglas et al ,®'* Fitzgerald, Henderson and 
Haggard,®® Barcroft et al Smith et al Ocaranza,®® Izquierdo,^® Hurtado,^® 
Licknatzky,^® Andresen and Mugrage,*® Talbott and Dill ®^ 

The transient hematologic modifications due to changes in atmospheric pressure 
are well known Durmg the first days of an ascent, an increase in the number of red 
cells has been found by Smith et al Licknatzky,^® Acton and Harvey,^® Horn- 
cffer, 2 i Eggcr,®^ Koppe,®® Wolfe,®» NaegelH® and others When the ascent is rapid, 
there is an increase of zoo, 000 to 500,000 erythrocytes per cu mm in half an hour 
and of a million after zq hours Campbell and Hoagland^^ estimate this increase as 
5,000 red blood cells for each 1,000 feet Meyer et al and others^® studied the 
erythrocyte increase in aviators and engineers Grawits and Gruneberg,®^ Strohl 
and others^® studied it in persons placed under low atmospheric pressures arti- 
ficially obtained in special chambers The modifications found in the latter study 
were similar to those found in Alpinists The immediate increase in the red cell 
count when ascendmg is due to an increase in red blood cells secondary to the con- 
traction of the spleen This is proved by the fact that the increase in the red cell 
count does not appear in splenectomized animals when ascending According to 
Zuntz'^® and Ocaranza^^ there is later an increase in hematopoietic activity, demon- 
strated directly by bone marrow biopsies and indirectly by the increase of reticulo- 
cytes and of bilirubin in the blood as well as by an increase in the whole blood 
volume, includmg both plasma and cells of animals and persons living under low 
atmospheric pressure Peterson and Peterson'® and Hurtado et al - under the same 
conditions have also found a rise in the number of white blood cells 

It should be noted that most of these investigations have been performed in sub- 
jects exposed only temporarily to high altitudes, and furthermore, few of the in 
vcstigators studied all the hematologic and organic changes Yen of these 
investigations were made on natives or residents of high altitudes, but, together 
with ours, thev have shown that the increase in the number of red cells is not the 
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Year 
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Sachett** 

1925 

Kansas 

15 


5 09 

16 71 





Osgood^* 

1926 

Portland 

137 

19 30 

1 5 39 

15 76 

44 61 

1 



Murph> et al “ 

1930 

Boston 

IS 


5 35 

15 06 

44 5C 

1 



W'lntrobe et al ” 

1929 

Neu Orleans 

100 

20 30 

5 85 

15 87 

46 SC 

1 



Foster et al 

1931 

New Orleans 

115 

18 30 

5 26 

15 63 

44 40 

1 85 92 

30 O' 

34" 

Haden » 

1933 

Cle\ eland 

70 


4 95 

IS 34 





Sachs et al 

1933 

Omaha 

100 

20 25 

5 00 

14 93 





Goldhamer et al ” 

1933 

Ann Arbor 

100 

12 17 

4 71 

11 55 





Helmer et al 

1934 

Indianapolis 

10 

20 40 

5 58 

15 23 





Broun et al 

1934 

St Louis 

23 


5 29 

16 60 

46 57 



"40 

Walters’! 

1934 

Law rcnce 

100 

20 30 

4 84 

IS 12 

46 50 

96 50 

31 40 

Osgood” 

Peterson et al (Quoted 

1935 

Portland 

259 

14 30 

5 42 

15 84 

44 79 




in ’*) 

1935 

Butte 

75 


5 17 






Nelson et al ” 

1937 

Law rence 

350 

IS 65 

5 11 

IS 03 





Mj ers et al >’ 

1939 

Cleveland 

111 



15 66 



29 20 

34 .0 

Hamre et al •< 

1939 

Honolulu 

137 

16 25 

5 08 

15 10 

44 20 

86 50 

Emerson (quoted in *’) 



171 


5 44 

IS 1 





Isaac et al (Idem) 



57 


5 08 

IS 2 





Epstein {Idem) 



42 


4 93 






Williamson” 



140 



17 0 





AOHl/i America 











Orias“ 

1930 

Buenos Aires 

321 



14 28 





Tenconi” 

1931 

Argentina 

50 


5 30 

14 SO 

43 17 

1 

i 



Parodi (Quoted in ’) 


Argentina 

50 


5 35 

IS 4 





Gargiulo {Idem) 


Argentina 

944 



15 2 





Gargiulo {Idem) 


Argentina 

128 



17 0 





Meccheri {Idem) 


Argentina 

227 



IS 4 





Hurtado et al ” 


Peru 

100 


5 26 

15 7 





Europe 







46 34 




Gram et al “ 

1923 

Copenhagen 

10 

20 42 

5 45 

15 01 




Heilmej er et al “ 

Bierrmg et al (quoted 

1936 

Jena 

80 


5 06 

IS 90 

44 90 




m ”) 

1936 

Copenhagen 

60 


5 07 

14 90 




Dor 

Price-Jones et al (quoted 

1938 

Li6ge 


18 40 


14 72 

14 5 





in ”) 


England 

100 


5 43 





Jenelletal {Idem) 


Nonvaj 

50 


5 52 

16 2 





Burgi {Idem) 


Switzerland 

224 


5 00 

IS 0 





Millet et al {Idem) 


Belgium 

50 


3 90 

13 3 





Jlm^nez Diaz {Idem) 


Spain 

18 


4 88 






Komocki {Idem) 


Poland 

33 


5 84 

16 0 





Homeffer’! 


^ Germanj 

40 


4 96 





India 







41 72 

42 18 



29 J 

Soklej et al “ 

1937 

Bomba> 

121 

19 30 

5 11 

IS 37 

84 93 

25 14 

Napier et al ^ 

1938 

Calcutta 

25 

20 40 

5 05 

12 60 



China 











Chia Tu Tien” 

1931 

China 

320 


5 12 






Philippine Islands 





5 20 1 

59 60% 
14 11 




V 

Chamberlein” 

1911 

Manila 

702 


43 

84 

2i 

) 


Na\ arro” 

1937 

JIanila 

104 

19 39 

5 16 


1 

Australia 






15 83 

14 95 



1 

Wardlaw et al ’ 

1935 

Sjdnej 

26 








Central Austr 

13 





1 

Africa 

Licknatzky” 

1934 

Johannesburg 

60 


5 99 

14 54 


— 
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onh usinl nncl const int fcitiirc of the loni;-stiiulint; licmitologic.il idaptation to 
high ihirudcs Jdnrtido ct il *' iinong the inlnhit.ints of Morococha, Oroya and 
HuiniCT\o in he Pcrini in Andes found 

1 Onh 1 sliqht increase in the niimhcrofcr\ throc> res compared with theligures 
found at sea Ic\el In Oro\ i ind Morococli i at 3,730 ind ^,5^0 meters respectively 
abo\c sea Ic\cl, the a\ cr iqcs for red blood cell counts were 5,670,000 and 6,150,000 
pern 

z Mean corpuscul ir hemoglobin accrages of 33 and 33 9 ■}y respectively in the 
same two places Tlicse ligurcs are slightl\ higlier than those reported at sea level 


Tmili 3 


AuU or 

^ car 

1 I'hcc 

1 

Mliludc 

^ No of 
j Ca-ics 

No of 
Lr> Uiro- 
cs tes 

Hb 




meters 


milhons 

sra/fts 

Cordert 


Mexico 

=--73 

10 

5 94 


Angel Gavinn (qiirtcd in * 3 

iSSS 

Mexico 

'-^71 


4 80 


^ crpira Lnpc (qiu ted in 

lSy3 

Mexico 

-'-73 

38 

6 76 


Sanchez Tagle''*’ 

iSyf 

Mexico 

2-^73 

— 

6 06 


Landn‘-' 

lyio 

Mexico 

'-'-73 

— 

6 06 


Ociranza*’' 

1 9.0 

Mexico 

'-'-73 

— 

5 70 

15 50 


] 910 

Mexico 

'-173 

30 

5 94 


Par (quoted in *•') 


Mexico 

2 -J -73 

— 

6 00 


Del Razo (fi/rw) 


Mexico 

=■ 5-73 

— 

5 30 


Ccrtcra Oiltm) 


Mexico 

=• 2-73 

— 

6 00 


Andresen and Mugnge’^ 


Denser 

1510 

40 

3 42- 

16 54 

Fitzgerald^' 


Colorado 

1550 

5 


15 84 

Kuend) ct al (quoted in 


Das os 

1^80 

— 

' 6 53 

17 16 

Licknatzk) 


Johannesburg 

1750 

60 

3 99 

103 4 

Hurtado et al 


Huanca) 0 

3160 

10 

5 8^ 


Hurtado'*' 


Morococha 

4540 

100 

6 66 

15 93 

Morales (quoted in 


La Paz 

3660 

zoo 

7 3 ° 


Mongc et al 


Oro) a 

3730 

zo 

6 88 


Capdehounat ct al (quoted in 


Catasi 

375 ° 

II 

6 31 


Barcroft ct al "■ 


C Pasco 

4330 

15 

7 05 




C Pasco 

4330 

10 


18 85 

Talbott and DjlH' 


Quilucha 

5340 

6 

7 37 

ix 86 


3 A marked increase in the volume of packed red cells and particularly in the 
mean corpuscular volume 541 and 95 x c /i in Oroya and 59 9 and 97 5 c /i in 
Morococha 

The increase in the MCV was further confirmed by the finding of greater diam- 
eter, thickness and surface area of the red blood cells, as compared with those 
found at sea level (table 4) A high viscosity of the blood was also found The blood 
cell variations mentioned and the slight increase in the serum proteins found ^by 
the same Peruvian investigators account for the increased viscosity 

There is a marked difference among the figures found in Mexico by difi^erent 
Workers for the mean corpuscular diameter Cordero reported it to be 5 9 ^ 
vino, 7 z 6 , and Ochoterena 7 49 (Quoted in reference X5 ) 
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The mean corpuscular diameter of 8 7 ja found in this study is the same one which 
has been found by Hurtado, considering that our investigation was done on wet 
films A difference of o 9 exists between wet and dry films These results arc 
slightly above the normal known at sea level 
Andresen and Mugrage^® in Denver, at an altitude of 1,5x0 meters, found avol 
ume of packed red cells and a MCV of 48 35 cc and 93 3 c ;u respectively for malci 
and 43 xz and 89 x c /a for females These values are higher than those reported at 
sea level, with the exception of those found by Walters 
These modifications of the red cells are probably due to the processes mvolvcdm 
a permanent adaptation to specific conditions found at high altitudes It is a well 
known fact that a diminution in the atmospheric pressure and hence a decreased 
oxygen tension in the lungs is the only constant modification found at such aln 
tudes The interalveolar tension at sea level is 100, but it can be as low as 40 at high 
altitudes, and unless the organism compensates for the decrease of interalveolar 
tension by means of certain physiological processes of adaptation, blood oxygcoa 
tion cannot be correctly fulfilled at high altitudes 
There is a close interrelationship of all human functions If a change occun in 
the environment, the organism will develop adequate anatomic and physio ogic 


Table 4 



MC 

Diametet 

MC 

Thickness 

MC 

Surface Area 

bm 

Viscosity 

At sea level 

7 48 

X 09 

137 

4 ^4 

8 i 

In Oroya (3.75°) 

7 88 

I 97 

146 

0 

In Morococho (4,540) 

7 74 

1 08 

145 



j pj. cont^^ 

modifications of its various systems, even of those which are not m 

with It differcndy 

Physiologic observations show that organisms adapt themselves 

the same external stimuli, if the length of time that the stimuli [jy^jatcr, 

IS different At first, the organism resorts to all its mechanisms at an , 
if the external stimuli persist, it replaces those mechanisms with ot 
slower to appear but which become piermanent and thus more smta 
created by the change ^5 ^cll a 

After rapid ascents there is an increase in cardiac and traosiw^ 

an increase of the heart output, demonstrated by Barcroft et al 
changes disappear after a few days Barcroft and his co-workers 
(Cerro del Mercado) that after a few weeks of residence at hig "(p 

appears an increase in lung ventilation According to Barcroft, ^ jjducW'*’^ 
and the school of Copenhagen^^ (p the increase in lung venti decrease of 

excitability of the respiratory centers, which in turn depen s on 

oxygen tension in the blood ^.minution m 

As a result of the hyperventilation there now appears a j,Ioo 

tension and an increase in the oxygen tension with a slight evia 
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pH row ird'N Tlcilinitr The di/Tcrcncc between blood pH it high altitudes and 
blood pH at sea le\el is o 01 to o 06 Barcroft et .al found at Cerro del Mercado an 
oxAgen consumption one fiftli o\cr that at sea level Murray'- has shown that there 
exists a higher ox\gen-conibining capacit) of hemoglobin in persons residing at 
high altitudes, owing to the increase in hemoglobin alcalinity 
A number of in\ estigators — Douglas et al Laquer,'” Hurtado,-® Hurtado et 
al and Lozot a Solis'^’ among them — have found an increase in blood volume after 
some weeks of residence at high altitudes The former used carbon monoxide in 
their determinations, the others, \ iral red and E\ ans blue The averages found were 
6 to 6 8 liters of w’hole blood and 2. 6 liters of plasma, which correspond to 100 to 
110 cc of w'hole blond and 36 to *}6 cc of plasma per kilogram At sea level the 
normal average of whole blood volume is 5 to 5 5 liters and of plasma i 8 liters, 
that IS, S3 3 cc of whole blood and q6 cc of plasma per kilogram A comparison 
of these figures gi\es a clearer idea of the increase of total blood volume and espec- 
ially of cell volume in residents of high altitudes 
Descriptions of sjsccial thoracic structures in natives of high regions can be found 
in the medical literature Barcroft et al -- made radiologic studies of the thorax of 
persons living in diHcrcnt places and found that the inhabitants at high altitudes 
have the largest thoracic expansion, the average height of each race having been 
considered 

Together with all these permanent physiologic and structural changes found in 
different systems, the red blood cell modifications described before are also seen 
There are no phylogenetic observations opposed to the existence of macrocytosis 
at altitudes above sea level Although many animals that live at high altitudes 
have smaller red cells than man’s, there are others, like the eagle, which do not 
show that characteristic On the other hand, it is true that the disproportion be- 
tween volume and surface increases with the increase in size of a spherical figure, 
since they follow a different pattern of growth This concept, which would explain 
a handicapped hemoglobin function, cannot be strictly applied to the erythrocyte, 
since this cell is not spherical but biconcave, and thus its volume is smaller than 
Its surface as compared to the former Moreover, it has never been proved that the 
hemoglobin is equally distributed throughout the erythrocyte In fact, there are 
theories indicating that the hemoglobin is found specially at the periphery of the 
red cells (Burke®® and others ®®) Hurtado®® found the opposite, studying the 
relations of hemoglobin, red cell area and red cell volume Perhaps the macrocytosis 
IS due to the diminished oxygen tension in the blood 
The macrocytosis of the red blood cell together with the higher amount of hemo- 
globin per cell in comparison with the normocyte accounts, from a physiologic 
point of view, for only the slight hyperglobulia observed by some authors in 
residents of high altitudes Owing to the physiologic macrocytosis, there is an in- 
crease of the total hemoglobin which favors the interchanges between the alveolar 
air and the erythrocytes, as well as between the erythrocyte and the body tissues 
The findings described in this paper, as well as the hypothesis®® sustained in rela- 
tion with the permanent hematologic adaptation of the organism to high altitudes. 
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indicate the necessity of further investigations that may or may not substantiate 
the above-mentioned concepts 


Conclusions 

I Careful studies of the red blood cells in long-time residents of Mexico City 
(t,x 73 meters— 7,457 ft ) show a slight, although definite, increase in rd cell 
count 

z The percentage volume of packed red blood cells, mean corpuscular diamctc 
and the amount of hemoglobin per 100 cc of blood are higher in Mexico City thai 
at sea level 

3 There is an increase in the MCV and in the MCH as a result of the inaease 11 
the hematocrit and in the amount of hemoglobin without a definite corrclatet 
hyperglobulia 

4 The MCHC corresponds to the normal values found by different authors ai 
different altitudes 

5 The relation between the hematologic standards studied and factors such as 
age, sex, diet and body build are in agreement with the findings of other workers 

6 The changes mentioned in z and 3 have been observed by other investigators 
working under the same experimental conditions and they differ from those found 
among temporary residents of high altitudes 

7 It is reasonable to assume chat the increase of the MCV and that of the amount 

of hemoglobin are the result of a permanent physiologic process of adaptation to 
high altitudes, which appears only after a long residence , 

8 The existence of macrocytosis with increased corpuscular hemoglobin 0 
above sea level possibly favors a better tissue oxygenation as well as other gaseous 
interchanges 
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THE DEMONSTRATION AND CHARACTERIZATION OF THE ANTI-d 
AGGLUTININ AND ANTIGEN PREDICTED 
BY FISHER AND RACE 

By Sol Haderman, Ph D , Joseph M Hill, M D , 

Bruce W Everist, M D , and 
J W Davenport, Jr , M D 

W HEN the three-linked-genes theory of inheritance of the CDE/cde (Rh-Hr; 

blood antigens was proposed by Fisher and Race (1344)' some interesting 
correlations and remarkable predictions were made On the basis of this theoi}, 
new blood antigens designated d and e were postulated in addition to theC, c, D 
and E which were then recognized This is easily understood when it is noted that 
the red cell antigens C and c determined by their respective genes had a reciprocal 
relationship similar to the M and N antigens In fact, Levine- had earlier desenbea 
this relationship between C (Rh') and the antigen c (Hr') determined by hisongi 
nal Hr serum Since D (Rho) and E (Rh") had no such antithetical relationship w 
C and c or to each ocher, separate closely linked loci D and E were assigned to t^c 
genes determining these antigens Because it seemed logical that D and E s 0 
likewise have antigens related to them in the same manner as c to C, Fisher pc 
dieted that the genes which he designated d and e, should be found 

Following these predictions, Mourant® in 1945 reported the finding 0 a se^^^ 
which detected an antigen having the specificity required for e The e 
ing the same antithetical relation to E as c to C indicated that the 

were allelomorphic (1 e occurring interchangeably at the same locus m 

mosome) This serum, therefore, could be used to determine heterozygosit) 

E locus Although the Fisher-Race theory did not specifically 

two allelomorphic genes for each of the three loci, Callender Race an ^ 

1946 discovered a third allelomorph at the C locus which they designate ^ ^ 
was followed by the finding of an additional allelomorph at the D ocus 
ton® in 1946 designated as O'* The finding of these two additional al e 
quite compatible with modern concepts of genetics and constitute 
for the Fisher-Race theory nudis 

During this period, unfortunately, the predicted anti-d serum ini- 

covered although it had become apparent that this serum wou t 
portant one for determining heterozygosity of husbands of iso-imm » 

At one time it was thought® that the serum reported by Levine an 
specificity suggestive of anti-d However, this scrum was prove 
in specificity to the St serum of Race and Taylor (anti-c) t ^ ^jeated 
Hematology and Rh Conference in Dallas, Texas, 1946, Diamon to 

From The William Buchanan Blood Center, Ba}lor Hospital, I 

Southssestem Medical College, Dallas, Texas, Department of -j.. ° 

Unit of Charity Hospital, New Orleans, La , and Department of Intras enou 
Laboratory. Southern Baptist Hospital, New Orleans, La 

682. 
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had found a scrum which contained w'cah antibodies against the d antigen in addi- 
tion to anti-c 

The present report is concerned wnth the demonstration of the anti-d agglutinin 
predicted Fislicr and proof of its spccihcit) This evidence w'as obtained by the 
following (1) DifTcrcnti il agglutination of kc) red cells of known genotype, (2.) 
quantitatnc hemoh tic studies on such kc) cr} throe) tes and (3) determination of 
spccIficlt^ of the agglutinin b\ its reaction w'lth 100 random blood samples 

Case Report 

Female, ape iF, quadroon, gi'c n lii'-torx of lii\ing reccned seseril transfusions in 1938 \\hilc being 
treated for Paget sdi<^a>;cnf the breast No untow ard reactions were recalled Three preiious pregnancies 
terminated in the dclnen of normal infants in 1941, 1943 and 1945 On No\ ember 2.5, 1946 after an appar- 
enth normal pregnanci, a female infant weighing 5 lbs 13 oz and showing no gross abnormality was 
delnered at the Chariti Hospital, New Orleans However, tvpical er) throblastosis developed with 
marked icterus at eighteen hours On the second dav a hemoglobin determination showed 7 5 Gm and 


Table i 


Blood From 

Croup 

Kh Qtt*tsfra 

Mol tier’s serum 

(D) (Rh,) 

(C) (Rh') 

(E) (Rh') 

Saline 

Albumm 


0 

+ 

— 

— 

+ 

+ 


0 

+ 

+ 

— 

+ 

+ 


A 

+ 

+ 

— 

+ 

+ 


A 

+ 

-f 

— 



Substqtiiiitl) the hahy s blood was tested 

Bab) 

0 

+ 

+ 

— 

+ 

+ 


on the third da) , 448 er)'throblasts per too lcukoc)'tcs were counted in the infant s blood The first tra^- 
fusion of 70 cc Group O Rh negative blood was given on the day after birth An additional foim ttansfo- 
sions were gn cn as required, the last on the tenth day consisting of 50 cc of Rh positive bloo e a y 
W'as discharged on the twentieth day and has developed normally since that time 

Although the Rh positive erythroblastotic infant was initially given the usual Rh negative tr^stu- 
sions one of the authors (B W E ) noted that the mother was Rh positive and suggested the possibi ty 
of a rare intragroup isoimmunization More complete serologic studies were undertaken in c o ogi 
Research Laboratory of the Southern Baptist Hospital These studies by one of us (J W D ; as given 
m table i, showed that the mother s erythrocytes were Group A and contained the C and D antigens but 
not the E The father, of Group O, had D but no C or E in the red cells The infant (and the other two 
children) gave Group O reactions and their red ceUs contained antigens D and C but not E The mother s 

serum agglutinated the erythrocytes of the father and all three children Tested against ^ ran °m ° ^ 

C13 Rh Positive and 9 Rh Negative) the aggluunins of this serum exhibited no relationship to the M an 
N types However, all Rh negative bloods were agglutinated and all but three o e posiuvc 00 
samples likewise showed agglutination One additional positive blood showed agglutination in albumin 
but not in saline suspension Substantial blood samples were collected from the pauent in Dccemb^ 194 
and in March 1947 Serum from these collections were kept frozen at minus 2.0 C During the period from 
December 1946 until May 1947 samples of serum from this case were submitted to man) ^^^boratories A 
workers agreed that the serum contained an exceptionaU) strong anti c (&') anubod) and man) sug- 
gested also the possibility of an anti-d antibody Definite proof of the anu-d however was not forthro - 
mg apparently due to a lack of rare test cells definitely known to be of genotypes negative for c but posi 
tive for d 
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Methods 

Studies of the serum of this case begun at The William Buchanan Blood Center in Ma) 1347 wcteilc 
signed to establish the identity of antibodies present b) the methods described below Two technics to: 
employed to demonstrate agglutination with the key test erj throcytes of know-n genot)pe (i)Tlicclii- 
sic test tube method’ using 2. per cent saline suspension of red cells and (x) the developing test” cmplov 
mg the Coombs*^ antihuman globulin serum Since the serum from the December bleeding appeiredto 
contain tw'o antibodies differing in reactivit) as well as specificity, these nso tests were espeaallyti 
ful The antibody shown to ha\ c the spccificitj of anti-d reacted with both tests while the other antiboir 
with the spcaficity characteristic of anti-c, reacted with the deteloping test, but not with the tth 
method using saline er) throc) tc suspension 

The specificity of the two antibod) components of the pauents serum was also determined bj nici“ 
of an estimation of their hemolytic action against selected er) throq tes These studies of hemolyuc aenv 
ity of the serum were made by the quantttau\c hemoljuc tcchmc pretionsly desenbed*’ This 
method established the net hemol) sis resulting from the action of the antibodies present against the cor 
responding antigens of proper red cell suspensions under the standard optimum condiuons ovcrapcnid 
of forty -eight hours Spsecial advantage was taken of the obsenation made in earher expentnents 
that the degree of hemolysis was related to the number of antigen antibody combinauonsavailabJcmih 
a given cell and serum The fact that the two antibodies were present in about equal strength 
possible to interpret the results very clearly 

Although the agglutination and hemolytic tests appeared to establish the specificity of the tiro 
bodies in the patient s serum, it was considered desirable to further check the per cent speanatyo 
agglutimn component (anu d) by agglutinauon of random samples to compare with the speancity 
per cent predicted by the calculations of Fisher t >6 it In so testing the ery throq'tes from 100 ” 
blood samples, the tube method using saline suspension of red cells w as employ ed to brmg out e 
ity of the agglutinin (anti-d) but not the cry ptagglutinoid**^ (anu-c) which was inactnc aga^^^ 
suspicnsions of erythrocy tes As a further precaution, these blood samples were subjected to pa t 
with anti C, C", c, D, E, c and P These tests w ere performed with the Chown” capillary tec ^ 
of Its great economy of scrum, cspeaally important with such rare sera as anti-C’^ and anti-e 
so employed w ere known to be pure and free of other human ery'throcy te antibodies notes^ 

One of the most important features of this study' w as the necessity of having as ailab e 
suitable and definitely known antigenic compiosition For example, the test cell of genotype ^ 

of crucial importance in that it could be used to detect anti-d in the presence of the anti-c ayyita 
found in this serum, without fear that the agglutination might be due to a weak 
ponent Since anti-d scrum was not asailablc prior to this case, it was necessary to 
establish the absolute genoty pc particularly with reference to heterozygosity at the D 
viduals of this genoty pc should not be too rare (about 6 97 per 1000), they would be oser 
sidcrcd as CDc/CDc unless studied in farailes to show segregation of the Cdc chromosom^ si]b-n'p^‘^ 
the genoty pc CDc/Cdc was established in such a family while doing genetic 
on the random blood samples from the pilot tubes of blood units collected for the c ^ ^ 

Of course, the scry much rarer (6 4 per 100,000) Odc/Cdc could be detected scro joooW’’^ 

good adsantage but because of its rarity was not found in this large senes o appro 
samples 

Results 

The results of agglutination tests using key erythrocytes ^uth 

Rh antibodies of different specificities arc shown in table X T crea 

* Copagglumotds Term proposed to designate those antibodies w hich 
pensions of cry throcytes nor give positu c blocking tests (saturation of R an g 
,n saline) Such antibodies may be detectable by such technics as the 

and arc uniformly detected by the dex eloping test using a scnsitn c anti B 
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cells shown in this nhlc give strong evidence that an agglutinin of specificity differ- 
ent from anti-C, c, C", D, E or c was contained in the serum of the patient reported 
in addition to the anti-c cryptagglutinoid shown by the developing test The posi- 
tive reaction with the cell CDc Cdc appears to rule in an anti-d agglutinin but does 
not entireh exclude the possibilit) of a rare antibody corresponding to an antigen 
determined b) a rare or undiscovered allelomorphic gene of the Rh system or even 

Tahle 1 


1 

GenotN pc ' 

j 

Paltcnt s 

fcrittn •'s 

Comment 

R 11 t in 
Silinc 

r)c\ clopmp 

C"Dc/CDc 

I 

— 

- 

rules out inti C", C, D and c 

1 

cdc/cdc 1 

1 

+ 

+ 

rules in anti c and/or anti d 

cDE/cDE 

- 

+ 

rules out anti-E agglutimn 
rules in anti c crytpagglutinoid 

Cdc/CDc 

+ 

+ 

rules in anti-d agglutinin 


* Identical results vere obtained with albumin suspension of R B C 


Table 3 


Probable Genotape 

Incidence 


Reactions with antisi 

:ra 


% Positive 
to Anti-d 


c 

C 1 

D 

d 

E 

e 


CDc/cdc 


-b 

+ 

+ 

+ 

— 

+ 

3 ^ 

CDe/CDc 

15 

+ 

— 

+ 



+ 


CDe/cDE 

16 

+ 

+ 

+ 

— 

+ 

+ 


cDE/cdc 

cdE/cdc 

13 

z 


+ 

+ 

+ 

+ 

+ 

+ 

-h 

+ 

+ 

13 

z 

Cde/cdc 

I 

-f- 

+ 

— 

+ 


-b 


CDc/Cde 

cDE/cDc 

cdc/cdc 

I 

I 

17 

+ 

+ 

-t- 

+ 

+ 

+ 

+ 

1 + 1 

+ 

+ 

-b 

17 

CDc/cDc 

cDc/cdc 

I 

I 

+ 

+ 

+ 

+ 

+ 

+ 

— 

"T 

+ 

I 


ICX3 
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an unrelated blood antigen However, the results from the agglutmation studies of 
100 random bloods shown in table 3 exclude this possibility As urt er exc usion, 
comparisons with the Lutheran,^ KelT* and Lewis” antisera were made and no rela- 
tlonship was found In this table it will be noted that per cent of random bloods 

were agglutinated by the suspected anti-d agglutinin This compares avora 

the 63 per cent predicted by Fisher and Race ■» However, if the data are examined 
further, it will be observed that the antigen determined by this serum (63 67 prr 
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cent) has the same antithetical relation to D as M has to N In other words each 
specimen is positive for D or d or both but never negative for both 
In figure i, showing the results of hemolytic tests against CDe/cde and CDc/Cdc 
cells, we obtain a clear confirmation of the presence of both anti-d and anti-c anti 
bodies as well as demonstrating their hemolytic activities Due to the almost 



identical titre of the anti-c and d, a unitary relationship between gene, 
termined thereby, and amount of hemoglobin released by a given streng^ i 
body was established This relationship has been previously reporte , 
and will be dealt with in detail elsewhere 


Discussion 


esuh 


1 ic 

The evidence presented in this paper is considered reasonably pishcr an*! 

Iish the existence of an antibody having the characteristics prcdictc ^ 

Race, namely anti-d In order to substantiate the validity of sue 
and the antigen detected thereby, the following criteria may be 
tial (i) the antiserum must be shown to give specific antigen-anti 
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(X) It must he shown to (JifTcr from previously identified antibodies against human 
cr\ throcytes, (3) if more than one antibody is present in the serum it must be pos- 
sible to recognise their separate effects (4) the percentage incidenee (specificity) 
should be determined on random samples of human blood 

The specific nature of the antigen antibody reaction for both components (anti-e 
and anti-d) was shown b) several effects First, by the use of the developing test 
the antibodies were shown to be adsorbed on erythrocytes containing the e and d 
antigens (cDE 'cDE and CDe/Cde) and did not adsorb on erythrocytes lacking 
these antigens (CDc/CDe) as shown in table x Since the red cells are washed with 
saline in the developing test, only immune globulins specifically adsorbed remained 
on the red cell and therefore constituted a demonstration of the nature of the com- 
bination of the antibodies in the patient’s scrum and the corresponding antigens in 
the red cells The specific antibody action of the anti-c and d components of the 
serum were further demonstrated by their hemolytic activity in the presence of 
complement as shown in figure i Fortunately, in this experiment through the 
choice of proper erythrocytes, the separate effects of the two antibodies could be 
obsen^ed because of the fact that they were of equivalent strength (titrc) Thermal 
amplitude tests and studies of effect of dilutions of the serum which were done ini- 
tially eliminated the possibility of panagglutinins, pseudo-agglutinins and cold 
agglutinins 

The results shown in table z indicate that the antibody component (cryptagglu- 
tinoid) demonstrable only by the developing or albumin test was identical in speci- 
ficity to anti-c The agglutinin however as shown in tables z and 3 did not corre- 
spond to any of the available test sera, namely anti-C, O, c, D, E and e 
Furthermore, additional tests run in parallel with the anti-Lutheran, anti-Kell and 
anti-Lewis serums showed no apparent correlation Finally, comparative tests with 
anti-A, B and P, and the initial tests with anti-M and N done at the Southern Bap>- 
tist Hospital ruled out these factors 

From the study of 100 random blood samples (table 3) a specificity of 67 per cent 
positive reactions was obtained This compares with the 65 per cent specificity pre- 
dicted from the calculations of Fisher This agreement is the more significant when 
we note the antithetical relation between the reaction of anti-D and the agglutinin 
component of the serum herein described These findings indicate allelmorphism of 
the gene determining the antigen (d) identified by this serum and the gene D 

It is believed that the evidence herein presented constitutes the demonstration 
and characterization of the d agglutinin and antigen 
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THE Rh CHROMOSOl^dE FREQUENCIES IN ENGLAND 

R R Race, MRCS,LRCP,A E Mourant, B M , B Ch , M A , 
D Phil , S'iLViA D Lawler, M B , B S , and Ruth Sanger, B Sc * 

T his paper reports the results of testing 1073 samples of blood, from English 
people, with the Rh antibodies anti-C, anti-C", anti-c, anti-D, anti-E and 
anti-e To these are added another 517, tested with anti-C, anti-c, anti-D and anti- 
E, the results of which have been previously published ^ Professor Fisher has used 
the total iooo to estimate, by his method of maximum likelihood," the frequencies 
of the Rh chromosomes in England, and has very kindly allowed us to make use 
of his results 

The discovery of the six elementary Rh antigens and their mutual relationships 
resulted from a study of the British work of 1943 on the isolation of the seven 
allelomorphs of the Rh gene Fisher pointed out that the complex interactions of 
the four antibodies and seven allelomorphsf known at that time could be most 
simply understood by assuming chat each allelomorph was built up from three 
elementary antigens, each of which could exist in two alternative or allelomorphic 
forms These three pairs of allelomorphic antigens were called C and c, D and d, 
E and e A chromosome could carry any combination of the three pairs, it might 
carry, for example, CDe or ede, etc Seven of the eight theoretically possible com- 
binations could be identified with the seven allelomorphs already known The 
eighth combination, CdE, has still to be isolated, but there is a theoretical reason 
why It may be very rare ^ 

As an individual has two sets of chromosomes, he has two Rh chromosomes and 
his genotype may be any combination, for example, CDe/ ede In this case his sex 
cells, which each contain only one chromosome of a pair, will carry either CDe or 
ede in equal numbers 

The four known Rh antibodies were thus renamed anti-C, anti-c, anti-D and 
anti-E The antibodies anti-e and anti-d which the theory predicted were sub- 
sequently discovered, ® and as a corollary the existence of the predicted antigens 
e and d were confirmed in a positive manner 

A third alternative to C and c, called C", was found ° in 1945 It has been isolated 
in the chromosome combination C^De and also C"de Presumably the combinations 
C''DE and C"'dE exist although they may be very rare 

A third alternative to D and d, called D“, was recognized' in 1946, and it has 
been detected in the combinations CD"c, cD^E and cD“e 
Twelve different Rh chromosomes have now been identified, they are CDe, c e, 
cDE, cDe, C''De, cdE, Cde, CDE, CD'-e, cD^E, cD^e, and C^de These chromosomes 
can theoretically give rise to seventy-eight genotype combinations 

From the Medical Research Council Blood Group Research Unit, and Ministr> of Health Blood Group 
Reference Laboratory, Lister Institute, London 

* Aided b) the Australian Red Cross Societj , Nc^^ South Wales Di\ ision 

t An apolog) is needed for our use, in ^^hat follows, of the words gtnes, or alleloraorp s, a s) 
mous with ant, gens To avoid this is cumbersome, and u is possible that there ma% not be ^en muc 
quahtatne difference between blood group gene and blood group antigen 
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Technic of the Genotype Tests 

»t= held m so hole woodm SInTl f '" 7 “" ™<< 50 mm long They h.ve a ronnj bonnhol 

the blocks Snch small solutes of hn.d m„s, be deh.eted neatly „ ,he b™d 

^ -d .ad ..oscopicalM. 

the two uniQue ' powerful examples of their hind, they were duplicated (cxccptiDj 

but mainly m the hope of disclosing possible further nllelomorphs of C D, orE 

examn!^^ k' ann-D and anti-E and usually two 

examples of each serum were used 

anu^ Cann-RhT 

anti O' ^ ^ mixture, anti-C plus anti-C'' 

, , , one serum only 

anti< (anti-Hr) , ’ 

\ ' two examples 

anti-D fanti-Rhn) ^ ,, , „ 

one pure anti-D, one anti-D + anti-D« 
anti-E (anti-Rh ) „ i 

two examples 

anti-e ^ , 

. one scrum only 

ti or anti B were usually removed from the sera by absorption with AjB cells of the appropnite 

A cDE/cDE cells asailablc, the anti-c scrum was successfully treated witi 

AiB sccrctor sain a 

In order to avoid selection, we tested blood only from people whose Rh group had not previously 
cen etcrminc , and as far as possible blood of related people was excluded The samples had, houerff, 
o ten cen preselected for their ABO group Counts on large sections of our results show complex m 
epen COM o ABO group and Rh genotype All the blood samples were taken by venipuncture and sent 
to us m the form of clotted blood 


Results 

Table i shows the result of our tests on zooo blood samples The first 92-7 
published in 19461 and are here reproduced because Fisher has made use of die 
combined information given by the two series in his calculation of the chromosome 
frequencies 

In the second series of 1073 bloods, it will be seen where the use of ovo 
sera, anti-C" and anti-e enabled distinctions to be made not possible m 
series For example, ODe/CDe would have been included in the group CDc/ ^ 
of the first senes, and cDE/cDE would have been included with the more 
genotype cDE/cde 

No attempt has been made to include the D” distinctions in the tables Th 
were only two unequivocal examples of O'* in the 1073 bloods and these have 
treated as ordinary D s Owing to our possessing a pure anti-C", the 
the O' antigen is easy and can be made in any combination, but there is 
pure anti-D" serum, consequently D“ cells can be recognized only m q 

tion D^d, not in D“D D^d cells are agglutinated by some anti-D sera 
anti-D"), and not by others (anti-D) This distinction being m part 
cannot be made with the certainty characteristic of the other antigen 
reactions of table i 

Table 2. shows the chromosome frequencies calculated by Professor 
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Table i 


rir<!t Senes 927 tested with anti C c D E 


Second Senes 1073 tested with anti C C^-c D-E e 


most frequent pcnolNpc 
in group 

ob'cn cd 

most frequent gcnotjpe in group 

observed 

absolute 

numbers 

r 

c 

absolute 

numbers 

% 

CDc/CDc 

R.Ri 

1S3 

19 74 

CDc/CDc 

RiRi 

178 

16 59 





C"Dc/CDc 

R'i'Ri 

IX 

I IX 

CDc/cdc 

Rir 

3x6 

35 17 

CDe/cdc 

Rir 

354 

3 i 99 





C''Dc/cdc 

R'iT 

9 

0 84 

CDc/cDE 

RiRo 

1x6 

13 59 

CDc/cDE 

RiRo 

138 

11 86 





C" De/cDE 

RrRo 

6 

0 56 

cDE/cdc 

R.r 


IX 19 

cDE/cdc 

Ror 

137 

12- 77 





cDE/cDE 

R0R2 

2-9 

X 70 

cdc/cdc 

rr 

137 

14 78 

cdc/cdc 

rr 

170 

00 

M 

cDc/cdc 

Rot 

^3 

X 48 

cDc/cdc 

Rof 

19 

I 77 

Cdc/cdc 

R'r 

6 

0 65 

Cdc/cdc 

R'r 

10 

0 93 

cdE/cdc 

R"! 

11 

I xg 

cdE/cdc 

R"r 

7 

0 65 

CDc/CDE 

R R, 

1 

0 1 1 

CDc/CDE 

RiR, 

4 

0 37 

Cdc/Cdc 

R'R' 

0 


Cdc/Cdc 

R'R' 

0 


Cdc/cdE 

R'R" 

0 


Cdc/cdE 

R'R" 

0 






cdE/cdE 

R"R" 

0 






cDE/CDE 

R2R1 

0 






CDE/CDE 

R.R. 

0 






C-'Dc/CDE 

RrR. 

0 






C"'De/C’'De 

RrRr 

0 



Four gcnoc) pcs involving C'^dc could also have been recognized had they occurred 


Table x — R/j Chromosome Fre^uenats tn England 


CDc 

Ri 

per cent 

4 ° 75499 

ede 

r 

38 86134 

cDE 

Rj 

14 10870 

cDc 

Ro 

X 56677 

C'^Dc 

Rr 

I X9X96 

cdE 

R" 

I 18819 

Cdc' 

R' 

0 98349 

CDE 

R. 

0 X4356 


Combinations known (c g ,C'^dc), or bclictcd to exist (c g , C"'DE and CdE) have estimates 
Zero, as the data (table i) do not demonstrate their existence 


his maxitnuin likelihood method ■ By addition to appropriate groups in this table, 
the frequencies of the genes or elementary antigens are seen to be 

C 41 98x04% D 58 96698% E 15 54045% 
c 56 7x500% d 41 0330x% e 84 45955% 

C" 1 x9X96% 

Table 3 shows the expected distribution of genot) pes based on the chromosome 
frequencies of table x It will be seen that the obserxed agrees xxell xMth the 



Table 3 



1 

2 

3 

4 

s 

6 


Gcnotj'pe 

Genotype 
frequencies 
expected % 

Pficnotjye 
frequencies 
excepted % 

Absolute num 
bers expected ir 

Absolute 

numbers 

1 obseixed 
m -f I 

T* 

m 

Sena 

cdc/cdc 

rr 

15 102^ 

15 lOlO 

301 040 

307 

0 0815 

both 

cDe/cdc 

cDc/cDe 

Ror 

RflRo 

I 99501 
0 0659 j 

’ X 0608 

41 X16 

42- 

0 0149 

both 

cdE/cdc 

R''r 

0 9135 

0 9x35 

9 909 

7 

0 8540 

scconi] 

cdE/cdE 

R^R" 

0 0141 

0 0141 

152 

0 


second 





8 69X 

12. 

I X590 

first 

cDE/cDE 

cDE/cdE 

RoR" 

I 9906I 

0 3353/ 

X 3159 

2-4 957 

2-9 

0 6550 

second 

cDE/cDc 

R2R0 

0 72-43] 





second 

cDE/cde 

Rjr 

10 9657^ 

11 7510 

1x6 0S8 

137 

0 9444 

cDe/cdE 

RoR" 

0 o6ioj 


230 493 

223 

X 3450 

first 

both 

cdc/Cdc 

rR' 

0 7644 

0 7644 

15 x88 

16 

0 0331 

CDc/cDc 

RiRo 

L 091l1 




0 117° 

second 

CDc/cdc 

Rir 

31 6759! 

33 8186 

361 S74 

354 

cDc/Cdc 

RoR' 

0 0505] 






C’^Dc/cDc 

C'^Dc/cdc 

RfRo 

R^r 

0 0664I 

1 0049/ 

I 0713 

2 2 495 

313 419 

9 

3x6 

0 5415 

0 0104 

second 

first 

both 

cdE/Cde 

R'R' 

0 OL34 

0 0x34 

0 468 

0 


CDc/cDE 

RiRo 

II 5000 






CDc/cdE 

RjR" 

0 9685 



238 


second 

cDE/Cdc 

RjR' 

0 2-775 [ 

IX 9478 

238 930 



cdc/CDE 

rR. 

0 1893I 






cDe/CDE 

RqRi 

0 0115] 






cDE/CDE 

cdE/CDE 

RjR, 

R'R. 

0 0687I 
0 0058] 

0 0745 

0 799 

0 


second 

C^Dc/cDE 

C'^Dc/cdE 

RrRj 

RfR" 

0 3648\ 
0 0307/ 

0 3955 

4 2-44 

6 


second 





2x4 383 

ii6 

0 Olio 

first 

both 

Cdc/Cdc 

R'R' 

0 0097 

0 CX397 

0 194 

0 



CDc/CDc 

R,Ri 

16 6097I 

17 4113 

186 8x3 

178 

0 4187 

s'cofld 

CDc/Cdc 

RiR' 

0 8 oi 6 j 



secon'^ 

CDc/C'^Dc 

RiRr 

2 0539], 

I 0793 

II 581 

IX 

0 0152 

C'^Dc/Cdc 

R^R' 

0 0x54/ 




second 

C'^Dc/C'^Dc 

Rr^r 

0 0167 

i 

0 0167 

0 179 

172 563 

0 

283 

0 7^24 

first 
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Tadi e 3 — Continued 


1 

Gcnol\pc 

2 

Gcnot>-pc 
frequencies 
expected % 

3 

Plicnotj’pe 
frequencies 
expected % 

4 

Absolute num 
bers expected m 

S 

Absolute 
numbers 
observed 
m + X 

6 

X 

m 

Senes 

CDc/CDE 

Cdc/CDE 

R.R. 

R'R, 

0 19851 
0 004SJ 

0 X033 

i 

2. iSi 

1 

1 

4 


second 

C'^Dc/CDE 

R 7 Rx 

0 0062. 

0 0061. 

1 

0 067 

0 

1 

second 

CDE/CDE 

RxRx 

0 0006 

0 0006 

0 006 

1 948 

0 

1 


second 

first 



99 9999 

1999 998 

xooo 

1 

1 

Sum of lo 

smaller classes 



lo 137 

1 1 

0 0569 



t= 8 X443 17-8 

m = 9 R = o 5 


expected distribution Columns i and x show the 36 genotypes, and their expected 
frequencies, that result from combinations of the 8 chromosomes of table x Those 
genotypes joined by brackets could not be distinguished serologically Column 3 
shows the frequencies expected of the xo phenotypes distinguishable with the 6 
sera used in the second series Column 4 shows the absolute numbers expected in 
the x6 observational classes in the two senes Column 5 shows the numbers ob- 
served in these classes The 6 observational classes additional to the xo pheno- 
types arise because of the absence from the first series of x of the sera used in the 
second For example, cdE/cdE and cdE/cde are distinct in the second series, but 
the IX cdE of the first series were indistinguishable (in the absence of anti-e) and 

must therefore be placed in a separate group 

In the calculation of x^ shown in column 6, the 10 smaller classes have been 

pooled and are shown at the foot of the table 

Genetic Basis of the Rh Grouts 

Fisher suggested that the simplest genetic basis 8f the allelomorphic antigens 
which he had demonstrated, would be a system of three closely linked genes I 
the classic conception of a gene is adhered to, this seems to offer the only easy 
explanation of the observed facts The alternative is the postulation of a new kind 
of gene, possessing three subgenes each capable of substitution by allelomorphs 

It seems wiser to conform to the traditional ideas, particular!}'' since, as is er 
has pointed out,i there is some suggestive evidence for the occurrence of crossing 
over This evidence will now be reviewed in the light of the results described in 
this paper In the English population the common chromosomes are an 

cDE The three resulting heteroxygotes, CDe/cde, CDe/cDE and cDE/cde could 
give, if crossing over occurred, Cde and cDc, CDE and cDe, an c an c c, 
respectively If these rarer chromosome combinations did arise in this ^^a^, the 
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frequency of cDe would be expected to equal the combined frequencies of Ole, 
LDh and cdE It will be seen from table l that Cde + CDE + cdE = 1 4151401 
cent while cDe — 2. 56677 per cent In view of the sampling errors, this agreement 
IS very close The remaining combination CdE (Ry) would not be produced bj; 
sing e cross-over from the common heterozygotes It would require for its prodne 
non a cross over occurring in a heterozygote involving a rarer chromosome, fe 
examp e, CDe/cdE This offers a rather satisfactory explanation of the apparent 
absence of CdE which is otherwise puzzling 

Fisher has suggested that the order within the chromosome is such that dies 
ctween D and E The reason for this view is that the frequency ratio of cdE to 
which represents a cross over between D and E, is considerably larger 
than the ratios of Cde to CDe/ cde (Across over between C and E) and of CDE to 
CDe/cDE (cross over between C and E) These frequency ratios based on the results 
of the zooo bloods are as follows 


D— E 

108 

C- 

-D 

030I 

C- 

-E 

oxij 


051 


While this supports Fisher's view that the D — ^E distance is the greatest, yet the 
sum of the distances C D and C — ^E does not correspond at all well with the total 
distance D E This can be explained by the fact that in the first series cdE was bf 
chance too frequent, compared with a much larger series tested by Stratton® witl> 
sera capable of detecting cdE If the calculations are based only on the 1073 ofthf 
second senes, the distances show remarkable agreement, thus 


D— E 
C~D 
C~E 


034! 

038/ 


074 

072. 


The results obtained by Wiener, Zepeda, Sonn and Polivka* m their tests on J) 
Mexican Indians, lend support to the theory of crossing over as the cause 0 
rarer combinations in a population The only frequent chromosonies in t 
population were CDe and cDE, and the only common hetcrozygote 
This, according to the theory, should result in the chromosomes CDE an 
having approximately equal frequencies in such a population The chromo 
frequencies calculated from this small sample were CDE 3 3 and cDc 1 5 
It should be pointed out that no attempt is made to use the hypothesis of 
over to explain the different racial distributions of the common chromoso^^^ 
It does however afford an explanation of the occurrence of the rarer chroinos 
in a population in which the frequencies of the commoner corabmaf'O 
already known 


Summary 

,1^ anriboo'^ 

The results are reported of testing 1073 English bloods witn tnc 
anti-C, anti-C'^, anti-c, anti-D, ann-E and anti-e The results of anot I,j5 

9x7 bloods, already published, are here reproduced The total of 2000 
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been used by Fisher to estimate, by his method of maximum likelihood, the Rh 
chromosome frequencies in England The estimates are CDe 40 75 per cent, cde 
38 86 per cent, cDE 14 ii per cent, cDe z 57 percent, C"De i 19 percent, cdE i 19 
per cent, Cde o 98 per cent, and CDE o 24 per cent 

A brief account is given of the three pairs of alternative antigens shown by 
Fisher to be the basis of the Rh blood groups Fisher's interpretation must now be 
considered as established beyond doubt A possible genetic basis of these related 
antigens is discussed 

ACKNOWLEDGMENTS 

Wc arc dccph indebted to Professor Fisher for man) reasons, but we should particularly like to 
acknowledge his kindness in allowing us to publish the results of his calculations of the chromosome 
frequencies 

For the antisera used in the intcstigations wc arc indebted to the following Doctors E F Aubert, 
Sheila Callender, D S Dick, R J Drummond, Mr I Dunsford, Doctors A J McCall, Brenda Morrison, 
J Murra) , E Wordlc) and R A Zcitlin 

Wc also thank Dr H F Brewer of the London Red Cross Blood Donor Service, and Dr J F Loutit of 
the National Transfusion Scr\ ice, for pro\ iding us w ith large numbers of blood samples 

Wc also wish to acknowledge the assistance of Dr Marjory N McFarlanc in the earlier part of this 
intcstigation 


REFERENCES 

^ Fisher, R A , and Race, R R Rh gene frequencies in Britain Nature 7/7 48, 1946 

“ The fitting of gene frequencies to data on rhesus reactions Ann Eugenics 77 150, 1946 

’ -, Cited by Race, R R An incomplete antibody in human serum Nature 7/9 771,1944 

^ Mourant, a E a new rhesus antibody Nature 7// 541, 1945 

* Diamond, L K Lecture at the International Hematological and Rh Congress, Dallas, Texas, 194^ 
® Callender, Sheila, and Race, R R A serological and gcnetical study of multiple antibodies 

formed in response to blood transfusion by a patient with lupus erythematosus diffusus Ann 
Eugenics 79 iol, 1946 

’’ Stratton, F A new Rh allelomorph Nature 158 2.5, 1946 

* Wiener, A S , Zepeda, J P , Sonn, Eve B , and Polivka, H R Individual blood differences in 

Mexican Indians, with special reference to the Rh blood types and Hr factor J Exper Med 81 

559 ’ ^945 , , , , , 

“ Stratton, F The inheritance of the allelomorphs of the Rh gene w'lth special reference to the R 

and Rh" genes Ann Eugenics 12 z^o, 1945 



DISTRIBUTION OF THE Rh TYPES IN SaO PAULO (BRAZIL) 


By F Otiensooseu, M D , Ph D , C S Lacaz, M D , H C Ferreira, MU, 

AND O Mellone, M D 

T he frequency of Rh positives and Rh negatives in the white popuhtw 
of Sao Paulo'"^ is about the same as that observed in the United States ad 
England In the present publication we deal specifically with the frequency of tk 
eight types of the Rh factor found in Sao Paulo 
The anti-Rho serum (85 per cent) was selected by ourselves in Sao Paulo, but 
both anti-Rh' (70 per cent) and anti-Rh" (30 per cent) were obtained m New 
York (Blood Donor Service) We used the technic prescribed by Levine' meubat 
ing from 30 to 60 minutes in a water bath, centrifugation, and reading the ref 


Table i 


Classes 

Anti Rh serum 


Rh» 

Rh' 

Rh' 

Types 

Rhs 

w 

— 

— 

— 

Rh neg 

+ 

u 


+ 

— 

Rh' 

+ 

V 

— 

— 

+ 

Rh" 

+ 

uv 

— 

+ 

+ 

Rh'Rb" 

+ 


Anti Rh sfmm 



cell sediment macrosQopically and microscopically That human anti Rh ^ 
tinins act better at 37 C than at lower temperatures was shown by 

hamandKamn® r .he Rh facto'- 

Using these three anti-Rh sera we could identify eight types or j-hroughoa' 
shown in the scherre by Wiener, Sonn and Belkin,® which has been use 

the United States (table i) r, 1 a which 

A very different nomenclature has been accepted in Engian , -cnclatf®" 
the subject somewhat more complicated Until an Internationa °° by 

has been adopted we intend to continue using the nomenclature 

''^^emer nEvariou5poP“'‘ 

Table z presents the geographic distribution of Rh types amo o tbc 

tions, including our results in Sao Paulo (Brazil) It is quico 0^^ 0^ 

frequency of the different types varies considerably accor , ^hc aot' 

statistics a few Negroes and muiattoes were omitted Unfortun 

scrum of Levine® was not available to us 
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The distribution of the Rh types among the white population of Sao Paulo 
(Brazil) is 


Rh ncgau\c (ede) 

15 2- % 

Rho (cDc) 

5 8 % 

Rh' (Cdc) 

14% 

Rhi (CDc) 

55 2- % 

Rh" (cdE) 

0 7 % 

Rho (cDE) 

10 I % 

Rh' Rh" (CdE) 

0% 

Rhi Rho (CDE) 

116% 


Table l 


Population 

Number of 
dctcrmina 
tions 

Trequcncy of the types of Rh factor 

Rh- 

Rhi 

Rh 

RhiRhi 

Rho 

Rh' 

Rh' 

Rh Rh' 

Nets York ■|b 

1 000 

81S 

2-. 438 

11 9 

13 5 

14 5 

54 I 

55 6 
52- 5 

11 8 
15 8 
15 7 

16 4 

11 0 

13 I 

1 6 

I 7 

2- 4 

0 9 

1 I 

I I 

0 3 

0 3 

0 7 

0 

0 

0 ox 

Negroes (Nev York) 


8 1 

XO X 

XX 4 

5 4 

41 1 

2- 7 

0 

0 

Great Britain 

9^7 

14 8 

54 9 

IX X 

13 7 

2- 5 

0 7 

I 3 

0 

Australia 

350 

14 9 

54 0 

IX 6 

16 5 

0 6 

0 9 

0 5 

0 

Asiatic Indians 

156 

7 I 

70 5 

5 1 

li 8 

1 9 

X 6 

0 

0 

Chinese 

131 

I 5 

60 6 

3 0 

34 1 

0 8 

0 

0 

0 

Mexican Indians 

98 

0 

48 0 

9 2- 

41 8 

I 0 

0 

0 

0 

Japanese 

H M 

00 

0 0 

I 3 

0 6 

37 4 
51 7 

13 3 

8 3 

47 3 

39 4 

0 

0 

0 

0 

0 

0 

0 7 

0 

Filipinos 

100 

0 

87 0 

X 0 

II 0 

0 

0 

0 

0 

Indonesians 

100 

0 

75 ° 

X 

XX 

0 

0 

0 

I 

Present note 

Brazil (S Paulo) 

138 

15 1 

55 2- 

10 I 

II 6 

5 8 

1 4 

0 7 

0 


The frequency of Rh types in Sao Paulo agrees with the North American, British, 
French^i and Australian observations in white population, Rh negative (152. per 
cent) being slightly above the average because of the inclusion of some recognize 
Rh negative blood donors 

The type Rhi is by far the most frequent (5 5 2- per cent) The frequency for Rho 
(5 8 per cent) is slightly higher, and for Rho (lo i per cent) is lower, than in t e 
other statistics 
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EDITORIAL 

Folic Acid, Pernicious Anemia and Pendulums 

F olic acid, pteroyJ glutamic acid (PGA), was heralded in 1946 as one of 
the wonder drugs" of the year ^ A few mg of the drug given orally was often 
found sufficient to cause a dramatic remission in typical cases of pernicious anemia 
In such related conditions as sprue,- pernicious anemia of pregnancy, ^ "tropical ’ 
macrocytic anemia'* and the like, the drug seemed to have an even greater thera- 
peutic effect than did liver extract The two chief questions which followed in the 
wake of the initial successes were,(i) howdid it work so effectively even when given 
by mouth, and (z) would it prevent the development of neurologic manifestations^ 
The physiologic mechanisms by which PGA is effective are still quite obscure, 
but there can be no doubt that the various studies which have followed its introduc- 
tion have illuminated certain aspects of the pathogenetic mechanisms in pernicious 
anemia ® Of greatest importance to the clinician however is whether or not PGA 
will in and of itself adequately protect the patient with pernicious anemia against 
the development of progressive involvement of the central nervous system, granted 
that other aspects of the deficiency state (bone-marrow, blood, gastrointestinal 
disturbances) are kept under control During 1947 it became apparent that PGA 
often failed to prevent the development or progression of neurologic symptoms 
and that the signs of spinal cord involvement might develop explosively in patients 
taking the drug ® 

Towards the end of 1947 an editorial entitled, "A Warning Regarding The Use 
of Folic Acid, ’ appeared in the New England Journal of Medicine^ which not only 
cast doubt on the ability of PGA to prevent neurologic involvement but even 
raised the possibility that the material might have a more or less directly harmful 
effect on central nervous system tissue The editorial closed with the following 
statements ‘ sufficient evidence has accumulated to justify a warning that 
synthetic pteroyl glutamic acid (folic acid) should not be used in the treatment of 
pernicious anemia In view of the reports of folic acid induced neurologic lesions 
in sprue this restriction should probably also apply to other nutritional macro- 
cytic anemias Consequently the use of folic acid as a therapeutic agent 
appears to offer new benefit but only nsk to the patient (Italics ours ) So striking 
has been the impact of this editorial that many physicians have discontinued 
completely the use of PGA in their practice 

The above editorial stemmed in part from the work of Ross® and his collabora- 
tors, based on the treatment of zz cases of pernicious anemia with fohe acid 
Iti 7 Cases, neurologic relapses developed, and in 4 there was progression of com- 
bined system degeneration Neurologic relapse occurred with considerable sudden- 
ness and progressed rapidly in several patients, espcciall) in those reccu mg large 
(10 to Z5 mg ) doses This suggested the ingenious possibiliti that PGA, partic- 
ularly when given in large doses, might contribute to d\ sfunction of the central 
nervous system by interfering with its metabolism of l(-l-) glutamic acid 
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Some observations had already been made indicating that both the naturally 
occurring !(+) and d (— ) glutamic acid are involved in nerve tissue metabolism 
(quoted by Ross®) Glutamic acid is one of the constituents of the folic acid mole 
cule, and Ross points out that its position in the molecule suggests that it may 
enter into competition with the naturally occurring !(+) glutamic acid and thm 
interfere with normal nerve metabolism Ross implies that this interference might 
explain the greater frequency of neurologic relapse in patients receiving large doses 
of folic acid and the progression of neurologic disease in others 
From the available evidence, it appears probable that PGA cannot be relied 
upon as the sole agent in the treatment of pernicious anemia since its use may not 
only prevent injury to the central nervous system but may actually be attended 
with harmful effects to nerve tissue Liver extract must therefore remain, at least 
for the present, the sheet anchor in the treatment of Addisonian pernicious anemia 
This does not exclude the possibility that PGA may also be useful (i) as an ad/u 
vant to liver extract therapy and (z) as a more specific substance than liver extract 
in certain conditions related to Addisonian pernicious anemia but not identical 
with It 


As regards the first possibility, Meyer,® for example, holds to the opinion that 
small doses of PGA, combined with liver extract injections, induce better remis^ 
sions, both hematologic and neurologic, than either substance alone Ross et a 
also state ‘ These observations suggest that a combination of orally administ 
folic acid and parenterally injected liver extract may maintain a better hemato og 
status than either substance alone ” In my own experience, small doses o ^ 
acid, e g , 5 mg per day, have proved useful in the maintenance therapy ° ^ , 
Clous anemia, in conjunction with injections of liver extract at two to o 
intervals This combination has seemed desirable on physiologic groun 
(i) an active therapeutic agent is given daily to supply a chronic deficienc}^^^^^ 
and (z) the patient receives at stated periods a deposit of a known and time^ 
material, i e , liver extract Under this regimen, all the patients 
stated that their feeling of vitality is considerably improved, in of 

cell counts have tended to be higher than on liver extract alone No 
neurologic relapse has occurred As an adjuvant to liver extract t e 


gives one the impression as being of distinct value cxtrs<^’ 

Has the drug a specific action in some cases which is not shared by ,,,35 

In z of our cases of neurologic pernicious anemia,^® the administraticm^^^^ thewp) 
followed by a distinct neurologic remission, after prolonged liver ^ ^ 
had proved ineffective In one of these cases, a reticulocytosis 
developed at a red cell level of approximately 4 o million per cu^^ j.g5poosc ^ 
previously, liver extract therapy had resulted in only a z 4 per cent 
level of 3 8 million These findings seem to indicate that at 
ular patients, folic acid was more nearly the required specific su s 
liver extract . sprnc, tb® 

In non- Addisonian pernicious anemia (that is, in conditio , jBacroO'“^ 

macrocytic or pernicious anemia of pregnancy, the so-calle ofb'^ 

anemia, and the megaloblastic macrocytic anemia of infancy; 
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extract, particularly of the refined type, leaves much to be desired Lucy Wills, ^ 
for example, vvrites that ‘‘the liver principle is actively curative in pernicious 
anemia but does not seem to be the missing factor in nutritional macrocytic 
anemia ” This “missing factor’ was alluded to by Watson and Castle as the 
‘ Wills’ factor’’ in an article dealing with the therapeutic inefficiency of parenteral 
liver extract in certain cases of atypical pernicious anemia It is possible that the 
missing factor is PGA, especially since various workers have demonstrated that 
this material often results in a more marked therapeutic effect than does liver 
extract in cases of at)'pical pernicious anemia Results in these cases suggest that 
the chemical acts specifically on certain enzyme systems that are not appreciably 
affected by liver extract They also indicate that there may be different types of 
pernicious anemia brought about by varying mechanisms and even by different 
deficiencies 

The exact place of PGA in the armamentarium of therapy still remains to be 
clearly defined That it is harmful to central nervous system tissue has not been 
conclusively demonstrated Certainly the evidence at hand hardly justifies the 
categorical statements in the above mentioned editorial that the drug should 
not be used in the treatment of pernicious anemia’’ and other nutritional macro- 
cytic anemias and that its use appears to offer only risk to the patient ’ These 
gloomy forebodings are hardly borne out by the results of many workers, particu- 
larly in the field of atypical permcious anemia Suarez,® for example, states that in 
the treatment of over 100 cases of sprue, not only has he seen no evidence of harm 
neurologically but the patients do better than with liver extract Spies and co- 
workers^^ iiave recently shown that patients with nutritional macrocytic anemia 
can be maintained for as long as two years with folic acid as the sole medica- 
tion without the development of subacute combined degeneration of the spinal 
cord 

Pendulums have a way of swinging too far in one or the other direction before 
they finally settle down The PGA ’ pendulum, it would seem, has now swung 
far over on the reactionary side, as opposed to the enthusiastic left swing of 194^ 
This IS perhaps only natural, in view of the disappointing results attending its use 
as the sole medication in typical pernicious anemia How^ever, when the exact 
nature of the liver extract factor has been defined, and when we know more about 
the specific enzyme systems concerned in the development of pernicious anemia, 
the pendulum should settle down, and PGA will then find its rightful place in the 
treatment of certain aspects of the pernicious anemia famil) of deficicnc) 
diseases 

William Dameshek, M D 
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Errata 

An error was made in Dr F H L Taylor’s review of Dr Owren s book, 
Coagulation of the Blood, in the February issue of Blood (j 2-2-9> ^94°/* 
formulae as printed were incomplete and should have read 

I Factory + Prothrombm(0 Cytokinase p„,hrombma« 
(prothrombinasc) 

a Prothrombin + Prothrombinasc — Thrombin 

3 Fibrinogen + Thrombin > Fibrin 


The editorial footnote in “Pernicious Anemia from Addision ° 
by Dr Russell L Haden, in the January Blood (j 24, 194^) drochlo'’*'- 

‘Wilkinson and Israels, Waldenstrom and others report that 
acid occurs in approximately i case of 100 ’’ The term “achlorhydria w 


error 
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htmoCtLOBix mi:thi:moglobik and bilirubin 

mi:tabolism 

S'lcnic Oxit I s \iiisiTv oi Hisnsn'Ms is Li ssvionr \scits \snTLnTLis F U McCutcheoa From 
Scho('l of\ctcnnai\ MrJuinc I iii\crsii\ of PciiiisiKinn | Cell fs Comp PInsiol 21 ) 333-344, 
’9i7 

Knowledge that fcial con s licmoj loBin ha' a higher ifhnit\ for owgcn thin mitcrnal hemoglobin 
has led to further investigations along developmcntil and compintive lines In the present stud) , various 
clasmobranchs and lurtlc' were obtained in the adult, fetal ind embrvonic forms In general, sharks had a 
higher loiding capaiitv and a lov cr unloiding c ipacitv for o\v gen thin the ri\ ' Unlike other animals, 
the fetal riv had in aflinitv for ow gen like tint of the idiilt Lick of miteriil did not permit a stud) of 
the more embrvonic stiges In the turtle', the terrc'triil forms hid a higher ifFinitt thin the aquatic 
forms In the development of turtle', no chingc' in owgcn afTinitv occur until iftcr the embryos hatch 
D\ the end of the 'ccond v cir the adult tv pc of hemoglobin is cstiblishcd These and similar results may 
be correlated with ontogenetic, pin logcnetic, ccologic and plnsiologic factors O P J 

CiANosis IS IsrASTS IS Rucai. Aiilvs C\VEi.i.-WATEn Metiiaemoglodinaemia) H MeihvjyW C Guest, 
and A1 Victcr From the Department of Paediatrics, Universit) of Manitoba and the Department of 

Medicine, Winnipeg General Hospital, Winnipeg, Manitoba Canid M A J /(f 505“5°^> ^947 
One certain and one probable case of methemoglobinemia arc reported in infants whose formulae in 
eluded well water containing from 1 10 to 150 parts of nitrate per million The upper limit of safe nitrate- 
content IS given as 10 parts per million In both eases c)anosis disappeared without treatment within one. 

or two da) s after the use of well water was discontinued 

Four similar reports, including one fatal ease, in the literature are ated, all eases occumng in in ants, 
during the first two months of life It is suggested that the determining factors arc bod) vvcig t, nitrate: 
content of well water and amount of water ingested The incidence of wxll-watcr methemoglobinemia 
would, therefore, be highest in areas where farm sanitation is poor, wells poorly constructc an vv ere 

dried milk mixtures arc cxtcnsiv cl) used t. n j j 

The efficac) of meth)lene blue and ascorbic acid in treating methemoglobinemia is briefly discussed 
Prompt recognition of the condition is most important, since spontaneous recovery o 
contaminated well water is abandoned, provided the mcthcmoglobin content of the o as not ri 
t<5o high ^ ^ 


The Role OF Pyridine Nucleotides IN THE Reduction OP Methemoglobin ti F Gutmann,B J Jandorf, 

and 0 Bodansk:> From the Biochemistry Section, Medical Division, Arm) Chemical Center, bdge- 
wood Arsenal, Maryland J Biol Chem j6p i45“^5^» ^947 

The carl) studies of Warburg on the mechanism of cr)throcytc mcthcmoglobin reconversion are ex- 
tended by these authors Mcth)lcnc blue was used as a part of the s)stcm because of its known abilit) 
to accelerate the reaction While glucose functions as a substrate in the intact cry throc) te, exose p 
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phatc or lactate arc necessary in hcmolysatcs Mcthcmoglobin reversion occurred in the hemolysate when 
nicotinamide was employed to suppress pyridine nucleotide hydrolysis The essential substrates for the 
reduction of mcthcmoglobin in these experiments appeared to be reduced DPN and phosphorylated gin 
cose or lactate These observations, unfortunately, do not throw any light on the one clinical state m 
which the cell reconversion mechanism docs not function — congenital mcthcmoglobinetnia This wonld 
suggest that the reconversion system is more complex than herein dcsaibcd 

CAT 

SlGNinCATION DIOLOOIQUE DBS CORPUSCULES DE HeINZ LeUR RAPPORT AVEC LES VERDOOLOBINES (BloiogIC 

significance of the Heinz corpuscles, their relations with the verdoglobins ) A Gajdes and G Tifri^ 
Travail dc la cliniquc mfdicalc dc 1 H6tcl-Dicu (Pans) Sang i8 35-43, 1547 
In 1890, Heinz was the first to notice the appearance of basophilic corpuscles in the red cells donog 
phcnylhydrazin intoxication These corpuscles arc stained by supravital staining, but m contrast to rctica 
locyte granulations, they disappear when later stained by a panoptic method (May-Grunwald Gicmsi) 
Several hemolytic poisons, and some sulfonamide drugs bring on the corpuscles, in vivo as well as in 
vitro Their chemical nature and their biologic significance have been the subjects of numerous researches 
Some think they arc due to mcthcmoglobin, others that they arc related to verdoglobins (intermediary 
substances between hemoglobin and bile pigments) 

The experiments of A Gajdos and G Tiprcz bring new arguments for the close relations bewcen 
Heinz corpuscles and verdoglobins They show that all substances able to transform hemoglobin into 
verdoglobin induce Heinz corpuscles in vivo and in vitro, in particular ascorbic aad Moreover, the same 
factors arc acting (pH, temperature, speed of formation) for both verdoglobin and Heinz corpuscles 
Thus, these corpuscles seem to represent an alteration of the hemoglobin in the red cells by hemolytic 
poisons ^ 

Icterus Neonatorum Its Inodence and Cause L Findlay, G Htigtns,andM. W Stannr From the Dc 
partment of Biochemistry, Radcliffc Infirmary, Oxford, England Arch Dis Childhood az 5 

^947 . 

The authors studied the incidence of physiologic icterus in the newborn and attempted ^ ^ 
whether it is due chiefly to hemoly sis or to some other factor, such as hyqxifunction of the liver ^ 
found first that up to 81 per cent of newborn infants had a plasma bilirubin in excess of i mg ^ 

(1 c , laboratory icterus), although much fewer (c g , 18 per cent of one group) had clinica jaud 
two weeks of age, all infants studied had levels of i mg per cent or less The level of neonata 
bilirubin roughly paralleled that of the cord blood, but there was not a strict correlation, nor ^ 
correlation between the plasma bilirubin and the maturity of the fetus Jaundice, however, 
likely to occur the more premature the baby 

jaundice 

100% of subjects 

65% 

47 % 

i|u 1.1.1 47 % said to cau^ 

It IS generally taught that physiologic icterus is the result of hemolysis, vvhic is iJic 

fall in hemoglobin and red cell count from the prenatal to neonatal levels Against 
authors adduce the following data , ssliereastb' 

I The most rapid fall in hemoglobin and red count occurs in the second wee 0 
hyperbilirubinemia occurs largely in the first week The fall m blood values continues 
after the jaundice IS gone (L Findlay Arch Dis Childhood ar 195, 194 ^) oniaundicedid^””' 
a The rate of fall of hemoglobin was found to be the same in jaundiced an m n ^ ^i^fsed pH' 

3 None of the usual concomitants of hemolysis (rcticulocytosis, normo ^^5 and 

natally , whereas fetal umbilical blood was found regularly to contain inaease reticu ^ 


pregnancy 

31-35 weeks 

36-37 

38-39 
40 (terra) 


blasts 


4 The erythrocytes of fetal blood showed increased fragility to hypotonic solution , 
blood showed decreased fragility (Arch Dis Childhood au 64, 1945 ) 


ifncooi'’ 
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Tlic 3\u1u'-'. Klicvc th;ii ik>’i aisl ] lu i.'l.'rn utcrii' ilic rcMilt of iinnntiirit\ of function of the 
lncr\\hKh liUc nutn oiIk' . r^nv |v jcb(i\cl\ inunjn re tt Inrth In iitcro, tlict pobttil itc, the fctu'; s 
hihnihinivcvactai btreh In n;<x nf the nutctojl pbccnti, '<> tint not till birth Jo'-: the Incr begin to 

c\crctcbihinbn \ttciiptvto nuU nenut;!! Incr function pi\c ini.oncltiM\c remit-; but more bilirubin 

wav found in tlic fcvcv of n'Ojaunduc.i than of jaunJiicd infmtv 


S E 


HEMOGLOBINLMIA AND HEMOGLOBINURIA 

Won os^TtoinotHtMotnivisI'vrovivMM aon,)nivuH.ioriv.oRn P P 

i brbri Itonuhencr^ttincntofMcdKine loh.iv Hophiiv Unnerv.n . Ihlt.niorc, Man hnd 

rrJi,o',i> .’Pn.' cm, cl ..... .... .I.C w.«..i r’»™- ''..1. p."') 

c,.ia l,cm™l„h,n„.,. 1, .... .1....... .1... .-...c..."" "1 .1" P’""" ' W..nd ....I. ™b.,n J.oc.dc produccj 

hcmoKv.v of the cntlitocvtcv an clkvt which wav not dependent on a reduction of the pH °f ^^e seru 
(av ,v the cave in patoxv vnial nocturnal he.iioglob.m.r.a) Thn henioK v,v w av dependent on the prevcnce 

of a henioK vin in the patient V vciuin . ir 1 kic.,-1 .-d 

Inl.,b.,.n„ .,(,l,c <,rK.,..c ml..d,..c ..1 .he cr. .I.cc. ,c. ..,.h c.m.dc ur ..,.1. .»lhn,hn„dc bloc 
.he bemol. .,e «..on ..( el..ll..,f Tl... l.loel .pe .... due .o ,nl,.l...,..r. .nd no. .o de..„.c..oo of .he c,.- 

‘""M,;,om,pr..l.m..,...n ..I e,..l....e..e. he.op l.e,.,ol„.d h. ,l.e p,..en. . <e,.,n, choced .h.c che.e 
cells underwent con-iderable vwelling and morphologic changes )ust prior to } i J F R 

Raynaud sPnusoMrsos. win. PsnoxasMAt H srMoriomsuRiA, Caused m Cold Haemagglutinatiok 
C H Whtth,A Lull, uilM Gcrnjf! Proc Ron Soc Med 40 of 

The chief ixiint of interest in this patient with a fne Near stort of anemia ™ 

episodes of blueness, tingling, and numbness phj sical abnormalities 

high titer of the autoagglutinin circulating in the bloo P , , md nns of nose and cars 

eeeep. .f.ec ch.lhop. .fhen bl.,..l. ,ed blo.che. .ppe.red o.e, .he r.neere, hand., .nd “P " 

The blood s.«d,e. 'ho..ed , perc.en. n,.e,oe...c .nem„ ....h ,e,.euloe,,o„. and 
notmobheiic h.perph.ii of the bone mirrc The ...er of au.o.gg " ’j ' 

.e™per..n,e, and .he red eellr ..ere .er, frag.le ro meehao.ea Irraun.. ..hen kep, ar .enrpe 
Actual rupture of the red cells w as visible in mn o under the capillar) microscope ^ ^ 


March Haemoglodinuria A M Bell s^o kr^th^^^^ 

The case reported is that of an apparcntl) norma 1} walking for periods as shore 

hcmoglobincmia, hemoglobinuria, albuminuria and ab ormna is „ niptoms seemed to depend 

ar A n...u.es For f, leas. par. of .he rhree monrh. ' ' “rSCenon .ear pre.».ed 
npon .he presence of food in the upper diies.i.e p„oc,sn,al hemoglobinuria ii 

b) spontaneous remission A brief review of march a typ 

given and the association of albuminuria with hemoglobinuria is LEY 

T r^rerr,™ Inttosiok P B Hamilton, L E Farr, A Hiller 
Preparation of Hemoglobin Solutions tor Intra HosDital of The Rockefeller Institute 

aiHD D VanSlyke From the U S Navy Research Unit at the Hospital ot i 

for Medical Research, New York J Exper Med of oxyhemoglobin which 

A method is described for preparation of stcr , PX r niacma The procedure involves 

have the approximate protein of excess potassium b) treat- 

prccipitation of stroma by adding o i NHCl to la 

ment with sodium zeolite ,, „r,-narrd with qs to 98 per cent of 

The authors report that large volumes of solution can be rap ) P P stored^ar 4 C showed no 
the hemoglobin in active form capable of combining with ox) gen Solutions stored 
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(OE\cr«ion of hemoglobin to mcthcmoglobin over a period of two and a half months, but a small and 
% an able conversion was detected o%er a six month period 

LEI 

Prep uitTiON OF Dried Hemoglodin WITHOUT Loss or Activity L E Farr, A HtlkrandD D VanSljh 
From the U S Na\ } Research Unit at the Hospital of The Rockefeller Institute for Medical Rcscani, 
New York J Exper Med 86 465-475,1947 

The methods used for freezing, drjing and prcserting plasma in vacuo were successfully applied to 
hemoglobin solutions, but only after hemoglobin was deoxy genated to prevent formation of methemo- 
globin during the drynng process It was found that dcoxy'genated hemoglobin dried and preserved it 
vacuo retained all its oxygen-binding capacity for 180 day's when stored at temperatures from 4 to 30 C, 
for 92. days at 38 C and for 7 day's at 56 C Dried deoxy genated hemoglobin was partly converted to 
methemoglobin by cv'en momentary contact with oxygen, but it was stable when dissolved in natet 
before being exposed to air and could be stored for months at 4 C, in contact w ith air, w ithout significant 
loss of activity The dried hemoglobin had a foam structure which caused it to dissolve immediately 
upon contact with water 

Deoxygenation was accomplished by repeated shaking of hemoglobin solutions under diminish 
pressure Ail but traces of ox'ygen were removed by alternately de-gassing the solutions and saCutaQDg 
them with oxygen-free nitrogen It is pointed out, however, that after completion of this work, Penn^ ' 
Smith and Wcrkheiser reported a procedure for dcoxy'genation by action of enzy'mes m laked ce s W 
addmon of nicotinic acid and glucose This method is considered better adapted to large scale pitpara 


Renal Effects of Hemoglodin Infusions in Dogs in Hemorrhagic Shock P B Hamihtn , ' 

and D D VanSljke From the U S Navy Research Unit at the Hospital of The Rockefeller 

for Medical Research, New York J Exper Med 86 1947 K equal 

Dogs were bled, 50 cc per kilo body weight, and the blood withdrawn was quickly rep ac 
volumes of o 9 per cent NaCl solution, heparinized dog plasma, or 7 per cent 

globin solution The effects of more prolonged hemorrhagic shock w ere not studied When 

not replaced, ohguria or anuria developed and the urea clearance was depressed for severs 
bleeding, but renal function returned to normal within twenty'-four hours Infusion of o 9 p^ 
solution or plasma promptly relieved the oliguria and eleVated the urea clearance jc to fit^ 

globin solution also reliev ed oliguria promptly, but in some cases there followed a period ° 
day s in which urea clearance was depressed to about 15 per cent of normal and plasma histolof^ 

moderately elev'ated The clearance then returned to normal during the next fiv c or six day s 
observ anons are reported f nljuni 

When acidosis was produced before bleeding by giving NHtCl, the results after 
hemoglobin were unchanged, but since hemorrhage itself caused nearly as much aci osis 
acidosis was not excluded as a factor in these experiments ^ ^ injctdO'’’ 

It was show'n that methemoglobin was rapidly converted into activ e hemoglobin a ter 
that there was no significant difference between infused oxyhemoglobin and met 
effect on renal function or in rates of disappearance from circulation and excretion in 

The authors conclude that, although the immediate effects of hemoglobin in<li«‘^ 

treating posthemorrhagic shock in dogs, the subsequent transitory depression of urea c e^^ 
sufficient possibility of renal damage to prevent recommending the use of such solutions 
rutes L-E I 

a/idC A 

Renal Dam AGE follow'ingIntravascularHemolv SIS E L BurweIl,T D 

the Department of Medicine and Pathology', Peter Bent Brigham Hospital an 

ogy , Harv ard Medical School, Boston, Massachusetts New England J Med ay; jnd th^ ^ 

A case of massiv e intrav ascular hemoly sis follow mg a therapeutic abortion is ‘ 

agement of the subsequent anuna is discussed in detail The etiology of the emo 
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cnhci inric >■ i'( 1 licn> U u n1 t n I \ < 1 tJ’t tncmt < t I \ tct ni' n\ r r jiUi'ii (n 4iu mIK inj c tci! 

dnic I'l Hct'fliinc hs' lalk ' tl c atu ti ii * 1 1 c jhiJk • in die JTttJr 1 x Hill cn i’n'-t Al'nrui Jtul 

riicTpci;il t.14'' Cunr c-c \ t'l ; ^V•^Ic <« t J‘\- >1 (lie 1 iiHsiti nl tin i ^ r to (lie (ciMrtCv! 

of hcnioh I I’l c to /i i/f n 'till 1 11 

The tci.o\ ri \ oi tlic in al Ir ii 1 1 s ' !iov\ci’ l’\ tni-l ti tin < 1 'r i ^ il ti,' 1 1 the dcjtli of the pJtictit 
three nioulu Imci \ ttli ,ni r iitj - m hr r I'n^l ji «io m Ic 10 1 t ;ii (1 m d to lon m nl oiili until 
mal '-mime 1 1 c 1 i c mi c }v tan up 1 j stl 1 j-c r 1 < l lie orh him in 1 r] 'iio 1 Jtu! it' tte^tiiiciit .iic 
rc'icx'cJ 

C ^ i 

Tm rmu-K t VI V I ( 1 T m ivt * •» l» n 1 \ I’l o o 1 1 1> t* tin I'oi. fi Himiv tnriv or Nlinii vuk.i oni v 
U I // -or' H Fnr f r \ K Hi I n « ’ I? \ { ' / i 1 to 11 the Pcpjittncnt of I’jtliolo; \ 

^ ale I’niie 'U\ “vlio ] .1' hfr '.u 11 c Sc' Hare i ( < in ) I a j' Me*! '( nj ty 
S'lne arj pc i>tc t 1 ] an c*i if tciia! itio 1 ' at j o'l icii 1 1 ifor In cvticiiic tiitraia ciilir 

heiroK to Jne t'l 11 r a vl I \ 11 itaa ci 1 tt it j 1 1 t n < f H re an mii t of I'or lienio; lol'iii am! tiicthcino 

ch'hin N'cil cniorlol 111 lair'ii 1 c ever c al inii n haii ri,i al an >'111 t of o\t hrimirlol in In oli 
curie diTt a'dteiiiia anJ lejiutioi of i ratii n c tica ^t ic folio c>l micitioi of nictlieiiioplol'iii iii 
ammintt rcniliinr 111 pla 1 la in"iciitiatioi v of 1 t*iii p't 1 > it nlie ca iiimli liij lici coiKcntratioio 
ne'e tolerated In Jort mth rieate titit c ontj nt Viido o p olmcd In adiiitnittiaiioii of o 1 N Iiiilro 
chlora acid appealed to Itaic le ' c'ictt than olirntia in the j ti'diutioii of tciial datiia; c after in|cciion' 
of itictlicmoplohin In andotie dopt the pH of the tiiii c to r j oinpiK with the oii'ct of henioplohtnti 
ria, 'ometimcv from appoviinateh \ ^ to ~ o, hut no c\plaiiatio!i of thi'> ihanpc pneii 

Kidncw of the c aininalt \ eic cvaiiniied In the feifoi-t aiiule hi'toiheiiiiial tethniL to deteriinnc 
"hethcT the renal nihulc' nctc ftiiutioiialK oh ttiivted In addiiioii, ta'C- were tca'cd out of friveii 'cc 
tiont diteohed 111 hufTer tohmoiis and the ah oiption 'pcitra and »ohihiliiie' of their pipnient' nerc 
determined 

Material fillinp the Itinnna of the tuhiilcs nas fmiiiJ to he chicfli iiictheinoplohin m concentrated solu- 
tion of pel like consitteiKt N’o cMdcncc of fiirniaiion of pipnicnt' nith as lieniochroniopcn or henntin, 
insoluble at the pH of the tirinc w as found Olntriiciton to the lion of urine throuph the tubules appeared 
to be an important factor in carls reduction of renal function and \\ ns ntirihuted to increased siscosits of 
tubular contents It is worths of note, hosscser that the concentrations of licinoplobin and nicthcnio 
globin produced in the plasma in these c\pcrinicnts sscrc for the most part considcrnhl) in c\ccss of those 
encountered chnicalls The mechanism of cast formntion under these conditions is not set clcnr 

Necrosis of proscimal cons ohiicd tubule cells ssas found as 3 Intc lesion nnd s\ ns deemed a contributing 
factor in the persistent depression of rcnnl function Folloss inp disappcnrnncc of most of the intritubulnr 
pigment, mans collapsed tubules lined with hemosiderin filled cells sscrc found and sscrc considered to 
represent nonfunctioning nephrons 

Direct measurements ssith n T tube cnnnuln inserted into the rcnnl scin in tsso nnimnls failed to rcscnl 
ans reduction of renal blood floss folloss ing injection of mcthcmoglobin in amounts sufTicicnt to produce 
renal injur) It should be jxiintcd out, boss eser, that the method here cmploscd might fail to measure a 
reduction tn cfTcctisc renal blood floss , if such occurred, due to disersion of floss from cortex to medulla 
b) recentl) discosered shunting mechanisms 

LE Y 

IRON METABOLISM 

The Pathogenesis of Cttosiderosis (Hemochromatosis) as Evidenced in Malnourished Africans J 
Gtllman and T Gtllman From the Department of Anatomy, Medical School, Uniscrsity of the Wit- 
's atcrsrand, Johannesburg, South Africa Gastrocntcrolog) S 19-13,1947 

Based on numerous histochcmical studies of hscr biopsy material and tissues obtained postmortem 
from nutritionally deficient African names, many of svhora presented clinical and pathologic csidcnccs 
of hemochromatosis, a theory is proposed by the authors regarding the sequence of events operatise m 
the pathogenesis of that disease Initiall) , as a complication of malnutrition, commonly pellagra, there 
occurs a degradation of intracellular iron compounds, possibly cytochrome or catalase During this stage 
of the process a striking porphyrin like fluorescence is demonstrable on examination of liver tissue, it is 
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presumed that other tissues are likewise involved in this process of deterioration Iron liberated vvitli 
the liver is excreted into the bile, then promptly and completely reabsorbed into the intestinal nmeos; 
The cells lining the intestinal tract, similarly affected by the underlying metabolic disorder, become laJt 
with iron Iron accumulates in the lymphocytes of the tunica propria and subsequently enters thclji 
phatic circulation, chains of mesenteric lymph nodes becoming progressively pigmented Evcnmallysii 
cicnt iron becomes absorbed into and distributed by the systemic circulation to effect a generalized sidm 
SIS of the entire reticulo-cndothclial system, including the Kuppfer cells, which now serve as an addiuooi 
source of iron delivered to the upper abdominal lymph glands, already pigmented from iron<ontaiiiui 
lymph derived from the liver itself In severe cases these glands draining the small intesune, stomidi 
pancreas and liver become extensucly intolved Successful arrest of the process necessarily invoKoii 
attack on the fundamental disorder of intracellular metabolism, which is believed to be secondarj toi 
nutritional deficiency 

CPE 


Haemosiderosis pulmonum P Hanssai From the Medical Department of the City Hospital of Bergeo 
Bergen, Norway Acta Pacdiat }4 103-111,1947 

A case of this unusual syndrome was diagnosed clinicall) from the appearance of the pulmonary ro- 
entgen picture and the hematologic status This was characterized b) the mixture of sideropenic and 
hemolytic symptoms that is ty pical for the malady The hemoglobin responded well to iron therapy 
There was noted a constant reticulocy tosis, urobilinuria and periodically increased scrum bihnibin Of 
special interest is the demonstration of large amounts of hemosiderin in microscopic sections of the p 
tient s sputum Another finding that may possibly be of importance for the understanding of the disease 
in the future was a sarcoid-like structure found in an excised cervical lymph gland No autopsy was per 
formed but the clinical diagnosis was quite consincing It is probable that this syndrome is somctiiKS 
overlooked and should be diagnosed more frequently ^ 

Studies on Free Erythrocyte Protoporphyrin, Plasma Copper, and Plasma Iron in 
PYRiDoxiNE-DEPiaENT Swine G E Carttmght and M M Wtntrobe From the Department 0 
University of Utah School of Medicine, Salt Lake City, Utah J Biol Cbem 
This IS an extension of previous studies by these authors on the anemia produced 
ficiency in swine Normal values of erythrocyte protoporphyrin in swine were found to 
7 too cc , scrum copper xo6 ± l 6 3 7 per cent, and scrum iron 169 d= 38 8 7 per cent In py^ ^ ^ 
ficiency, protoporphyrin was reduced to an average of 47 rfc 13 6 r Copper was reduce 
pier cent while scrum iron showed an increase to 408 ± 166 6 7 per cent Urinary coproporp ^ dropyed t 
altered Following intravenous administration of pyndoxal and pyridoxamme, ^ jp 

normal limits within twenty-four hours, and erythrocyte protoporphyTin rose over sev 

normal limits fundio®'^ 

The authors suggest that in view of the reduced free erythrocyte protoporp 
disturbance in crythropoicsis may be a failure to synthesize protoporphyrin The e cv 
and tissue hemosiderosis is a natural sequence of this block in hemesynthesis ^ can't 

These investigations arc the first to suggest such a defect in similar*'*^ 

anemia Investigations along this line arc warranted in Cooley s anemia whic as c 
the anemia of pyridoxinc defiaent swine Cj'-f 

Reduction of Iron by Foods in AaTiFiaAL Gastric Digestion E R the 

S James From the Department of Biological Chemistry, College gipj chem ‘d ' 

of Chcmismy, College of Pharmacy, University of Illinois, Chicago, 10° ^ ^ 

A metS IS described of measuring ferrous f ^ fane mon m^^^e 


A metnod IS acscriDca or luca&umig icnuus auu .w.- ^ ' various foods 

tions simulating gastric digestion, th- degree of reduction and ‘“g n to 98 per ceot 

terials was tested The rcJucaon of iron varied with different foods r 

and proteins were felt to be in part responsible for this reduction 
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Recent studies hi\c indicated that dietar\ factors arc important in determining iron absorption Since 
there is some etidence that iron must be in the ferrous form for absorption to occur, this reduction capac- 
ity of the diet ma) be a determining factor 

CAP 

Variations de la Sidkremie et de la Cuerlmie au Cotms de la Rloi neration des Anemies par la Me- 
thionine (Variations in the Blood Iron and Copper Concentrations Found in the Course of Anemias 
Treated \sith Methionine ) Lafontatm and A Gajdos Sang jS L4L-l46, 1947 

The authors describe 4 eases of human anemia treated sMth i. Gm methionine daih, in which the 
amount of scrum iron and copper \scrc estimated (Iron estimated bs the method of Heilme} er and Plot- 
ncr, modified by Lederer and De Mouschalt, copper estimated bj the method of Callan and Henderson, 
modified b} Bnskas ) In all 4 cases, the amounts of scrum iron and copper increased considerably at the 
bcginmng of the treatment, despite a diet poor in these elements The increase of scrum iron is more im- 
portant than that of scrum copper While the anemia regresses, the copper, and above all the scrum iron, 
decreases It seems, therefore, that methionine aids the mobilization of iron and copper It -would be in- 
teresting to gne iron with methionine thcrapcuticall) 

JPS 


LEUCOPENIA AND AGRANULOCYTOSIS 

The Effect of TiuMETHyLOVAZouDiNE Dione (Tridionb) on the Blood J P Davis and W G Lennox 
From the Department of Neurology’, Harvard Medical School and The Children s and Infants Hospi- 
tal, Boston, Mass J Pcdiat }i 14-33,1947 

Periodic hematologic evaminations of 117 patients receiving tridione demonstrated, as the only altera- 
tion of possible serious significance, the gradual development of a definite neutropenia in 6 3 per cent, 
the ncutrophilc counts in this group falling to values between 600 and 1600 per cubic millimeter An addi- 
tional 7 per cent exhibited a mild neutrophilic depression, counts descending below X5oo per cubic milli- 
meter The total leukocyte count was relatively unaffected, due to a concomitant absolute lymphocytosis 
The occurrence of granulopema was unrelated to dosage of the drug, or to the therapeutic schedule em- 
ployed, no premomtory or accompanying clinical manifestations or hematologic abnormalities were ob- 
served, in no mstance was its onset abrupt, or its progression rapid Restoration of a normal granulocyte 
count promptly and invariably followed discontmuance of the drug Therapy was resumed in 3 cases 
without recurrence of neutropenia It is emphasized that, whereas drugs with this type of molecular 
structure may be potential bone marrow depressants, the administration of tndione may be safely con- 
trolled and the development of a marked or irreversible neutropema forestalled by conducting monthly 
hematologic examinanons which should always include a leukocyte differential, as well as total white 
cell count 

CPE 


Aoranulocttosis and Hepatocellular Jaundice Toxic Reactions Following Propylthiouracil 
Therapy H J Livingstoti and S F Livingston Brooklyn, N Y JAMA sjs 4a^~4^5> i947 
The 68 y car old hypcrthyroid patient who forms the subject of this report developed sudden acute neu- 
tropenia ( agranulocytosis ) after the previously uneventful administration of some 13,400 mg of 
prop) Jthiouraal in a period of ten weeks The blood showed 1,000 white cells with no granulocytes at all, 
and granulocytes were virtually absent from the marrow puncture About the same time, however, a non- 
hemoljtic jaundice supervened, attributed to hepatocellular damage caused by the propylthiouraal 
reatment consisted of pcmallin, streptomycin, aimno acids, liver extract, vitamin injections, and blood 
transfusion, and improvement gradually occurred The thyrotoxicosis remained unchanged and required 
subsequent thvroidcctomy 

It IS impossible to evaluate this cunous ease from the published article, in which no tables were m- 
u CQ because of lack of space The neutropenia is amenable to explanation on the basis of known dam- 
age to granuloc) topoicsis in the marrow , vshich has been well demonstrated in the ease of various drugs, 
2nd has been reported for half a dozen eases with propylthiouraal The occurrence 
o cpatic in\ oh ement must be v cry rare or c\ cn unique, and the question of its cuology remains uncx- 
P aincd from the data presented 

SE 
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Leukophki A Following THE Use OF Propylthiouracil W J Etsentnngtr and J M St«k From the New 
York University Division of the 1 -cnox HiH Hospital, New York JAMA i}s 310-11, 1947 
The authors report a patient of 65 with hyperthyroidism, who developed a Icukopcma and nentro- 
penia (white cells 3,400, neutrophils, 40 per cent) after administration of some 36 grams of thionracilma 
period of five months Cessation of drug therapy was followed by prompt return of the leukocyte and as- 
trophil values to normal, but relapse in the hyperthyroidism occurred within two months The pan® 
was therefore put on propylthiouracil, 50 mg three times a day, and later 75 mg daily There wasso 
effect on the blood counts, but the thyrotoxicosis remained uncontrolled, and the dose of propyltiuouradl 
t\ as raised to loo mg daily This increase in dosage w as followed by a rapid fall of white count to t.ico 
per cu mm , with xx per cent neutrophils This drug, too, was therefore stopped, and the count rctnmrf 
to normal values Thyroidectomy was subsequently used to control the hyperthyroidism 

According to the authors, of some 471 cases treated w ith the drug this is the seventh case in the liters 
turc of leukopenia due to propylthiouracil 

SE 


THE Rh factor AND ERYTHROBLASTOSIS FOETAUS 

Erythroblastosis Foetalis or Haemolytic Disease of the Newiborn L K Diamond From the Chil 
dren s and Infants Hospitals and the Harvard Medical School, Boston, Mass Free Roy Soc Med 
40 546-550, 1547 

This IS the substance of a lecture delivered by Diamond in England in May 1947 Several points covered 
in this review arc of interest 

I About 13 per cent of all marriages involve an Rh negative woman and an Rh positive man, but only 
one in 150 of all deliveries results in an infant with erj throblastosis fetalis In other words, less than one 
susceptible woman in xo is sensitized by pregnancy alone, whereas a single transfusion of Rh 
blood, followed by subsequent pregnancy, in an Rh negative woman, increases rhe chances that the 
will be cry throbiascocic from 5 per cent to over 50 per cent 

i The results of treatment of affected infants over a period of some twenty y ears ate reviewed 
fifteen years in which the only treatment was transfusion of compatible blood, usually fromtne 
father (i c , Rh posiuvc), the mortality, including stillbirths, was 40 per cent During 
which treatment consisted of multiple small transfusions with Rh negative blood, the mortaUT 

percent In the period of 1944 to 1946, when early delivery in affected eases was combined wi ^ ^ 

tive transfusions after delivery, the mortality was xo per cent The newest technic, combing 
livery with careful studies at birth and, when indicated, cxsanguination-transfusion of 
resulted in a mortality of about to per cent m the first 50 cases Of those that recovered, 
the single procedure of cxsanguinauon-transfusion, and only a few needed a subsequent sm 
in the third week of life indicated W 

3 Diamond gives flexible indications for cxsanguination-transfusion The procc urc is 

when the mother has Rh antibodies in the scrum, and the infant has clinical crythro yood 

when the mother has Rh antibodies in the scrum, the infant has no symptoms at it 
shows the baby to be Rh positive and his serum to have Rh antibodies If the infant niost'’^ 

though Rh positive, has no free antibody by suitable tests, no therapy is attcmptc a sia|l 

this group, no treatment became necessary, although a few such infants subsequent > 

transfusion of blood ^ ^ ®cchjn' 5 <®* 

The experiences of Diamond arc in keeping with generally held ideas concern! 

erythroblastosis fetalis S^- 

Haemolytic Disease of the Newborn in South African Natives Report of ” M J 

From the South African Institute for Medical Research, Johannesburg Sout 

J jirprC 

T^c^ 3 eases of erythroblastosis fetalis cited in this report are presumably tivc and ^ 

South African natives It is emphasized that only 5 per cent of the natives ar jtnong 

18 per cent of Bantu bloods react with anti-C (anti-Rh^) scrum as compare 
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pcans It IS extremely rare, moreoter, to encounter natitc bloods t\hich react with nnti-E (anti-Rh") 
serum (30 per cent among Europeans) 

All of the 3 cases reported occurred in infants born of Rh positn e mothers, and in each case incomplete 
antibodies were present while abnormal agglutinins were absent In the first case the babv s type was CDE 
(RhiRh-) and the mother s tt pc was CDc (Rhi), incomplete antibodies against CDE (Rh") were found m 
the maternal serum — a finding of rarin eaen among Europeans In the second case the bab) s type avas 
CDc (Rhi), the mother s Cdc (Rh'), anti-D (Rho) incomplete antibodies were present In the third case 
the bab) s t)pc was CDc (Rhi), the mother s cDc (Rho), and incomplete anti-C (Rh') antibodies were 
detected 

LEY 


The iNarEEUGENCE Quotient in Cases of Rhesus iNCOMPATiniuiTa Creak Arch Dis Childhood 22 
i8i-i8l, 1547 

Forty-three unsclcctcd cases of era throblastosis fetalis who survued were studied for intellectual 
development b) means of Gcscll s dc\clopmcntquoticnt(D Q ) and standard intelligent quotients (I Q ) 
It w'as found that 5 children who had gross neurologic inaolvcmcnt consistent with kcrnictcrus, all had 
lowD Q and low I Q In all, jaundice and anemia had been present after birth Only two other children 
had slightl) low D Q and I Q On the other hand, yother children with slight ph) sical abnormalities 
not suggestue of kcrnictcrus, had normal D Q and I Q , and in a of these, jaundice had been extremely 
sc\crc 

These results suggested that severe mental defects in such patients is closcl) associated with the 
physical charactcrisucs of neurologic damage In the absence of such damage due to kcrnictcrus, the 
mentality is perfectly normal Er) throblastosis fetalis in itself, in other w’ords, has no particular re- 
lationship to impaired intellectual dcsclopmcnt, unless the latter is due directly to brain damage attrib- 
utable to kernicterus 

SB 


Determination op Anti-Rh Antibodx in Infants with Ertthroblastosis Fetauis W E Wheeler and 
M L L Scholl From the Department of Pediatrics, Ohio State University College of Medicine, and 
the Children s Hospital, Columbus, Ohio Am J Dis Child 74 1947 

A superior method for liberation and demonstrauon of both complete and incomplete anu-Rh anti- 
bodies attached to erythrocytes of babies with erythroblastosis is described Washed packed red cells 
from the infant are divided into two equal portions, one of which is resuspended in 3 volumes of saline, 
the other in a similar amount of a 10 per cent solution of bovine albumin Both portions are heated at 
45 to 50 C for 30 to 40 minutes, then centrifuged rapidly at the same temperature and the supernatant 
fluids tested with Rhi, Rhj and Rh negative cells of the same OAB group In 10 of ii cases, the albumin 
supernate gave a positive conglutination test, but all of the saline supemates failed to produce agglutina- 
tion In 6 cases, however, Rh positive cells incubated m the saline supemates became sensitized as demon- 
strated by their agglutmation when anti-human-serum rabbit serum was added 

It is emphasized that these procedures establish the specificity of the antibody attached to the baby s 
cells, ^vhereas the Coombs, Mourant and Race (CMR) test with rabbit scrum, when carried out by 
Itself, merely demonstrates the presence or absence of cell-bound globulin The case with which Rh 
antibodies arc separated from cells b) heat suggests to the authors that the antibodies have low avidity 
The) offer this as an explanation for the puzzling situation present at birth in which there may be found 
free antigen in agglutinablc red cells, free antibod) in the baby s scrum and antibody combined with 
antigen in the red cells It is further suggested that after an Rh positii c cell is damaged, Rh antibody ma) 
be released in mso to attack fresh Rh positiic cells introduced into the circulation, and that antibody 
Wa) not be bound to fresh cells permanenth The importance of these considerations in exchange trans- 
usions and in the transfusion of Rh positiic cells to cr) throblastotic infants is stressed 

LEY 


tudies on the Conglutination Reaction, with Special Reference to the Nature of Conglutintn 
^ S leiier, J G Hurst, am! E B Sonn-Gordon From the Serological Laborator) of the Office of the 
Chief Medical Examiner of the Cit\ of New York J Ex-per Med S6 x67-l84, 1947 
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The nature of conglutinm was explored bj adding plasma and plasma constituents singly and mcom 
bination to Rhi and Rhs cells sensitized m respective tubes with serial dilutions of Rh antisera containiDg 
incomplete antibodies Supernatant fluid was removed as completely as possible from the cells before 
congluunin was added 

It was found that dilution of oxalated human plasma iMth more than an equal volume of saline de 
stroys Its ability to produce conglutination of cells sensitized by univalent anubody Plasma shmd 
greater conglutinating activity than scrum, presumably due to the presence of fibnnogen, which tbe 
authors consider an important component of the colloidal complex of proteins making up congluBnio 
Heating at 56 C for 30 minutes weakened slightly the activity of plasma by causing preapitanon of 
fibrinogen, but similar treatment of scrum improved us activity slightly 

Although there was little variation in conglutinm activity of sera from different normal adults, 
fetal plasma and scrum yielded much lower titers The rapid increase in conglutinm content of the blood 
after birth is correlated with the abrupt onset of icterus gravis The use of whole atrated blood m a 
change transfusion of an crythroblastotic baby caused a rise in total plasma proteins and conglunnanog 
activity, whereas replacement of transfused plasma with saline eliminated this unfavorable change in the 
infant s plasma 

Although 2.5 per cent human albumin solution yielded titers only half as high as plasma, a mixture of 
I part albumin with 3 parts plasma produced a fourfold increase in titer of the plasma Addition of mote 
or less than this optimal amount of albumin resulted in lower titers Albumin soluuons of less than u 5 
per cent and immune globulin solutions of less than 4 6 per cent concentration had little conglunmn 
activity, but mixtures of these dilute solutions in optimal proportions showed activity greater than that 
of plasma On the basis of these observations it is emphasized that intensity of conglutinauon does not 
depend merely on the total protein content of the medium of suspension It is further suggested that there 
may be substances in normal plasma which tend to maintain albumin and globulin in molecular disper 
Sion, and that fractionation may render albumin and globulin less hydrophilic, thus increasing their 
tendency to form colloidal aggregates 


MALIGNANT LYMPHOMA 

La DIAGKOSl CITOLOGICA DE8 GRAKULOMA MALIONO PER PUNTURA MIDOLtjlRE, SPLENICA E OHIANDOL** 

(Cytologic diagnosis of Hodgkin s disease by bone marrow', splenic and lymph node 
L Battutom and F Peraxxim From the Istituto di clinica mcdica generalec terapia me • 
universita di Bologna Haematologica }o 1947 ^ 

The authors studied 7 cases of Hodgkin s disease by means of organ punctures and 
found in bone marrow punctures, an inaease in plasma cells which were frequently 
occasionally noted Sternberg cells In the splenic punctures there was an inversion ° 
ratio lymphocytes/granulocytes as a resut of increase in the granulocytes, and Sternberg ^ 
noted In lymph node punctures, Sternberg cells were found in all cases and there was a stn ^ 
polymorphism, with granulocytes (neutrophils and eosinophils) lymphocytes ,My m 

In other words, of these three procedures, lymph node puncture was the easiest an t ^ 

insure a diagnosis of Hodgkin s disease j pi 

r f CMitr Ff®® 

Lymphomas and Leukemias The Value op Early Diagnosis and Treatment 

Memorial Hospital, New York J A M A 79^ x44-i49, 1948 s of cancer The 

This article is part of a series on early diagnosis and treatment of various jughlights are 

summarizes present principles of treatment of the lymphomatous disorders ' be consid«'^ 

I Any inflammatory lyrophadenopathy which persists for three wee s 
malignant until disprovcn by thorough investigation, including biopsy [o iL 

X The treatment of choice for Hodgkin s disease or lymphosarcoma is mten 
involved areas It is emphasized that the minimum doses ,ust sufficient 
not adequate therapy, but much larger doses-Fobably to the limit of 
(Specific schedules are given ) 
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3 The treatment of choice for chronic leukemias is also \-ra} 

4 The nitrogen mustards are of palliatne taluc in certain disorders, notably generalized Hodgkin’s 
disease Radioactit e isotopes are of pillntn e ^ alue, notably radioactn e phosphorus or sodium in chronic 
leukemia Urethane ma) be effectne in some chronic leukemias, but inconstantly (p-^ to 33 per cent of 
cases) None of these agents is considered the treatment of choice 

5 Certain early cases of Hodgkin s disease, which seem to be localized, may be cured by complete 
local exasion followed b) intensne postopcratise irradiation, or, perhaps, b) intensive local irradiation 
alone 

SE 


Recent Advances in Treatment or Lymphomas, Leuxemias and Aeued Disorders L F Craur From 
the Memorial Hospital, New York Bull New York Acad Med 3-2.5, 1548 
The author summarizes his own experience at the Memorial Hospital and that of other recent ob- 
seners in a well organized rex icxx Particular emphasis is placed on (i) improvement in palliative results 
m Hodgkin s disease, I3 mphosarcoma and chronic I3 mphatic leukemia by early detection of local lesions 
and treatment WTth roentgen irradiation, CO use of nitrogen mustards in patients with generalized 
Hodgkin s disease, (3) use of P3e in pol) C) themia and in chronic myeloid and lymphatic leukemia with 
mimmal enlargement of spleen, liter and nodes The limited application of urethane in some cases of 
leukemia and of stilbamidine in multiple m\ eloma is briefly discussed 

In lookmg to the future, the cure of some cases of Hodgkin s disease and lymphosarcoma is considered 
a possibilit) If these diseases ha\ e a unicencric origin, sufficient!) early obliterative roentgen therap) or 
even radical surger)’’ might prose curatne, in the author s opinion Considerable hope is also held for 
more specific attack on these disorders by means of further modifications in radioactive isotope therapy 
and b) discox'cry of more effeeux e chemical agents 

LEY 


Discussion Treatment of the Lymphadenopathies K B Scon, M J Stewart, E L Cohen, D W 

Smtthers, and J D N Nabarro Proc Ro) Soc Med 40 fiiy-fixz, 1947 

Several points of interest are included in this informal discussion of the treatment of the lymphomatous 
diseases The generall) accepted doctrine that, on the xxhole, treatment does not influence durauon of 
life, although it ma) affect comfort and economic usefulness during life, is supported by comparative 
data Comparison of patients xvith Hodgkin s disease treated with x-ray 0 ^ 939 ) ^ud xvithout x-ray 
Ci 9 H) showed no statisucal difference in sunuval times, although improvement of symptoms folloxving 
X ra) is well knowm A similar result is noted in the leukemias and reticuloses Scott points out that 
surgical excision of a localized group of nodes inxmlved in Hodgkin s disease may allow permanent cure, 
and mentions 3 such personal cases Isolated instances of such result are well known, although the pro- 
cedure is accepted xvith hesitation by most 

It IS of mterest that splenectom) is recommended (by Scott) in the occasional selected case of Hodg- 
km s disease or leukemia in xvhom s)mptomatic hemolytic anemia or s)mptomatic thrombocytopenia 
supervenes The principle that splenectom) is not necessarily contraindicated once the diagnosis of 
IxmphomatOus splenomegaly has been made, but that the operation, by affording relief, especially from 
a hcmol)tic process superimposed on the undcrl)ing disorder, is becoming increasing!) recognized as 
good medical practice in propcrl) selected cases 

SE 


The Clinicae and Pathologic Effects of the Nitrogen and Sulfur Mustards in Laeoratort An- 
ixiALS I Graef, D A Kartiofik) , V B Jager, B Krtchesky and H W Smith From the Departments of 
Ph)siologx and Pathologx , Nexx York Unix ersit) College of Medicine Am J Path 24 1-47, 1948 
effcas of xanous nitrogen and sulfur mustards were inxestigatcd in albino mice, albino rats and 
^ exx Zealand rabbits Whenexer possible, the effect of these compounds in other species xxas presented 
n general, leukopenia xxas the most distmctixc feature of the intoxicauon Done marrow reacted bx 
oxxing initial degcneratixe changes folloxxcd bx a rapid depletion of all hematopoietic cells Weights 
o the spleens, thx muses and Ixraph nodes decreased markedl) These changes were reflected histologi- 
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calJ^ b) a loss of follicles Jn ]}mph nodes, an atrophj of malpighian coqiuscles in the spleensandishnnL 
age of the thjmic cortex follon ed bj intolution The effects of different routes of adnunistration wot 
discussed as well as the effects on other s) stems and tissues 

OPJ 

The Effects or -Dichlorodiethtl-Methylamine HydrochlorhJe ov the Blood Formind Tissm 
G S. Cameron, F C Courttce and R P Jones From the Expcriincntal Station, Porton, Wilts, Engliti 
J Path &. Bact S 9 42 - 5 - 435 . i947 

A mtrogen mustard in the form of its h)drochloridc ^^as administered to rabbits and dogs forth, 
purpose of stud3ing its effect on the blood and hematopoietic organs Doses given either intravenously 
or subcutaneously produced similar results There was a generalized damage to the blood forming tissnt 
but they did not all respond in the same manner nor to the same degree Germinal centers of the lynpl 
nodes and the spleen showed necrosis as carl) as three to six hours after admimstration of thedmg Thi: 
was reflected in the blood by a h mphopenia and in the rhoracic duct l>mph by a decreased output Dam 
age to the bone marrow was reflected by a granulocytopenia following an initial inaease This granu 
locy topcnia could be maintained bt rcpicatcd doses of the drug Since red corpuscles have a longa life 
than granulocy tes in the circulating blood, anemia was produced only after repeated doses of the mnogto 
mustard Experimental anemias were produced in treated and untreated animals to determine thccitoit 
of bone marrow damage The rcticulocy tc response was delay ed in treated animals but it rose quite rap- 
idly after the drug was disconunucd The action of this nitrogen mustard on the hematopoieac organs is 
very rapid and the recovery from it equally so 


Nitrogen Mustard as a Therapeutic Agent for Hodgkin s Disease, Lymphosarcoma, and Levkbos 

M M Vdtntrobe, C M Hugulej , Jr , M T MtLennan, and L P deC Lsma From the Deprnnent o 

Medicine, Univcrsitv of Utah School of Medicine, Salt Lake Cm, Utah Ann Int Med a; 9 -T 

540. 1947 

Sev enty -sev cn patients were treated with di(B-chlorcthy I) methyl amine hy drochloride, employing 
most cases a dose of o i mg /kilo repeated four to six times In Hodgkin s disease along vvith gtn 
improvement and decrease in size of the involved lymphoid tissue, there was a striking aJicnano^^ 
fever Pmritis was variably affected, dependent on the general response to treatment 
considered to be good in 61 per cent of z8 cases, and remission occurred in several panents 
be x-ray resistant In lymphosarcoma, response was good in 4 of ii pauents and in 
one-third of the cases responded well Results in acute leukemia were generally j 

mention is made that small doses of mustard were v cry effective in bone pain The authors 0 ^ 
consistant reduction in both granulocytes and ly'mphocy tes following therapy , but m only 
they encounter the climcal picture of agranulocy tosis The red count and platelet levels were 
affected CAT 

^ Jffjj F ^ 

Nitrogen Mustard Therapy IN Cutaneous Blastomatods Disease E D Oshome,J 

Hoak, and F J Psebeerer From the Umvcrsity of Buffalo School of Mediant , B * > 

J A M A xy/ 11Z3-11Z8 C1947) homatousdisofd^fi^’^ 

This report concerns the effect of the nitrogen mustards in 4 patients with lymp ^lics sho'ec<^ 
the skin, and i paaent with diffuse lupus cry thematosus Two pauents with my cosis pfogrtssm^ 

prompt and dramauc improv emenr in both signs and sy mptoms, but rapid relapse jcsioU, 

(and death in i case) occurred One pauent with lymphosarcoma showed disso ]cokopv°‘2 h 

lymph nodes, and abdominal masses, but died within two weeks with progressive ^ ^tbosi- 

IS of interest that no gross or microscopic evidences for lymiphosarcoma w ere preset a ^ ^ 

biopsy before treatment showed defimte lyunphosarcoma In a patient with chronic di^^ 

and Hodgkin s disease, the nitrogen mustard therapy had no effect In a 

lupus erythematosus, who had had no response to x-ray therapy, t^use o to i®F^'^’ 

lowed within four days by vmtual disappearance of the eruption The pa 
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although a few areas of chronic discoid lupus erythematosus appeared on the face and neck within three 
months 

Most dramatic in the patients’ responses was relief of the severe, stubborn itching present in mycosis 
fungoides and in the patient with lupus The results here presented duplicate, in general, other obser- 
vauons of the response of lymphomatous disorders to the nitrogen mustards The authors emphasize that 
they do not advocate the general use of these agents in nonmalignant conditions such as disseminated 
lupus 

SE 

ErPEcrs op Urethane in the Treatment of Leukemia and Metastatic Maugnant Tumors J S 
Htnchbocik, M C F Ltiidert, J Chase, anil T L Calty From Marquette University School of Mediant, 
Milwaukee County Hospital, Milwaukee, and Veterans Hospital, Wood, Wisconsin JAMA 
ijtf 90-95, 1948 

The results of the treatment of 2.5 patients with leukemia, and 8 patients with malignant neoplasm, 
with urethane are summarized The drug was most effective in produang remission in patients with 
chrome myelogenous leukemia Its effect was inconstant in chronic lymphatic leukemia It was of no 
^alue in the acute leukemias, or in the patients with carcinoma or sarcoma These results are in line with 
previous mvestigations of the effects of urethane in these disorders The drug is recommended as an ad- 
junct form of therapy in selected cases of leukemia, and not as a general substitute for x-ray therapy in 
these diseases 

SE 

Ltmphoblastoma An Evaluation of the Differences in Sensitivity to X-ray Irradiation of Dif- 
rRRENT Types, and Its Appucation to a Quantitative Therapeutic Test W L Palaxxo From 
the Radiation Therapy Department, Bellevue Hospital, New York Radiology 48 484-491, 1947 
In this rejiort the author attempts to classify various lymphomata according to their response to x-ray 
therapy, and proposes a therapeutic test with x-rays His list places giant follicular lymphoblastoma at 
the top as most radiosensitive, and follows it with lymphatic leukemia, lymphosarcoma, polymor- 
phous-cell sarcoma, and Hodgkin s disease 

A therapieutic test is recommended for deep-seated tumors in which biopsy is not feasible, such as 
mediastinal masses In such tumors, the author believes, lymphatic leukemia is easily excluded by ex- 
amination of blood and bone-marrow preparations If this diagnosis has been ruled out, he then measures 
the size of the mass on an x-ray film, and then gives 600 roentgens to the lesion in two days, and re-x-rays 
and measures the mass three days later If there has been a deaease in the size of the mass of 15 pier cent 
or more, a diagnosis of giant foUicular lymphoblastoma or of Ijunphosarcoma is in order, and a tumor- 
/ killing dose of x-ray is given Recurrence after this suggests lymphosarcoma 

If the second x-ray examination shows no dimmution in the size of the tumor, the author gives further 
irradiation to the tumor If regression occurs when iioo to 1000 roentgens have been given, the mass is 
considered a piolymorphous-cell sarcoma If regression occurs only after zooo to 3000 roentgens, 
the mass is probably Hodgkin s disease If no respionse has occurred after 3,000 roentgens have been 
given, the mass is radioresistant and pirobably belongs to a heterogeneous category including neurogenic 
sarcoma, carcinoma, various cysts, etc 

There is no discussion in the article of other forms of therapy of lymphomata, such as the nitrogen 
mustards 

SE 

L Anemie de la Maladie de Hodqkin (The anemia of Hodgkin s disease ) Georges tAarchal (Pans) 
Re\ Hcmat 1 479-497, 1947 

Anemia is generall) considered as a sign of slight importance in the course of Hodgkins disease 
Marchal, on the contrar) , considers it as an important factor and one of the essential signs of malignit) 
He has made a \crv comprehensive and well documented studs of it 

Clinicalh, the author distinguishes three forms anemias of an acute tjpic, anemias connected with 
honj invoKcmcnt, and anemia with splenomegah Clinical, anatomic and expjcnmental studies show 
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that the mechanism of these anemias is essentially hemolytic (shown by the rcticulocytosis and the 
indirect bilirubinemia) and also crythrophagic (shown by the macrophage hyperplasia found panic 
ularly in the spleen) 

IMMUNOHEMATOLOGY 

Preparation from Human Red Cells of a Substance Inhihitinq Virus Hemagglutination F df 
dt Burgh, Peii-Chuiig Yu, C Hotie, and M Bovamtek From the Department of Bacteriology and Im- 
munology, Harvard Medical School, Boston, Mass J E\pcr Med Sy 1-9, 1948 
Methods are described for extraction and purification of a substance inhibiting the aggluunatioool 
red cells by influenza (PR8) and mumps viruses Human red cells of all types served as the chief sourced 
inhibitor, activity being associated with the clinin fraction rather than with the stromatin fraction 
described by Calvin and coworkers Material having similar properties was also found in human lung, 
but not in human liver, 1 idney or scrum 

Active extracts were purified to the extent thato 1 gamma of material inhibited one hcmagglutinating 
dose of virus The most highly purified fractions contained 6 per cent nitrogen, at least 50 per cent 0 
polysaccharide, and no phosphorus In the ultraccntrifugc the purified preparation behaved asa^lv 
disperse macromolccular substance The active material was obtained from red cell stroma in an e 
and chloroform-soluble form which, on further treatment, w'as converted into a chloroform mso u 
form It IS considered possible that the former represents more closely the virus receptor as it exists m 
intact cell 

The purified inhibitor was inactivated on incubation with virus at 37 C r cd 

This report, and many others in the recent literature, sene to emphasize the importance 0 
cell relationships It seems likclv that further attempts to purify the various substances present in 
cyte stroma may produce results that will aid m clarifying the nature of viral parasitism « E® 
therapeutic implications of these studies arc also apparent ^ « y 


IRON AND PORPHYRIN METABOLISM ^ 

Studies on the transportation and metabolism of iron in the body C ~B LaurtU 

Laboratory, University Hospital, Lund, Sweden Acta physiol scand Vol A short 

The work begins with a discussion of previous results regarding the transportauon 0 ^ 
survey of the importance of the scrum iron fraction is also given, together with a iscuss 
binding capacity of scrum In this connection, the author mennons some of his own exper 
at an isolation of the specific uon-binding protein in the serum ,hcre 

Holmbcrg s and Laurcll s earlier work on the saturation limit for iron in niaxima' sen'” 

IS a mean value of 31x7 per cent for this limit, which agrees quite well with t c of ito”'"'® 

iron concentration of Z91 7 per cent found by Waldenstrom after the intravenous didereD^ h" 

normal subjects The iron-binding capacity of the scrum is usually not fully' uti izc^ ^ yybovc ih>* 
tween the actual amount of scrum iron and the saturation limit is called atent ^ discussion o* 
saturation limit, the iron is loosely bound and reacts with phcnanthrolinc direct y jpj 

the different methods invented and used by the author, he finds that an £ binding of >f0” 

best for the determination of the saturation limit In the next chapter, ^ ^ eenious adsorpt'O" ^ 

has been added to the scrum in vitro is discussed With the aid of a number o ^ j 

pcriments, the author shows that up to a certain concentration, iron is firm y o iron 

sorbed This holds true for both feme and ferrous iron The natural experiments ' 

linked with the scrum protein cannot be determined A large number of la y bound 

scrum seem to show that iron above the saturation limit is easily dialyzab c a 
would explain why the toxic effects of intravenously injected iron arc s 
observed by Waldenstrom was reached This ceiling thus the natural 

In some later experiments it was shown that the iron may' be ^^us reicf 

complex without changing the capacity' for iron-binding of this protei P 
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The mean value for the saturation limit in a number of normal persons was found to be 315 ep 3 3 7 
per cent Ingesuon of iron docs not increase the iron-binding capacity of the serum and the author con- 
cludes that the iron must leave the mucosa in ionized form and not as an iron-protem complex 

During the latter part of pregnanc) , the values for the serum iron show a steady rise There is a drop 
immediately before parturmon A study of maternal and fetal blood gives some interesting pieces of infor- 
mation It IS obaious that the iron-binding component of the maternal serum cannot pass freely through 
the placenta 

In posthemorrhagic anemia, the saturation limit is high but the serum iron values low In untreated 
pernicious anemia, the mean saturation values were lowered (2.36 7 per cent) The saturation limit avas 
not affected b) the rapid drop in scrum iron under treatment The limit was low in acute infections and 
paralleled the drop in the serum iron value Cirrhosis of the liver and uremia showed a very low limit 
The work ends with a discussion of the theorcuc implications of these results 

In a later paper published with Ingelman in Acta chem scand , the author has given a more detailed 
account of his preparative work Swine serum w’as used for the experiments as it shows very little color 
from bilirubin It is therefore easier to use the color intensity of the iron binding protein as an indicator 
for further fractionauons After addition of ferrous salts the color of the serum becomes reddish Am- 
monium sulphate was added up to 60 per cent saturation The precipitate w as separated and about 90 per 
cent of the iron-binding component was still present in the solution When the salt concentration was 
increased to 75 j>er cent, albumin and the iron containing protein came down as a precipitate, it was re- 
dissoh ed and dialyzed free from salt at pH 5 2. at o°C Ethyl alcohol was added to give a concentration of 
zo volumes per cent The solution was brilliantly red after the removal of the precipitate After further 
precipitation of a new fraction, the solution of the iron containing protein was left at — 15°, when this 
protein was precipitated as a red sediment Judging from its solubility in concentrated electrolyte solu- 
tions this protein cannot be regarded as a globulin On electrophoresis, the isoelectric point was found to 
be about 4 4 At ultracentrifugation, the sedimentation constant was found to be 5 8 The diffusion con- 
stant was 5 8 X io~'^ The parcel spcafic volume was not determined and the value given by Cohn and 
colleagues for their iron binding ^-globulin was used for the calculation of the molecular weight It was 
found to be 88 000 This agrees very well with the value given by Cohn for the metal-combining protein, 
but the isoelectric pomt was found by Cohn to be 5 6 

JW 

Serum Iron Levels in Adolescent Girls A Study of Three Cases F A Johnston From the Depart- 
ment of Home Economics, Unncrsity of Chicago, Chicago, 111 Am J Dis Child 74 716-72.1,1947 
The concentration of iron in the scrum was determined eleven times over a period of five months in 3 
adolescent girls whose well controlled diet contained 4 to 5 mg , then 9 mg and ii mg iron per day for 
the three successive periods of the stud) This investigation was carried out with the expectation that 
changes in scrum iron on a controlled diet might provide an estimate of the iron requirement for grow th 
and menstruation 

Hemoglobin levels of the subjects were near average values for girls, while the mean scrum iron con- 
centrations of 72., 6 l and 46 micrograms per 100 cc rcspcctn cly w ere low, thus suggesting that scrum iron 
might be more sensitive than hemoglobin as an index of iron stores Since scrum iron Icicls did not fall 
significant!) , howeser, o\cr a nine week period on low iron intake or rise oscr a period of twchc weeks 
on a fair iron intake, it was concluded that scrum iron concentration docs not respond to dictar) intake 
quickl) enough for use as a criterion of adcquac) in short-term studies 

LEY 

A Micromethod for the Quantitatixe Determination of the Urinarx Coproporphx rin Isomers 
Cl AND m) S Schuarf::.,V Hauksnson, S Cohen, and C J TfGzjc;/, From the Department of Medicine, 
Unncrsit) of Minnesota Hospital, Minneapolis, Minn , and the Metallurgical Laboraton , Unucrsit) 
of Chicago, Chicago, 111 J Biol Chem 16S 133-144, 1947 

A method is described for the extraction of coproporphxTin quantitatnch from 100 cc aliquots of 
urine and for its measurement fluorophotomctncall) There arc two alternate procedures for further 
purification and for isomer anah ses, both dependent on the difference in fluorescence stabilitx of the two 
porphxTin methx 1 esters in 30 to 35 per cent aqueous acetone in the cold 


C A F 
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Porphyria and Porphyrinuria Report of a Case, Review of Porphyrin Metabousm with a Siudt 
OF Congenital Porphyria 1 Dunsky,S Frteman ami S Gtbson From the Children s Mcmonal Hos- 
pital and the Department of Physiology, Northwestern University Medical School, Chicago, 111 Am 
J Dis Child 7^ 305-3x0, 1947 

A case of congenital porphyria in a 17 month old girl is presented and its significance as related to a 
understanding of normal and pathologic pigment metabolism is emphasized The clinical features of the 
case included red urine, erythrodontia, hydroi-acstivalc and hirsutism Analysis of the urine revcilei 
the presence of uroporphyrin I and copropophynn I in addition to an unidentified porphyrin, the methyl 
ester of which melted at 009° to nx°C The feces contained coproporphyTin I and another potphyim 
with a somewhat higher melting point, but no uropiorphyrin I was detected in the feces A concise rcvicsv 
of the literature on porphyrin metabolism is included in the report 

LTY 


HEMOGLOBINURIA 

The Influence of Available Fluid on the Production of Experimental Hemoolobinoric Nephrosis 

IN Rabbits J J Lalich From the Department of Patholog), University of Wisconsin Medical School, 

Madison, Wisconsin J Exper Med Sy 1948 

Available fluid was measured by the thiocyanate method before and after a three day period of water 
deprivation in 20 rabbits, 15 of which were then given nine or ten intravenous injections of hemoglobin, 

totalling I 8 Gm per Kg over a three day period Wide variation in available fluid was found indifferent 

animals, especially in the females, some of which had appreciably lower volumes than any of the males 
Wide variation was also noted in response to water deprivation Inverse relationship is claimed 
quantity of available fluid and seventy of hemoglobinuric nephrosis, but the number of animah ^ 
category IS too small to permit conclusions in this respect It should be noted, moreover, that ur 
period of hemoglobin injection all of the rabbits that urinated had an acid urine The deleterious 
of dehydration might have been more clearly established if alkalinity of the urine could have been ma 
tamed 

Intravenously administered hemoglobin solutions were found to exert a diuretic effect 
tested, but when available fluid was depleted, elimination of hemoglobin appeared to be 
inhibited It is postulated that under such circumstances, hemoglobin enters the renal tu n es, p 
casts are formed, degeneration of tubular epithelium appears and uremia follows f the rabbits 

Additional findings of interest were necrosis of the liver and pulmonary edema in some 0 
that died of uremia The combined weight of the kidneys of rabbits dying of hemoglo 
was significantly in excess of that of the control rabbits and of the test animals with transient ^ 

Renal Athrocytosis and Intracellular Digestion of Intraperitonbally Injected Sw 

Rats L J Kathir From the Department of Pathology, Stanford University Schoo o 

Francisco, Cahf J Exper Med 87 163-174,1948 aJ doses aieragmgj 

Rats were injected intrapentoncally with solutions of human hemoglobin in ujinc 

Gm per Kg Scrum hemoglobin concentration, rate of excretion of hemoglobin in t c u^ jfydying 
output were measured, and the rats were then killed at varying intervals for the purpose 

tissues jjjg staiEing tb*i 

In rats killed two bouts after the first injection of hemoglobin, discrete bodies v 1 fhc pror 

actcristics (Dunn s stain) of hemoglobin were found in small numbers nlm wL packed wufi 
imal convoluted tubules In rats killed at seventeen hours, the renal cpithe aniount 

particles, and it was found that formation of casts did not occur to any '""TlTthehemoglobrnbe^^n 
cytosed material reached a maximum Although it was inferred that break p of m'r* 

prior to release of inorganic iron, the appearance of hemosiderin was the rs j,oars 

cellular splitting of hemoglobin Deposits of hemosiderin were ^^^.ndnobcniogiob^ 

after which time they slowly disappeared It is of interest that very little j spjeca or 

were demonstrable m the parenchymal or Kupffer cells of the liver, nor m phag ) 

femoral marrow 
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There was no evidence that intracellular accumulation of hemoglobin damaged renal cpithchum, and 
It was not until large amounts of hemoglobin were present within lumina of the nephrons that injury 
could be detected Oliguria was attributed to interference with flow through lumina due to increased 
viscosity of protein-rich fluid 

These observations arc in general agreement with those reported by other mvcstigators and they sup- 
port the hypothesis that hemoglobin filtered by glomeruli undergoes athrocytosis by tubular cells and is 
then returned to the blood in a simpler form 

LEY 



CONVENTION NOTES 

INTERNATIONAL SOCIETY OF HEMATOLOGY 
Buffalo, N Y, August 1^48 


T he International Society of Hematology is to hold its first formal meeting m 
Buffalo, August L3 -l 6, 1948 Conceived in Dallas, Texas, in 1946 during the 
first part of an International Rh and Hematology Conference, the Society began to 
assume form when the decision to go ahead with its organization was made during 
the second part of the Conference in Mexico City in November 1946 The guiding 
spirits of the new organization were Drs Joseph M Hill and Sol Habennan of 
Dallas, Texas It was fitting, therefore, chat these two were later elected president 
and secretary respectively Dr Eduardo Uribe Guerola, of Mexico, was elected 
Vice-President and Dr W Stuart Stanbury, of Canada, was elected as treasurer 
It was decided that hematology had become of sufiiciently impelling interest to 
so many individuals throughout the world that an organization devoted to this 
interest was fully justified It was believed that the convening of different groups 
of individuals — clinicians, pathologists, chemists, immunologists and the hke^ 
would offer distinct benefits to all concerned It was felt that the gathermg of in- 
dividuals from different parts of the world would help to foster important relation- 
ships and to break down the barriers of the printed word For these reasons a truly 
International Society was envisaged 

A Membership committee was appointed consisting of the following indivi ua s 


William Daraeshek, Chairman 
Boston, Mass 

Moiscs Chedidk 

Havana 

Alfredo Pavloisky 
Buenos Aires. Argentina 

R Philip Custer 

Philadelphia, Pa 

Walter Cruz 

Rio de Janeiro 

Robert R Race 

London 

0 P Jones 

Buffalo, N Y 

Henrik Dam 

Copenhagen 

Karl Rohr 

Zurich 

Roy Krackc 

Birmingham, Ala 

C R Das Gupta 

Calcutta 

Luis Sandoval S 
Santiago, Chile 

Philip Levine 

Raritan, N J 

D diGuglielmo 

Naples 

Rod SirnejkuJ 

Bangkok, Siam 

M Bessis ' 

Pans 

1 Gonzdlez-GuzmSu 
Mexico, D F 

Theodore Waugh 
Montreal 

Berger Broman 

Stockholm 

Ludwik Hirszfcld 

Wradow, Poland 



It IS planned to have at least two categories of members, It is be- 

but the final regulations for membership have not as yet been c y 
lieved that each country or group of countries should be tree 
membership admissions in a more or less autonomous manne , 
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rules to be decided upon at the first meeting of the constitution committee The 
latter committee is composed of the following 


I Gutierrez Villegas 
Mexico, D F 


Israel Davidsohn, Chairman 
Chicago 


A H T Robb Smith 


Oxford, England 


Joseph Ross 
Boston 


L M Tocantins 
Philadelphia 


PROGRAM NOTES' AND NEWS 

The meeting promises to be a landmark in the field of hematology not only be- 
cause It will mark the first truly International Congress in that field, but because of 
the enthusiastic interest being shown by people from all over the world All those 
interested in hematology are invited to this meeting Headquarters will be at 
the Hotel Statler, Buffalo, New York All inquiries regarding program, exhibits, 
etc are to be forwarded to Dr Sol Haberman, Secretary For further information, 
see box on page 7x5 

The program committee for the Buffalo meeting is as follows 


Ernest Witcbsky, Chairman 
Buffalo 


Louis K Diamond 
Boston 


Carl Moore 
St Louis 


Walter Seegers 
Detroit 


L H Snyder 
Norman, Oklahoma 


Eduardo Uribe Guerola Lionel Whitby 

Mexico, D F Cambridge, England 




TENTATIVE PROGRAM 

Day 1 

Onc-half day 

Methods including phase microscopy, electron microscop) , and 



histo-chemical methods 


Onc-half day 

Hemorrhagic diseases 

Day 1 


Red cell problems Anemia 

Day 3 


Hemolytic Anemia and Immunohematology 

Day 4 


White cell problems Leukemia, L} mphoma 


In addition to the speakers listed on the next page, it is planned to hold a certain 
number of round table discussions 

Dr Oliver P Jones of Buffalo, the chairman of the committee on exhibits has 
announced that a number of exhibits both professional and commercial are in 
process of preparation A preliminary list of exhibits and exhibitors is given on 
pages 7X4-7X6 Other Committees and Chairmen appointed for the Meeting are 
Accommodations^ L Edgar Hummel, MD, Buffalo, N Y, Publicity, David K 
Miller, M D , Buffalo, N Y , Banquet, Douglas P Arnold, M D , Buffalo, N Y , 
Local Information, E George Phillies, M D , Registration, Stuart L \’’aughan, 
MD , \]'onien s Activities, Mrs Mildred Lockwood, Excursion and Entertainment, 
Charles Becker, M D , Equipment (Co-chairmen), Siegfried Tannhauscr, M D , 
and james F Mohn, M D 
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SOME OF THE SPEAKERS AND THEIR SUBJECTS 


Oliver P Jones, University of Buffalo, Buffalo, New York 
Nejver hiterpetations of 'Nuclear Pattern of Immature Blood Cells 
L B Jaques, University of Saskatchewan, Saskatoon, Saskatchewan, Canada 
Studies on the Stltcone Technic for Delaying Blood Coagulation 
L K Diamond, Harvard Medical School, Children’s Hospital, Boston, Mass 
Congenital Absence of Fibrinogen 

Clement A Finch, Peter Bent Brigham Hospital, Boston, Mass 
Iron IS/ietabolism m Hemochromatosis 
John G Gibson, and , Harvard Medical School, Boston, Mass 

Determination of the Zinc Content of Normal Human Erythrocytes, Diicocytes, Plasm 
and Whole Blood 


R G MacFarlane, Radcliffe Infirmary, Oxford, England 
Problems of Coagulation and Hemorrhagic Diseases 
Elbert deCoursey, Brooke General Hospital, San Antonio, Texas 

Effects of Lethal Instantaneous Ionizing Padiation u-pon the Peticulo-endothehal Sjstm 
M Hynes, Cambridge University, Cambridge, England 
The Iron Reserves of a Normal Man 
Floyd Daft, National Institute of Health, Bethesda, Maryland 

Interchangeability of Folic Acid, Other Vitamins and Ammo Acids m the Corrictton oj 
Experimental Blood Dyscrastas 

A H T Robb-Smith, Radcliffe Infirmary, Oxford, England 
The Effects of Transfusion Hemosiderosis 
D Shemin, Columbia University, New York City 

The Biologic Synthesis and Metabolism of Porphyrins / u in 

Walter H Seegers and Arnold G Ware, Wayne University, Detroit, ‘S 
Activation of Purified Prothrombin 
Robin Coombs, University of Cambridge, Cambridge, England 

Observations on Some of the Immunological Processes Concerned in the Diagu 
Manifestations of Hemolytic Disease of the Newborn 
R R Race, Lister Institute, London, England j ?JhI Siswui 

Blood Groups andTheir Inheritance with Particular Reference to theRhan 
J J van Loghem, Binnengasthuis, Amsterdam, Holland 
ABO Incompatibility and Rh Antagonism 
G Failla, Columbia University Medical Center, New York City 
Correlation of Radiation Dose and Effect on Hemapoietic System 

Maurice Bessis, Pans, France Njtwhorn 

Exchange Transfusion in Diseases Other than Hemolytic Disease oj } 

W Jacobson, School of Medicine, University of Texas, Corpus f 

The Nature of the Anti-pernicious Anemia Factor and the Eniyn^‘> ^ 

Folic Acid 


J V Dacie, London, England nodohtnurw 

Hemolytic Mechanism and Laboratory Diagnosis of Nocturnal ci g 



BUFFALO, N Y , AUGUST 2 . 3 -i 6 , I948 


72-3 


Eugene C Loomis, Parke Davis &. Co , Detroit, Michigan 
Anttfibrtmlystn, Biochemical Concentration of Fibrinolysin and anti-fibrinolysin 
J P Soulier, France 

Kesiegnaments foumia par 1' action de la thrombine sni les plasmas ayant un temps de 
Quick allonge 
M Burstein, France 
Blaqiiettes et hemophilia 

Allen F Reid and Frances Jones, Baylor Hospital, Dallas, Texas 
New Method for Fractionation of Plasma Proteins for Therapeutic Use 
Lms Gutierrez Villegas, Mexico, D F , Mexico 
Subject to be announced 
Alfredo Pavlovsky, Buenos Aares, Argentina 
Contribution to the Pathogenesis of Hemophilia Study of the Vascular Factor 
Lawrence E Young — University of Rochester, Strong Memorial Hospital, 
Rochester, New York 

Hemolytic Reactions Pioduced in Dogs by Transfusion of Incompatible Dog Blood 
Ludwik Hirszfeld, Wroclaw, Poland 
The Pleiades Concept of the ABO Blood Antigens 
Mourant, A E , Lister Institute, London, England 
The Rh Group of the Basques and the Origin of the d~Gene in Europe 
Douglas P Arnold, Buffalo, New York 
Treatment of Hemolytic Disease of the Newborn 
John Tinsley and Carl Moore, Washington University, St Loms, Missouri 
Subject to be announced 

John Olwin, Presbyterian Hospital, Chicago, 111 

The Control of Dicumarol Therapy with Remarks on the Ac Globulin Factor 
Phil Levine, Ortho Research Foundation, Raritan, New Jersey 
Subject to be announced 

Ernest Witebsky, Buffalo General Hospital, Buffalo, New York 
Subject to be announced 
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LIST OF EXHIBITORS AT THE INTERNATIONAL 


Bcthcll, Frank, Simpson Memorial Institute, 
Ann Arbor, Michigan Co-cxhibitors Drs 
Gould Andrews, Murial Mejers and Rosalie 
Ncligh 

Calhoun, Lois, Department of Anatomy, School 
of Veterinary Medicine, Michigan State Col- 
lege, East Lansing, Michigan 

Charipper, Harry, Department of Biology, 
Washington Square College, New York Uni- 
versity, New York City, N Y Co exhibitor 
Dr Albert S Gordon 

Davidsohn, Israel, Chicago, 111 , and Kurt Stern 
and Miss Chiyo Kashiwagi 

Doughert) , Thomas F , Universit) of Utah, Salt 
Lake City, Utah 

Ervin, Donald, University of Rochester, Roch- 
ester, New York Co-cxhibitors Dr L E 
Young, Dr D Ervin, Dr Edward Von Has- 
scln and Dr J E Thomas • 


Fallon, Madeleine, Los Angeles, California 


Guest, George, Children s Hospital, Cincinnati, 
Ohio 

Haberman, Sol, and Hill, M J , Baylor Hospital, 
Dallas, Texas 

Hall, Byron E , Mayo Clime, Rochester, Minn 
Co-cxhibitors Charles Strocbcl, C H Watkins 
and W A Bennett 

Hargraves, Malcolm M , Mayo Clime, Roches- 
ter, Minn Co-cxhibitors Frank Heck and 
E D Bayrd 

Hawn, C V Z , Basset Hospital, Cooperstown, 
N Y , and Porter, K R , Rockefeller Institute 
for Medical Research, New York, N Y 

Isaacs, Raphael, Chicago, Illinois 

Jacobson, Leon O , Billings Hospital, Chicago, 
Illinois Co-cxhibitor Dr M H Block 

Jacques, Louis, University of Saskatchewan, 
Saskatoon, Saskatchewan 

Jones, Oliver P , and Richards, O W Univer- 
sity of Buffalo and American Optical Com- 
panj 


I Bone Marrow Examination by Sevaal Tett 

niqucs 

II Blood and Marrow Changes Observed Fd 

lowing the Administration of Ptcro)l|k 
tamic Acid 

Normal Bone Marrow of Domestic Ammals 


The Endocrine System and Hemopoiesis 


The Serologic Diagnosis of Infectious Monosu 
cleosis 

Title to be announced 


Hemolytic Transfusion Reactions I Destruction 
of Ai and Ax cells by transfusion of blood ftom 

a dangerous universal donor Dr DonaldErv 

and Dr Lawrence E Young U Heraoljmcit 
actions produced in dogs by transfusion o i 
compatible dog blood (UA) Immuoologi^ 

hematologic aspects, (HB) Rc^l as^ 
Charles L Yuilc, Christine Watethou«.H^ 
Tcsluk, James A Bush and John W H»y 
lone Changes in the Anemias m Infan^ 
Childhood, Delayed Ossificauon ^ ^ 

Retardation, Changes in the Size an 

the Heart ^ ,i r,) 

Ismomcmc Mavot ol Red 
Normal and abnormal types of hum 
cytes, (b) normal cells of ,oib 

Hudies on the Reactivity , ,„o,ds 

Specific Emphasis on the Cryptagglun"0 

t _ T»L 


Marrow Findings m Lupus Ery'tbcmato 
Multiple Myeloma 


•cct of Various Agents on the Leukoo 
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HEMATOLOGY CONGRESS AND PROPOSED TITLES 


Kastlm, George J , Pittsburgh, Pa 

Kmsely, Melvin H , Department of Anatomy, 
University of Chicago, Chicago, Illmois 
Limarzi, Louis R , Chicago, Ilhnois, and Drs 
Carrol L Birch, Raymonds Kibler, Jerome T 
Paul, Robert M Jones and Paul L Bedrogir 
Meyer, Leo O , and C G Grand 

Mohn, James, Department of Bacteriology, Uni- 
versity of Buffalo, Buffalo, New York 
Muirhead, E E , Baylor Hospital, Dallas, Tei.as 
Noonan, Thomas R , Atomic Energy Project, 
Umversity of Rochester, Rochester, New 
York Co-exhibitors Dr K Altman, Dr K 
Solomon, Mr G A Boyd, Mr G W Casarett 
Osgood, Edwin E , Department of Medicine, 
Umversity ofOregon Medical School, Portland, 
Oregon 

Ralph, Paul H , Department of Anatomy, Um- 
versity of Washington, Seattle, Washington 
Rcbuck, John, Henry Ford Hospital, Detroit, 
Michigan 


The Effect of Nitrogen Mustard on X-ray Resist- 
ant Cases of Leukemia and Lymphoblastoma 
Method for Studying Circulating Blood in the 
Human Bulbar Conjunctiva 
Multiple Myeloma 

Tissue Culture Studies with Myelokentric and 
Lymphokentric Acids 
Blood Group Specific Substances 

Acute Renal Insufficiency and its Management 
The Contribution of Tracer Techniques to He- 
matology 

The biological half life of radioactive phosphorus 
in various types of cells, assues and body fluids 
in patients with leukemia and polycythemia 
treated with radioactive phosphorus 
Title to be announced 

Electron Microscope Studies of Blood Cells 
(Continued on next page') 


INFORMATION 

• First formal meeting, International Society of Hematology 

• August X3-X6, 1948 

• Buffalo, N Y , Headquarters, Statler Hotel 

• All those interested in hematology may attend 
Registration Fee Ten dollars* 

For tnformatton rcgetrdtvg -program, exhibits, etc , contact Dr Sol Haberman, 
Secrctarj^ 3301 Junius St , Dallas, Texas 

For lufoniiatiou regarding hotel reservations, contact Dr Edgar Hummell, 
University of Buffalo, Buffalo, N Y , Chairman of the Accommodations 
Committee See reseriation information and form, page 7-27 


‘ Interns and residents and guests from those countries which at present are basing a dollar 
shortage (1 e certain European and Asiatic countries) will he exempt from the registration fee 
This fee likewise does not apph to sponsors and those presenting scientific exhibits at the Con- 
gress 
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LIST OF EXHIBITORS AT THE INTERNATIONAL HEMATOLOGY 
CONGRESS AND PROPOSED TITLES (Continued) 


Rubinstcm, Michael A , New York, New York 
Schwartz, Steven O , Chicago, Illinois Co-exhib- 
itors Dr W J Kawula and Dr S R Kaplan 
Singer, Karl, Michael Reese Hospital, Chicago, 
Illinois 

Smith, Carl, 103 E 84th St , New York, N Y 

Sunbury, W S , Calgary, Alberta 
Sundberg, Dorothy, Institute of Anatomy, Uni- 
versity of Minnesota, Minneapolis, Minn 
Tompkins, Edna H , Laboratory of Applied 
Physiology, Yale University, New Haven, 
Conn 

Ware, Arnold G , Department of Physiology, 
Waj ne Uni v ersitv College of Medicine, Detroit, 
Michigan Co-cxhibitor Dr John Fahc) 
Wiener, Alexander S , Brooklyn, Nets York 

Young, Lawrence E , University of Rochester, 
School of Medicine and Dentistry, Rochester, 
New York Co-exhibitor Dr D Enin 


Aspiration of Bone Marrow from the Ilwc Crcit 
Thrombocytopenic Purpura 

Studies on the sun ival time of red cells la holth 
and disease 

Outpatient Transfusion Clinic for Ambalataj 
Patients with Mediterranean and Otk 
Chronic Anemias 
‘ Miracle Fluid ' (film) 

Granulomatous Lesions in Bone Marrow Ob- 
tained by the Aspiration Method 
Avoidance of Errors in Use of Hayem's Fluid 

The 2. stage Analysis for Prothrombin and Ac 
globulin 

Rh-Hr Blood Types and the Heredity-also tk 
Rh Antibodies and their mode of acnon 
Hemolytic Transfusion Reactions (Destruction 
of At and Ax cells by transfusion of blood hom 
a dangerous umvcrsal donor ) 


COMMERCIAL EXHIBITS 

In addition to the preceding list of scientific exhibits, a variety of cornfficrad 
exhibits IS planned The following list of exhibitors is incomplete, as requests 0 
exhibit space were still being received as this goes to press , 

Vend All Limited Hospital Liquids Incorporated 

Lederle Laboratories Technicon Company 

Cutter Laboratories Baush & Lomb Company 

Armour Laboratories Grune & Stratton 


The Society is obtaining financial assistance from several sources to 


allay ih' 


expenses of the Congress These financial contributors are tentatively ^ 
classes Patrons, who have contributed $i,cxx) or more. Sponsors, w 0 
tributed between $5(X3 and $ 1,000 The following list, to which additions 
expected, is complete as of press time 


PATRONS 

Lederle Laboratories Division, American 
Cyanamid Company, New York, N Y 
Hoblitzelle Foundation, Dallas, Texas 


Buffalo, 


SPONSORS 

Armour Laboratories, Armour & Company, 
Chicago, 111 

Hospital Liquids, Incorporated, Chicago, 111 


American 


vision, 



INFORMATION FOR HOTEL ACCOMMODATIONS 


For your convenience in making hotel reservations for the coming meeting of the International 
Society of Hematolcgy, August 23-26, 1948, m Buffalo, New York, hotels and their rates are listed 
below The meetings are to be held at the Hotel Statler and a total to date of 350 rooms are bemg 
held m reserve However, those attending the meetmgs may apply for rooms at any of the hotels 
theydesire, all of which, m the list below, are relatively near and convenient to the convention hotel 
Those plannmg to attend from countries other than the United States and Canada may, if they 
choose, fill in the form below, detach and return as directed The local committee will then make 
reservations as near to their indicated wishes as possible Such request should he sent in time to 
be received in Buffalo not later than August I, 194S, and must give the date and hour of arrival as 
well as definite date and approximate hour of departure, names and addresses of all persons who will 
ocmpy reservations must be included The Hotel Statler, upon request, is anxious to send a 
questionaire card to those mterested m obtaming reservations at the convention hotel 


RATES (Minimum) 



Single 

Double 

Twin 

Hotel Buffalo, Washmgton and Swan Sts 

$2 50 up 

$4 50 up 

§5 00 up 

Hotel Lafayette, Washmgton and Clinton Sts 

3 50 up 

6 50 up 

7 00 up 

Hotel Lenox, North near Delaware Ave 

4 00 up 

6 00 up 

6 00 up 

Hotel Markeen, Mam at Utica St 

2 25 up 

3 50 up 


Hotel Richford, 210 Delaware Ave 

2 00 up 

3 50 up 

5 00 up 

The Sheraton, 715 Delaware Ave 

3 50 up 

6 00 up 

6 SO up 

Hotel Statler, Delaware Ave at Niagara Sq 

3 50 up 

5 75 up 

7 00 up 

Hotel Stuyvesant, 245 Elmwood Ave 

3 SO up 

5 50 up 


Hotel Touraine, 274 Delaware Ave 

3 50 up 

5 SO up 

7 00 up 

For tourist information and resort accommodations, write 

to Buffalo Convention & Tourist 


Bureau, Inc , Buffalo 2, New York , U S A 


(TO BE USED ONLY BY THOSE ATTENDING FROM COUNTRIES OTHER THAN 
THE UNITED STATES AND CANADA) 

ALL RESERVATIONS MUST BE RECEIVED NOT LATER THAN AUGUST 1, 1948 
L E Hummel, M D 

, Chairman, Committee on Accommodations 
537 Delaware Avenue 
, Buffalo 2, New York, USA 

Please reserve the following accommodations for the meeting of the International Society of 
^ Hematologjq to be held in Buffalo, N Y , August 23-26, 1948 


Single Room 

Double Bedded Room 

Tw'in Bedded Room 

Rale From S 

to S 

First Choice Hotel 



Second Choice Hotel 



Third Choice Hotel 

Arriving at Hotel (date) 

Hour 

AM PM Leaving 


THE NAME OF EACH HOTEL GUEST MUST BE LISTED Therefore, please include the 
names of both persons for each double or twin bedded room requested 

Names and addresses of all persons for \\ horn you are requesting resen ations and w ho w ill occupy 
the rooms asked for 


If the hotels of \our choice arc unable 
to accept \our rc^enation the Com- 
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Vathblogtsch-anatomtsche Untersuchtmgen uber Lelerzjrrhose btt Saughngeu und Khnihudtni (jnfantik LebetXtr- 
rhose) mtt endemtschcr Hanfiwg By Hermann Gogl Vicnm, Wilhelm Maudnch, 1947 
This monograph, by Dr Hermann Gogl of Innsbruck, is in interesting stud} of Z4 cases of infantile 
cirrhosis in which the general picture is that of a chronic hepititis with diffuse cirrhosis in larying de- 
gree Other changes serving to characterize these cirrhoses from 1 histologic standpoint arc the presence 
of eosinophilic and sometimes basophilic granules within the Incr cells, and at times of indusion-likc 
bodies, suggesting a virus infection Gogl points out that this disease is common in the T) rol and Vorarl 
berg regions of Austria, but more parucularl) around the tow n of Kitzbuhl w here it seems to hai e endemic 
character Hcobviousl) leans toward a virus etiology of his own cases but for lack of ciidence is obliged 
to leave the question open as to exact etiologic agents and the relation to epidemic hepatitis 

In addition to the careful climcal, anatomic, and histologic descriptions, the latter supplemented w'lth 
reasonably satisfactory photomicrographs, there is an extensne bibliograph) on the subject of cirrhosis 
in infanc) and early childhood 

C J Watson 

Der Blutspender By H Wileenegger and R Boitel Benno Schwabc A Co , Basel (Switzerland), 1947 
Pp 197, 10 francs 

This IS a unique work, as books about blood transfusions and blood banks go The literature to date 
has emphasized blood groups and transfusion reactions, the management of blood banks and the latest 
discoscrics arising from ph) sico-chemical manipulations of whole blood and its constituents This book, 
however, treats of the blood donor, the fountainhead and mainstay of all this actn ity and the forgotten^ 
man of most pubhcations The uniqueness of the point of a lew alone would justif) the writing of such a 
book This small volume, however, has even more to recommend it Although the main interest centers 
about the blood donor and the social significance of his service in contemporary society, the scope of the j 
work IS wider and comprises many of the problems accompanying the threapcutic use of blood and plasma 1 
An illustrated historical account of the development of blood transfusions opens the book and is J 
carried up to modem times and the use of fresh and rcconstmited plasma There follows an excellent 
discussion of the individual blood donor, his physical and psychologic examination, the question of' 
payment, and the problem of transmission of disease from donor to recipient, with special emphasis on 
syphilis The blood groups arc briefly but adequately presented in a clearly diagrammed manner, al 
though the Rh complex is summarily treated in one short paragraph and presents the state of knowledge 
of early 1942. The major and most interesting portion of the book deals with the rise of blood donor 
organizations in modern society It stresses the social aspects of the problem of an adequate supply of 
blood donors in the face of mounting use of blood transfusions The development of blood donor so-* 
cieties in each of the major countries is individually outlined and the types of organizations arc discussed 
and criticized 1 

This book IS written in a simple style, almost as if it were intended more for the general lay public than 
for the medical profession However, it does give an excellent general review of the whole problem of an 
adequate source of supply of human blood, and the methods, both organizational and psychologic, by 
w hich such a source might be set up It is certainly advantageous reading for all those physicians actively 
associated with blood banks and blood transfusion services 

J Neder 
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RELATION OF ADRENAL CORTICAL HORMONE TO LYMPHOID 
TISSUE AND LYMPHOCYTES 

B) William N Valentine, M D , Chaklzs G Craddock:, Jr , M D , and 

John S Lawrence, M D 

General Introduction 

T he concept of hormonal control of the numbers of the arculating blood 
lymphocytes is not new The remarkably narrow range of fluctuation of blood 
cells under normal circumstances has long stimulated scientific investigators to 
speculate over the manner of their regulation The possibility of a humoral mecha- 
nism has intrigued many The literature pertinent to humoral theories of regulation 
of the blood lymphocytes has been reviewed by Drinker and Yoffey^^ in their mono- 
graph published in 1941 At the time of the review, no humoral theory had gained 
wide acceptance 

Within the last few years, interest in the hormonal control of the blood lympho- 
cytes has been stimulated by a large number of reports suggesting the pituitary 
adrenal cortical control of lymphoid tissue structure and function, including the 
regulation of the numbers of circulating lymphocytes It has been postulated that 
the secretion of the adrenal cortex (more specifically the sugar hormone) is the 
normal determinant of the numbers of blood lymphocytes Fitted into the broader 
pattern of the alarm reaction and adaptation syndrome of Selye, offering as it does 
new vistas of the physiology of lymphoid tissue, and illuminating the poorly 
understood functions of the lymphocyte, this concept demands the careful and 
critical scrutmy of all the facts on which it is based 

It IS the object of this report (i) to present experimental data on the effect of 
adrenal cortical hormone on the numbers of thoracic duct lymphocytes and on the 
rate of flow of thoracic duct lymph in the normal and adrcnalectomized cat, (z) to 
briefly present data on the peripheral blood counts of cats before and after adrenal- 
ectomy, (3) to recapitulate in considerable detail as much as possible of the actual 
published data relating to hypophyseo-adrenal cortical control of lymphoid tissue 
structure and function and of the numbers of blood lymphocytes To this latter end 
the second part of this communication is devoted to critical review of the subject. 

From the Department of Medicine of the Unnersitv of Rochester School of Medicine and Dentism , 
Rochester Nets York 

This paper is based on work performed under Contract No W-74oi'Cng-49 with the Atomic Energt 
Commission for the Unuersitt of Rochester, Rochester, New York 
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Fathologtsch-anatomtsche Untcrsuchtnigcn uber Ltbervitrrhosc htt Saugltngen unil YJetnktndern (tujantth Leb(rZ>r- 
rhose) mtt emJemtscher Haiifmg B) Hermann Gogl Vicnm, Wilhelm Maudrich, 1947 
This monograph, b) Dr Hermann Gogl of Innsbruck, is an interesting study of 2-4 cases of infantile 
cirrhosis in which the general picture is that of 1 chronic hepatitis a\ith diffuse cirrhosis in varying de- 
gree Other changes serving to characterize these cirrhoscs from a histologic standpoint arc the presence 
of eosinophilic and sometimes basophilic granules within the Incr cells, and at times of inclusion-liLc 
bodies, suggesting a virus infection Gogl points out that this disease is common in the Tyrol and Vorarl 
berg regions of Austria, but more particular!) around the town of Kitzbuhl where it seems to have endemic 
character He obviously leans tow ard a \ irus etiolog) of his own cases but for lack of evidence is obliged 
to leave the question open as to exact ctiologic agents and the relation to epidemic hepatitis 

In addition to the careful clinical, anatomic, and histologic descriptions, the latter supplemented with 
reasonably satisfactory photomicrographs, there is an extensne bibliograph) on the subject of cirrhosis 
in infancy and early childhood 

C J Watson 

Der Bltitspitider By H Willenegoer and R Boitel Benno Schwabc A Co , Basel (Switzerland), 1947 
Pp 197, 10 francs 

This is a unique work, as books about blood transfusions and blood banks go The literature to date 
has emphasized blood groups and transfusion reactions, the management of blood banks and the latest 
discoveries arising from ph) sico-chemical manipulations of whole blood and its constituents This book, 
however, treats of the blood donor, the fountainhead and mainstay of all this activity and the forgotten,- 
man of most publications The uniqueness of the point of mcw alone would justif) the writing of such a 
book This small volume, however, has even more to recommend it Although the mam interest centers I 
about the blood donor and the social significance of his service in contemporar) society, the scope of the j 
work IS wider and comprises many of the problems accompanying the thrcapcutic use of blood and plasma j 
An illustrated historical account of the development of blood transfusions opens the book an is 
carried up to modern times and the use of fresh and reconstituted plasma There follows an excellent 
discussion of the individual blood donor, his physical and psychologic examination, the question o ^ 
payment, and the problem of transmission of disease from donor to recipient, with special emp asis on 
syphilis The blood groups arc briefly but adequately presented in a clearly diagrammed manner, a 
though the Rh complex is summarily treated in one short paragraph and presents the state 
of early 1942. The major and most interesting portion of the book deals with the rise of bloo onor 
organizations in modern society It stresses the social aspects of the problem of an ad^uaK supp ) ^ 

blood donors in the face of mounting use of blood transfusions The development of bloo 
cietics in each of the major countries is individually outlined and the types of organizations arc isc 

and criticized , ,i,i,rrhan 

This book IS written in a simple style, almost as if it were intended more for the general lay p 

for the medical profession However, it docs give an excellent general review of the vv ° P''° ' . 

adequate source of supply of human blood, and the methods, both organizational and psyc J ’ 
which such a source might be set up It is certainly advantageous reading for all those physicians 
associated with blood banks and blood transfusion services N„nRR 
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RELATION OF ADRENAL CORTICAL HORMONE TO LYMPHOID 
TISSUE AND LYMPHOCYTES 

By William N Valentine, M D , Chakles G Craddock, Jr , M D , and 

John S Lawrence, M D 

General Introduction 

T he concept of hormonal control of the numbers of the arculatiag blood 
Jymphoc)aes is not new The remarkably narrow range of fluctuation of blood 
cells under normal circumstances has long stimulated scientific investigators to 
speculate over the manner of their regulation The possibility of a humoral mecha- 
nism has intrigued many The literature pertinent to humoral theories of regulation 
of the blood lymphocytes has been reviewed by Drinker and Yoffey’^^ in their mono- 
graph published in 1941 At the time of the review, no humoral theory had gained 
wide acceptance 

Within the last few years, interest in the hormonal control of the blood lympho- 
cytes has been stimulated by a large number of reports suggesting the pituitary 
adrenal cortical control of lymphoid tissue structure and function, including the 
regulation of the numbers of circulating lymphocytes It has been postulated that 
the secretion of the adrenal cortex (more specifically the sugar hormone) is the 
normal determinant of the numbers of blood lymphocytes Fitted into the broader 
pattern of the alarm reaction and adaptation syndrome of Sclye, offering as it does 
new vistas of the physiology of lymphoid tissue, and illuminaung the poorly 
imderstood functions of the lymphocyte, this concept demands the careful and 
critical scrutiny of all the facts on which it is based 

It IS the object of this report (i) to present experimental data on the effect of 
adrenal cortical hormone on the numbers of thoracic duct lymphocytes and on the 
rate of flow of thoracic duct lymph in the normal and adrenalcctomized cat, (z) to 
briefly present data on the peripheral blood counts of cats before and after adrenal- 
ectomy, (3) to recapitulate in considerable detail as much as possible of the actual 
published data relating to hypophysco-adrcnal cortical control of lymphoid tissue 
structure and function and of the numbers of blood lymphocytes To this latter end 
the second part of this communication is devoted to critical review of the subject, 

From rhe Department of Mcdicmc of the Uni\crsit\ of Rochester School of Medicine and Dcnti'^trs , 
Rochester NetN YorL 

This paper is based on vork performed under Contract No W-740i-cng-49 with the Atomic Encrpi 
Commission for the Unnersm of Rochester, Rochester. New YorJ 
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Fatbilogtsch-anatomtscbe Untersucbunien uhtr UherXtnbosc bet Saugltngen und Klemktitdem (tnfantik Lebtrztr- 
rbose') mtt etidemsscher Hdtijmg By Hermann Gogl Yicana, Wjlhclm Maudnch, 1547 
This monograph, by Dr Hermann Gogl of Innsbruck, is an interesting study of 14 cases of infantile 
arrhosis in which the general picture is that of a chronic hepatitis with diffuse arrhosis in varying de- 
gree Other changes serving to characterize these arrhoscs from a histologic standpoint are the presence 
of eosinophilic and someumes basophilic granules within the liver cells, and at times of inclusion like 
bodies, suggesting a virus infection Gogl points out that this disease is common in the Tyrol and Vorarl 
berg regions of Austria, but more particularly around the town of Kitzbuhl where it seems to have endemic 
character He obviously leans toward a virus etiology of his own cases but for lack of evidence is obliged 
to leave the question open as to exact etiologic agents and the relation to epidemic hcpautis 

In addition to the careful clinical, anatomic, and histologic descriptions, the latter supplemented with 
reasonably satisfactory photomicrographs, there is an extensive bibliography on the subject of cirrhosis 
in infancy and early childhood 

C J Watson 

Der Blutspender By H Willenbgoer and R Boitbl Benno Schwabc & Co , Basel (Switzerland), 1947 
Pp 197, 10 francs 

This IS a unique work, as books about blood transfusions and blood banks go The literature to date 
has emphasized blood groups and transfusion reactions, the management of blood banks and the latest 
discoveries arising from physico-chemical manipulations of whole blood and its constituents This book, 
however, treats of the blood donor, the fountainhead and mainstay of all this activity and the forgottem 
man of most pubhcations The uniqueness of the point of view alone would justify the writing of such a 
book This small volume, however, has even more to recommend it Although the main interest centers 
about the blood donor and the social significance of his service in contemporary society, the scope of the 
work is wider and comprises many of the problems accompanying the threapcutic use of blood and plasma 
An illustrated historical account of the development of blood transfusions opens the book and is , 
carried up to modern times and the use of fresh and reconstituted plasma There follows an excellent 
discussion of the individual blood donor, his physical and psychologic examination, the question of 
payment, and the problem of transmission of disease from donor to recipient, with special emphasis on 
syphilis The blood groups arc briefly but adequately presented in a clearly diagrammed manner, a 
though the Rh complex is summarily treated in one short paragraph and presents the state of ^ 
of early 194a The major and most interesting portion of the book deals with the rise of bloo onor 
organizations in modern society It stresses the social aspects of the problem of an adequate supp ) o 
blood donors in the face of mounting use of blood transfusions The development of bloo onor so 
cictics in each of the major countries is individually outlined and the types of organizations arc iscussc 

and criticized ut.rrhsn 

This book is written in a simple style, almost as if it were intended more for the genera ay ^ 
for the medical profession Hoivcvcr, it does give an excclJenr general review of the who e pro cm 0 
adequate source of supply of human blood, and the methods, both organizational an psyc o > 
which such a source might be set up It is certainly advantageous reading for all those physicians a 
associated \Mth blood banks and blood transfusion scr\iccs Menett 
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RELATION OF ADRENAL CORTICAL HORMONE TO LYMPHOID 
TISSUE AND LYMPHOCYTES 

B) William N Valentime, M D , Charles G Craddock, Jr , M D , and 

John S Lawrence, M D 

General Introduction 

T he CONCEPT of hormonal control of the numbers of the circulating blood 
lymphocytes is not new The remarkably narrow range of fluctuation of blood 
cells under normal circumstances has long stimulated scientific investigators to 
speculate over the manner of their regulation The possibility of a humoral mecha- 
nism has intrigued many The literature pertinent to humoral theories of regulation 
of the blood lymphocytes has been reviewed by Drinker and Yoffey^^ in their mono- 
graph published in 1941 Ac the time of the review, no humoral theory had gained 
wide acceptance 

Within the last few years, interest in the hormonal control of the blood lympho- 
cytes has been stimulated by a large number of reports suggesting the pituitary 
adrenal cortical control of lymphoid tissue structure and function, including the 
regulation of the numbers of circulating lymphocytes It has been postulated that 
the secretion of the adrenal cortex (more specifically the sugar hormone) is the 
normal determinant of the numbers of blood lymphocytes Fitted into the broader 
pattern of the alarm reaction and adaptation syndrome of Selye, offering as it does 
new vistas of the physiology of lymphoid tissue, and illuminating the poorly 
understood functions of the lymphocyte, this concept demands the careful and 
critical scrutiny of all the facts on which it is based 

It is the object of this report (i) to present experimental data on the effect of 
adrenal cortical hormone on the numbers of thoracic duct lymphocytes and on the 
rate of flow of thoracic duct lymph in the normal and adrcnalectomized cat, (2.) to 
briefly present data on the peripheral blood counts of cats before and after adrenal- 
ectomy, (3) to recapitulate in considerable detail as much as possible of the actual 
published data relating to hypophyseo-adrenal cortical control of lymphoid tissue 
structure and function and of the numbers of blood lymphocytes To this latter end 
the second part of this communication is devoted to critical review of the subject. 

From the Department of Medicine of the Uni\crcit\ of Rochester School of Medicine and Dcnri<rri 
Rochester New York 

This paper is based on work performed under Contract No W-j^oi-cng-4^ \ nh the Atomic Enerp^ 
Commission for the Unl^crslt^ of Rochester, Rochester, New- YorJ 
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ADRENAL CORTICAL HORMONE AND LYMPHOCYTES 


It being hoped that the assemblage of the available experimental data will better 
permit a dispassionate analysis of the present status' of the hormonal control of 
lymphocytes and lymphoid tissue ' ^ 

Part I 

■A. experimental studies on the effect of adrenal cortical extract on the 

NUMBERS OF LYMPHOCYTES AND RATE OF FLOW OF THORACIC DUCT LYMPH 

Introduction 

Only two previous reports are available on the effects of adrenal cortical extract 
or adrenocorticotrophic hormone on the output of thoracic duct lymphocytes in the 
experimental animal The first of these, a short preliminary communication by 
Reinhardt and Li,®® reported marked reduction in the number of thoracic duct lym- 
phocytes in rats following the subcutaneous or intraperitoncal injection of i to 6 
mg of pure adrenocorticotrophic hormone This was apparent within fifteen 'to 
thirty minutes after injection and lasted four to ten hours No data are presented on 
the number of animals used or the findings in individual animals The common 
lymph sacs of rats anesthetized with sodium pcntobarbitol were intermittently 
cannulated in this group of experiments and leukocyte counts obtained at thirty to 
sixty minute intervals for several hours before and after the administration of hor- 
mone The authors conclude that ‘it may be generalized that the lymphocyte level 
of the circulating blood is under direct adrenal cortical control ” 

In 1946, observations by Yoffey, Reiss, and Baxter^® on the influence of adreno- 
corticotrophic hormone on the rate of lymph flow and numbers of lymphocytes in 
thoracic duct lymph appeared in the British literature These investigators found a 
decrease in the lymphocyte count and volume of flow of thoracic duct lymph in cats 
after admimstration of 300 units of adrenocorticotrophic hormone In the data 
presented from a single, typical experiment flow reduction from z to 3 cu cm an 
hour to I cu cm an hour was observed Lymphocyte counts were reported as 
having fallen to somewhere below 10,000 per cu cm two to three hours after hor- 
mone administration, the pre-injection count being in the neighborhood of 50,000 
to 60,000 lymphocytes per cu cm 

The measurement of the influence of adrenal cortical extract on numbers of tho- 
racic duct lymphocytes entering the blood stream is a particularly pertinent part of 
the investigation of the hypothesis of adrenal cortical control of lymphoid tissue 
structure and function and of the numbers of circulating lymphocytes Although 
there has been some speculation, there is virtually no evidence of an abnormal rate 
of disappearance of lymphocytes from the peripheral blood under the influence of 
increased adrenal cortical activity The literature in regard to adrenal cortical regu- 
lation of blood lymphocyte levels will be carefully examined in the second part of 
this report Suffice it to say that the latter postulate rests heavily upon the histo- 
logic and functional alterations produced by the sugar hormone of the adrenal 
cortex in lymphoid structures themselves The available evidence lays emphasis on 
involutionar)'^ changes wrought bv adrenal cortical activity on the factories manu- 
facturing lymphocytes, on the temporary cessation of lymphocyte production, and 
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on the dissolution of lymphocytes within the lymphoid tissues It should then be 
possible to obtain confirmation or refutation of alterations in the rate of delivery of 
lymphocytes to the blood by examination and study of the volume of lymph and 
numbers of lymphocytes in thoracic duct lymph at the point of its entrance into the 
venous circulation Although not all of the lymphocytes enter the blood by this 
route, It IS such a preponderant and major source of blood lymphocytes that it 
appears reasonable to feel that any widespread interference with lymphocyte pro- 
duction would be reflected by changes in thoracic duct lymph The present data in 
the literature are fragmentary and scanty This investigation was therefore under- 
taken with the hope of adding direct observations on the delivery of lymphocytes 
to the systemic circulation by thoracic duct lymph before and after the injection of 
adrenal cortical hormone 

Expenmental Approach and Methods 

Although direct obsen^anon of lymphocytes in thoracic duct lymph is an appealing approach and 
offers many advantages, the problem of control is a difficult one First, it is widely recognized that the 
numbers of lymphocytes in any given drop of lymph may vary tremendously in the same animal Second, 

It IS also a matter of record that thoracic duct lymphocyte production may show very wide variations 
from one animal to another Age, general health, individual peculiarities and numerous other considera- 
tions of undetermined nature are all probably important in this regard Third, lymph flow is influenced 
by many factors such as the time relationships with feeding, the nature of ingested food, the variations in 
muscular tone induced by varying depths of anesthesia, etc Fourth, the mechanical factors inadent to 
cannulauon of the thoracic duct and the mere fact that lymph is lost from the body may well result over a 
period of hours in qualitative or quanutative alterations of the lymph These alterauons may conccivablj 
make their appearance only after a considerable interval of ume Fifth, physiologic increase in the activ- 
ity of the jntact adrenals of the experimental animal may well occur as a result of the alarming stimulus 
of the operative procedure of thoracic duct cannulation itself An alarm reaction maj mask the effect of 
injected hormone and may vary in intensity from animal to animal 

With these considerations in mind it is apparent that each cannulatcd animal receiving adrenal corti- 
cal extract must have ail comparisons made in terms of /Ar omi baseline determinations obtained prior to 
injection of hormone It is not possible to quantitatively compare absolute values for thoracic duct 
lymphocytes of one animal to another However, if in each animal one expresses these values for each 
given time interval after injection as a ratio or percentage of prc-injcction lalues, it is possible to com- 
pare these ratios or pnentages from animal to animal Since in each animal the eialuation of the effect of 
hormone depends upon relatively few observations, it is highly important in this t)pc of experiment to 
compare values obtained from large quantities of lymph so that the iiide lanations in numbers of cells 
present in an) one drop of lymph ma) be minimized Since the effect of hormone is determined for each 
animal individually the necessity for complete uniformit) of all factors in all animals is to a large extent 
mitigated It is important, hosscser, that enough experiments be done to determine the presence or ab- 
sence of an) significant trend and that the experiments be of sufficient duration to coi cr the period uhen 
effects would be expected 

It IS also apparent that if the effects of the procedure itself are to be ruled out, a control group of 
animals not injected w ith hormone but handled in an identical manner as the experimental group must be 
obtained Valid comparisons can onh be made between xalues obtained in experimental and control 
animals at the same internal of time after thoracic duct cannulation Changes noted without benefit 
of a control group could otherwise casih be due to the procedure itself If the possibihn of adrenal actu - 
It) incident to an alarm reaction is to be ruled out as an uncontrolled xariable the experimental animal 
must include an idrenalectomized group An attempt was made in so far ax p,w<.iblc to cimirol the e C 
tors b\ the following experimental procedure 

The experimental animal emploxed was the cat Animals x\ ere dixided into three cro-ps G o-plci-' 
sisted of control normal animals xshich were to receixe no injections of adrenal co'tical hi 1-- G -p 
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II consisted of normal animals which were to receive injections of adrenal cortical hormone Group III 
consisted of bilaterally adrenalectomized cats which were likewise to receive injections of adrenal cortical 
extract In all groups studied the same procedure was follosscd Under anesthesia induced by the intra- 
pcritoneal injection of sodium pentobarbital, the thoracic duct was exposed at its entrance into the venous 
circulaaon in the neck Whenever the presence of a single main duct permitted it, cannulation of the 
thoracic duct itself was performed, a small glass cannula being inserted into the duct and held in place by 
a ligature Any small subsidiary ducts were tied off In a few instances where multiple small ducts entered 
a segment of vein the latter was isolated from all connection with the circulation and cannulated Not all 
animals of course can be successfully cannulated Also, in some instances small collateral ducts must be 
ligated and there is some doubt that lymph flowing from the cannula is completely equivalent to the 
entire volume of lymph normally entering by the complete ductal system However, it certainly consti- 
tutes the major portion of the original total flow, and since results in each animal arc referred only to 
baseline determmauons in the same animal this is not an important point It is important that a satis- 
factory cannulation and reasonably adequate Ivmph flow be obtained in each experiment It is as custom- 
ary to place a small amount of i per cent sodium heparin in the cannula to prevent anj. clotting of 
lymph while cannulation was in progress On completing the procedure the animal tv as turned in the 
prone position and placed on a wooden support A small oval aperture in this support under the cannu- 
lated duct permitted the latter to hang down at a roughly 45 degree angle and to deliver its lymph by 
dripping freely into a collecting tube The cannula was allowed to drip for a few minutes before collec- 
tion was started in order to clear itself of heparin and to relieve any abnormal backlog of lymph which 
might have accumulated in the ductal system while cannulation was being performed 

The collecting container consisted of a glass centrifuge tube calibrated so that lymph volumes could 
be directly measured This was placed under the cannula and contained three drops of a 1 per cent solution 
of pure sodium heparin (Abbott) to assure that no clotting of the lymph occurred L) mph was collected 
in hourly volumes, in the majority of experiments for an eight hour period The hourlv lolumes were 
recorded and the specimens then thoroughly mixed for five minutes Leukocyte counts were usually made 
in triplicate on each specimen In a very few instances only duplicate counts were made and in similarly 
few instances more than three counts were made The counts could be checked within reasonably close 
limits From the average leukocyte values per cubic millimeter and the volume it was of course possible 
to compute the number of white cells delivered per hour from the cannula Smears of the lymph or its 
centrifuged sediment were made in c\ ery case and stained with Wright s stain From the differential cell 
counts determined from such smears, the total leukocytes per hour were readily converted into absolute 
lymphocytes per hour In addiuon to the above, one or more total and differential leukocyte counts were 
made on the peripheral blood during the experiment This was done to insure that no animal used was 
suffering from infectious feline agranulocytosis The hematologic studies were all made by one or another 
of the authors and only Bureau of Standards certified equipment was used It was customary to maintain 
fluid and electrolyte balance by subcutaneous injections of isotonic saline during the experiment Body 
temperature was maintained by the w'armth of an electric light placed a few inches above the animal 
In normal and adrenalectomized animals receiving injections of adrenal cortical extract, two hourly 
collections of ly mph were obtained as a baseline prior to injection The body weight of the animals em- 
ployed in this group of studies t aricd from z i kilograms to 4 75 kilograms Only 2. animals weighed more 
than 4 kilograms No attempt was made to administer adrenal cortical extract per kilogram of body 
weight However, large doses of adrenal cortical extract (Upjohn) were eraplovcd since it was desired to 
assure that changes, should they be found to occur, be as nearly maximal as possible The smallest dosage 
given any cat, therefore, on a kilogram for kilogram basis wmuld have been equivalent to the administra- 
tion of about 145 cc of the same preparation to a 70 kilogram man In the normal group of 5 animals re- 
cei' ing hormone, x animals received 10 cc , x animals received xo cc and i animal reccixcd xy cc In the 
adrenalectomized group of 9 animals, i animal recened locc , 4 ammals received 15 cc ,i animals reccncd 
10 cc , and x animals recened xy cc All injections were made subcutaneously into the tissues of one or the 


other rear extremities 

In the adrenalectomized group of animals, the adrenal glands were reraosed in two stages t roug 
fl nk incisions Aseptic precautions were maintained and no studies were made on any animal deve oping 
j infection In order that the effects of the operatise procedure would be negligible, no t oracic 
rcTctnl'.™", p=rforn,=d «n„l from ,.o after rho rrmoral of the rrrond adrenal 
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gland The n\cragc intcr\al between adrcnilcctom) md cannulation was five and two-thtrds da/s la all 
tnintals used, the wound appeared healing normally or at ell healed During this period, animals were 
maintained in good condition b) the following regimen Immediately after the second adrenalectomy, 
each animal receiaed a single subcutaneous injection of adrenal cortical extract (Upjohn), an intramus- 
cular injection of 5 mg (i cc ) of desoxj corticosterone in peanut oil (Percorten, Ciba) and subcutaneous 
isotonic salt solution No further adrenal cortical extract was given thereafter, but each day z 5 mg 
(05 cc ) of desoxi corticosterone in peanut oil was administered intramuscularly No medication was 
gi\cn the daj of thoracic duct cannulation Dcsox) corticosterone in dosage of this magnitude has been 
demonstrated rcpcatcdl} to have little or no effect on lymphoid tissue structure or function A solution 
containing o 7 per cent sodium chloride and o 3 per cent sodium bicarbonate was substituted for drinking 
w atcr in the cages If an animal apjjcarcd dehydrated, sterile isotonic saline was administered under the 
skin In this manner, animals could be maintained in satisfactory shape for operation At the conclusion 
of the cannulation ex'pcriment, each animal was autopsied and in no case was macroscopic adrenal tissue 
demonstrable 

The animals in these experiments were fed as usual the daj before the procedure It was also customary 
to place a supplementarj dish of milk in the cage late the afternoon before an animal was to be used No 
food was gitcn the morning of the cannulation 

The methods of handling the data obtained arc discussed with the presentation of the data 

Presoitatton of Data 

Data are presented on 9 control animals, 5 normal animals administered adrenal 
cortical extract two hours after thoracic duct cannulation, and 9 bilaterally ad- 
renalcctomized animals also administered adrenal cortical extract two hours after 
cannulation 

The data presented in tables i, x, and 3 indicate the lymph volume in cubic centi- 
meters, the absolute lymphocyte counts per cubic millimeter of lymph of each 
specimen, and the total number of lymphocytes in each hourly colle:tion of lymph 
for each cat These figures are presented for the purpose of completeness and in 
order that the full picture in each animal will be available for each hour after can- 
nulation On the basis of this data, analyses for significant correlation between the 
treated and untreated groups of animals have been made in the following manner 
In all groups, the findings of the first two hours have been used as a standard of 
reference This standard of reference has been computed in two ways In one set of 
determinations the average values for the first two hours have been set as equal to 
100 per cent In another set of determinations the values for the second hour onh 
have been set as equal to 100 per cent The findings in each subsequent hour are then 
expressed as a percentage of chose employed for the standard of reference This his 
been done in each animal, separate ratios having been determined for each of the 
two standards of reference mentioned before Ratios are presented for 1 > mph x olumc 
in cubic centimeters, absolute lymphocytes per cubic millimeter, and total h mpho- 
cytes for each hourly collection period For example, if the axerigc 1 \ mph \ olumc 
in a given cat for the first two hours was 10 cc per hour and the third hour s flow 
xvas 8 cc , then the flow during the third hour was cighn per cent of the standard of 
reference The flow during each succeeding hour could be similarh expressed II, in 
the same animal, the second hour s floxv was ix cc , the flow during the third hour 
in terms of this standard of reference would be 66 6 per cent Ratios ot abs ilucc 
h mphoevtes per cubic millimeter and total h mphoex res can be determined and c' - 
pressed in an identical manner Separate sets of figures arc presented for caeh stand- 
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ard of reference merelx to determine whether any correlations could be found using 
either baseline It was felt that perhaps the values obtained during the second hour 
might be considered more useful because the ammal has had an opportunity by that 
time to adjust to the procedure On the other hand the average of the first two hours 


Table i—Lymfh Volwms per Hour, Absolute Lymphocyte Counts per Cu Mm of Each Hourly Specimen and 
Total Lymphocytes per Hour of Tboractc Dua Lymph m a Control Group of Normal Untreated Cats 


Hour 

after 

Can- 

nu 

lation 

Variable 

Cat Number 

445 

462 

474 

483 

499 

506 

523 

532 

544 

592 

1 

Lymph \o! m cc 
Lymphs per cu mm 
Total lymphs/hr , 

X 10' 

7 2 

28,850 
207 7 

8 8 
19 800 
174 2 

6 4 
14 949 

95 7 

8 8 
10 909 

96 0 

8 3 

22 383 
185 8 

10 1 
6402 

64 7 

12 5 

8316 
104 0 

i 4 ^ 

18 414 

1 81 C 

1 3 ; 

18 834 

1 60 c 

! 14 0 

13,167 

1 184 3 

2 

Lymph vol in cc 
Lymphs per cu mm 
Total lymphs/hr , 

X 10' 

5 2 

22,180 
115 3 

5 1 

15,427 

78 7 

6 0 
6883 

41 3 

8 6 
10 033 

86 3 

5 9 
9050 

S3 4 

6 7 
4702 

31 5 

8 3 
7343 

60 9 

4 4 
9883 

43 5 

3 5 

12 375 

43 3 

: 7 2 

13 150 

94 7 

3 

Lymph \ oi m cc 
Lymphs per cu mm 
Total lymphs/hr , 

X 10' 

5 8 
16 269 

94 4 

4 9 
10 081 

49 4 

6 8 
8811 

59 9 

1 

6 6 

8464 

55 9 

6 0 
13 017 

78 1 

7 4 
4290 

31 7, 

9 5 
6014 

57 1 

3 7 
10 400 

38 5 

4 2 
17 584 

73 9 

6 7 

12,900 

86 4 

i 

; Lymph %ol in cc 
Lymphs per cu mm 
Total Ijmphs/hr , 

X 10' 

5 8 
18 980 
110 1 

1 

4 9 
18 583 

91 1 

1 ^ ^1 
17 150 

78 9 

7 2: 
9440 

68 Oj 

6 0 
4900 

29 4 

8 2 

4655 

38 2 

7 5 
5917 

44 4 

1 

4 7 

11,333 

53 3 


5 0 
16 089 

80 4 

S 

LiTnph % ol in cc 
j Lymphs per cu mm 
Total lymphs/hr , 

1 X 10' 

2 0 

25 823 

51 6 

39 
12 544 
' 48 9 

4 5 

, 9042 

40 7 

mm 

( 3! 

7000 

51 1 

1 

8 4 

4785 

40 2 

1 

^ 1 
9517 

67 6 


2 4 
9533 

22 9 

m 

6 

Lymph \ ol in cc 

Lt mphs per cu mm 
Total l>Tnphs/hr 

X 10' 


4 2 
10 518 

44 2 

3 8 
8496 

32 3 

5 5 

9247 

50 9 

S 7 
6833 

38 9 

7 7 
4767 

36 7 

8 6 
6027 

51 8 

3 7 
8184 

30 3 

2 9 

6548 

19 0 

4 7 

9625 

45 2 

7 

i L> mph ^ ol in cc 

L\ mphs per cu mm 
Total lymphs/hr , 

X 10' 


3 3 
17 100 
o6 4 

4 5 
7178 

32 3 

5 5 
7778 

42 8 

6 7 
8467 

56 7 

1 

7 5 

5032 

37 7 

! 

6 8 
9338 

63 5 

3 8 
12 756 

48 5 

4 2 
11 217 

47 1 

4 1 

12 625 

51 8 

8 

1 Lymph \ ol in cc 
Lymphs per cu mm 
Total Ivmphs/hr , 

X 10' 


3 0 
13 365 

40 1 

4 2 

8016 

33 7 

5 4 

10 064 

54 3 

6 7 
U 632 

77 9 

6 1 

7333 

44 7 

6 3 

5760 

36 3 

2 7 
9250 

25 0 

3 2 
10 183 

32 6 



has the advantage of being a larger baseline Both computations are therefore pre- 
sented It likewise seemed wise to seek correlations between as many different 
factors as possible, and therefore lymph volume, lymphocytes per cubic millimeter, 
and total lymphocytes were all investigated in this manner One or both of the rst 
‘two hours were used as a baseline because in no group was any animal 
adrenal corneal extract during the first two hours In the f ° 

normal and adrenalectomiaed animals each cat received adrenal cortical extra 

the end of the second hour 
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Ihvini: (.Miiipincil the i itnis hir cncli mininl in these \\i\s, it was possible to 
V onij'irc the nniin iK \\ ithin c ith i^rotip tt ui\ j^iven hour after canniilation Thus, 
for cMinple, Mipposc In potlicta tilt tint in in iclrcnalectoini/ed group of 3 cats, 


1 : -7 If*-;/ I f',, r, -rr llnr thrlrtr I u fl'o \U Cntmrs p,r Cu Mw of I itch Hoiirl;^ Sfectmen 

itr 1 1 r' t! hyv j! i i d jrr Ilctr d T! ct /, 73/ / L^ti pfi //; a Group of Norwit! Citfs AlhtiiiitstcreJ 
•( fft d ( niict! / \;r J / .tftir i Fun Hot<r Ihtsehm 


Hour 

idrr 

1 snnii 
htmn 



( NiimK/ 




\ nll-iMr 

m 

(0*: 

int 

i 

j -122 

1 ■!« 

j 

Li inpli \ <t! in ct 

L\ mpln pvr III mm 
Toisl Iv mph' hr 

i 

4 3 

'5 

(■5 s y ,0' 

15 0 

M 933 
0X10® 

! 

i 5 

1 8^98 

j 70 5 X 10 

1 10 6 ' 55 

j Si So 5309 

®j 86 7 X io®j 19 1 X 10® 

- 

I-\ mph \ <il in cc 

Ls mplis per cii mm 
Tiiial l\ mph' hr 

5 9 

>S <"'50 
} X lo*" 

1 1 6 
S135 

, 9^ 4 X JO® 

1 6 4 

1 4M3 

j 17 1 X 10' 

1 

to 4 

6345 

®l 66 0 X ic 

1 ^ ^ 

' 4818 

>®j 17 0 X 10® 


Adrcml Corticil Evtner Admimircrcd 



3 

L\ mpl) \<il in cc 

L\ mphv per cu mm 
Toni I\ mpli'/hr 

f 1 

if 5S3 

101 i X 10® 

9 7 
8850 

1 85 8 X JO® 

7 9 

4S43 

38 3 X 10® 

9 7 

31-75 

31 1 X 10 

4 3 

4354 

® iS 7 X 10® 

4 

L\ mph \ ol in cc 
L\mphspcrcu mm 

1 Total Is mphs/hr 

1 

5 S 

1 16 764 

j 97 1 X to® 

8 0 

9372- 

75 0 X 10® 

7 8 

3418 

41 3 X JO® 

7 7 

4313 

33 1. X 10® 

1 5 ' 

4103 

‘ 14 4 X 10® 

5 

^ Ls mph s ol in cc 

1 Ls mphs per cu mm 
Total Is mphs/hr 

3 7 
17,917 

loj. I X to® j 

7 3 
13,461 

111 9 X 10® 1 

7 4 

4884 

36 I X 10® 

6 8 

3433 

36 9 X 10® 

4 1- 

3114 

13 3 X 10® 

6 

j 

1 

L) mph s ol in cc 

L) mphs per cu mm 
j Total 1) mphs/hr 

4 3 

11,383 

91 9 X 10® 

1 

6 5 

14,411 

93 7 X io« 

5 5 

491-5 

17 I X 10® 

5 8 

3 102. 

2-9 6 X 10® 

3 8 

4105 

13 6 X 10® 

1 

7 

[ Lymph vol m cc 

I L) mphs per cu mm 
[ Total lymphs/hr 

4 5 

16,813 

75 7 X 10* 

6 7 

8114 

53 I X 10® 

4 8 

8901 

41 7 X 10® 

3 1 

6450 

31 9 X 10® 

3 3 

1-943 

9 7 X 10® 

S 

1 

1 

1 L) mph vol in cc 
[ Lymphs per cu mm 
j Total lymphs/hr 

4 5 

13,530 

60 9 X 10® 

3 6 

7712- 

43 1 X 10® 

3 9 

3183 

lo 1 X 10® 

4 7 

4888 

13 0 X 10® 

3 3 

3311 

II 6 X 10® 


ratios of Ivmph volumes during the third hour were 70, 80, and 90 per cent respec- 
tively The mean value for such a group during the third hour would be 80 per cent 
of the standard of reference Suppose that in a control group for the third hour the 
comparable mean is 90 per cent The difference in the means for the two groups can 
be tested for significance This can be done for each hour and for each factor to be 
compared Sigmficant differences or trends if they exist can be related to the admin- 
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istration of adreoal cortical extract at the end of the second hour in the treated 
groups, since the animals were otherwise handled in the same manner as untreated 


Table 3 — Lymph Volumes per Hour, Absolute Lymphocyte Counts per Cu Mm of Each Hourly Specimen 
And Total Lymphocytes per Hour of Thoracic Duct Lymph in a Group of Bilaterally Adrenalectomicted 
Cats Administered Adrenal Cortical Extract after a 1 Hour Baseline 


Horn- 

after 

Can 

nu- 

lation 

Vanabie 

1 

Cat Number 

423 

436* 

440 

466 

494 

519 

524 

537 

542 

566 

1 

Lymph vol in cc 
Lymphs per cu mm 
Total lympbs/hr , 

X 10' 

^ 6 

111,888 

90 3 

4 7 
la, 550 

73 1 

3 5, 
9374 

32 8 

* 8, 
11,715 ; 
56 2 

3 0 
31,083 

93 2 

3 5 
28 207 

98 7 

4 0 
32 250 
129 0 

6 2 
33,533 
207 9 

4 4 

28 075 
123 5 

10 2 
14,602 
' 148 9 

2 

Lymph \ol in cc 
Lymphs per cu mm 
Total lymphs/hr , 

X m 

5 7 
10,000 

57 0 


1 

2 8 

4500 

12 6 

4 4 

16 533 

72 7 

3 0 
27,951 

83 9 

3 0 
17 589 

52 8 

4 5 

36 500 
164 2 

6 0 
17, 717 
106 3 

4 5 

38 776 
174 5 

7 9 

16 950 

133 9 


Adrenal Qirtical Extract Administered 


3 

Lymph \oI in cc 
Lymphs per cu mm. 
Total lymphs/hr , 

X 10< 

5 1 

14,298 
74 3 

1 4 C 

23 483 
93 9 

1 2 1 

14,635 
' 30 7 

4 8 

12,917 
62 0 

: 3 ( 

32,653 
117 6 

1 2 1 

8967 

1 18 f 

1 4 

39 983 
( 175 f 

1 3 1 

20,250 

1 77 C 

i 

1 

6 9 
11 583 

79 9 


Lymph \ ol in cc 

4 9 

3 4 

2 5 

4 6 

3 5 

3 5 

3 5 

6 0 

1 4 0 

1 5 6 

4 

Lymphs per cu mm 

13,899 

22 117 

7491 

28,517 

51 450 

9787 

37 250 

21 533 

30 070 

8052 


Total lymphs/hr , 

68 1 

75 2 

18 7 

131 2 

180 1 

34 3 

130 4 

129 2 

120 3 

45 1 


X 10® 












Lvmph vol in cc 

4 7 

3 0 

2 7 

3 4 

3 7 

3 8 

3 6 

4 2 

3 1 

5 4 

5 

Lj mphs per cu mm 

13,818 

30,525 

10 544 

22 866 

38 889 

10,567 

38 133 

24 354 

24,832 

8051 


Total lymphs/hr , 

64 9 

91 6 

28 5 

77 7 

143 9 

40 2 

137 3 

102 3 

77 0 

43 5 


X 10' 

1 




i 



1 




Lymph i ol in cc 

1 1 

1 5 7 

2 8 

2 8 

1 

1 1 1 

3 9 

4 2 

3 9 

3 6 

2 9 

3 1 

6 

Lymphs per cu mm 

9306 

19,828 

5033 

27 083 

38 083 

10,626 

23 056 

15 680 

32 093 

8588 


Total Ij mphs/hr , 

53 0 

55 5 

14 1 

29 8 

148 5 

44 6 

89 9 

56 4 

93 1 

43 8 


X 10' 












LjTTiph \ol in cc 

5 1 

2 8 

2 5 

3 6 

5 0 

4 0 

4 3 

2 0 

3 2 

4 9 

7 

LjTTiphspercu mm 

6928 

19,632 

5247 

6402 

33 891 

7178 

32 224 

16,709 

19 899 

7631 


Total Ijmphs/hr , 

35 3 

55 0 

13 1 

23 0 

169 5 

28 7 

138 6 

33 4 

63 7 

37 4 


X lO* 









1 

-- 


Ltmphvo! in cc 

5 8 

3 7 

2 8 

3 2 


3 5 

4 6 

1 1 

2 5 ] 

5 0 

s 1 

Lvmpbspercu mm 

11,067 

17,968 

4059 

7234 


10,133 

34 898 

18 576 ; 

19 333 j 



Total Ijmphs/hr , 

64 2 

66 5 

11 4 

23 1 


35 S 

160 5 

20 4 

48 3j 



X 10' 













• The data on cat number 436 are not included m Table 5 since data on the second hour specimen was not 3 \-ailabIe 


octrois This has been done in tables 4 and 5 and the various factors tested for sig- 
ificance by the computation of ‘‘Student’s’* t-ratios and the corresponding P or 

irnbability values i „(■ 

The significance of the differences in the means for each factor at each interva 



VMIS'IIM, CUAnnoCK AND I AW RI NCf 


737 


tunc tin he rcuiih seen In lonkini; it the P’ nic.ins in each t.ihJc ' P ' values of 
ooi too os ire gencr ilh tonsulcrcJ st itisttcalh significant \^alucs in the ncigh- 
horhooil of lo nn\ h t\c ijucstioinhlc signiheance When values much above this 
level are entountcicil thcic is tonsulereil to he no iletcctablc significant difTercncc 
between the toinpired fittots 


T O'! 1 ^ : K in (/r •! t tffi t / 1 t r( tli D»/fir i m III (Mr ill I iw ph Vohrnc per Hour Kuttot, 

! \If«) it uh St I H p! r Me per Cu jM» R iSiei, jiiJ hi Mean ToSal L_)mphocjfe per 
/fr«r R r, i Irfueeii t CritIrrI ml a I'lrnr t! -j- Certe\ Group of Cats 

1 vnipli V nlnnic IVr Hour I 'mijliontcs Per cti j ^ tp, Ppp 
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*1 Control Group o' = Standard De\ lation for each Mean 

t2 Normal + Cortex Group Mi-Mt “ Difference in the two means i e Mean of Group 1 minus Mean of Group 2 
Note The first hour after treatment represents the third hour after cannulation in each group The first two hours 
were employed as a baseline standard of reference The control group was admmistered no adrenal cortical extract. 
The figures for the means ate in every instance presented as a percentage of the mean of the standard of reference 


Analysts and Dtscusston of Data 

It can be clearly seen from tables 4 and 5 that under the conditions of these experi- 
ments no significant effect attributable to the injection of large doses of adrenal 
cortical hormone was demonstrable Whether lymph flow, the number of 1 } mpho- 
cytes per cubic millimeter of lymph, or the total number of lymphocytes per hour 
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are compared, there is no significant difference between the untreated animals, the 
normal ammals administered adrenal cortical extract, or the adrcnalectomized am- 
mals administered adrenal cortical hormone Moreover, this is true whether the 


Table 5 — t Katm for th Stgmficanct of tbt Differttices in Mian Lymph Volume per Hour Ratios, 
in Mean Absolute Lymphocyte pet Cu Mm Ratios, and in M-an Total Lympbotyte per 
Hour Ratios between a Conti ol and an Adrenalectomixed + Cortex Group of Cats 
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^ u first tU'O 

Note The first hour after treatment represents the thtrd hour after cannulation in each group xn extract 

were emplojed as a baseline standard of reference The control group was administered no “drena 
The figures for the means are in e\ erj instance presented as a percentage of the mean of the standar 0 re 


first two hours after cannulation or the second hour only is used as a baseline stand 
ard of reference If the T” or probability values for all factors an or b 
standards of reference are examined, only 8 out of the entire group 

below 10 In 3 of these 8, values for the treated groups were J 

than the values for the control group although the time interval after 1 J 
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such lint tlic opjxisirc Invc been expected In 5 of the S, values were higher 

in the control thin in the treated group In only one instance were “P” values of 
JO or below obtained with Iwth standards of reference These are found m the fourth 
hour after injection (sixth hour after cannulation) when comparison is made of the 
mean absolute hmphocytes per cubic millimeter of the control group and the 
normal group receiving adrenal cortical extract In this instance, the values for the 
treated group were abo\e those for the control group and thus the reverse of what 
would be expected according to the hormonal hypothesis In all other instances 
where apparently significant P” values were obtained for one standard of reference 
thev were not for the other In short, the data in these experiments give no clue to 
an^ significant cfTect of adrenal cortical extract on the numbers of lymphocytes or 
rate of flow of thoracic duct 1) mph No trend of any sort is detectable after hormone 
injection 

Although several factors were analysed, the total lymphocytes delivered by the 
thoracic duct per hour should, on theoretical grounds at least, have been the most 
important Regardless of the numbers of lymphocytes per unit of lymph or the rate 
of lymph flow, as far as maintaining the numbers of blood ly’-mphocytes is con- 
cerned, the pertinent factor is the total number delivered to the blood Examination 
of the data shows no suggestion of a trend in this important factor 

Data arc available for six hours after the injections of hormone (eight hours after 
cannulation) in the treated groups This interval of observation was considered 
sufficiently long since in all species studied on which there are previous reports 
maximum depression of blood lymphocytes after the administration of adrenal 
cortical extract was found to occur within three to six hours after injection The 
small amount of data available on thoracic duct lymphocyte levels after the admin- 
istration of adrenal cortical hormone also suggested depression well within this 
time interval 

It should be noted that rate of flow of thoracic duct lymph in cannulated animals 
tends to diminish as time goes on In measuring the effect of any factor on rate of 
flow a control group is therefore highly important This diminution in flow is not 
unexpected since all the factors incident to the procedure including the loss of 
lymph from the body would predispose to reduction in the rate of lymph flow 

In addition to the experiments analysed in the tables, six additional experiments 
of the same type have been performed In five of these, normal animals were in- 
jected with adrenal cortical extract after obtaining baseline determinations as a 
standard of reference, in one experiment, an adrenalectomized animal was similarly 
treated These have not been included in the detailed analysis of the data because 
adrenal cortical extract was not administered until more than two hours after 
cannulation Thus, hour by hour comparison with the major body of the experi- 
ments could not validly be made However, examination of the data in these experi- 
ments likewise shows no demonstrable trend following the injection of hormone 
They are essentially comparable to the data reported in detail in the tables 

It was of interest to note that significant changes were not apparent even m the 
adrenalectomized group of animals These had presumably been deprived for a 
period of a few days of any effect of the sugar hormone of the adrenal cortex on 
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their lymphoid structures It was thought that any effect of adrenal cortical extract 
on thoracic duct lymphocytes would be readily manifest in such a group 

Conclusions 

Under the conditions of these experiments on the cat and with the dosage and 
preparations of adrenal cortical hormone employed, it has been impossible to dem- 
onstrate significant hormonal effects on the numbers of lymphocytes or rate of 
flow of thoracic duct lymph 


Table 6 — Avtraff Valut for White Blood Cells in Cats prior to and after Adrenalectomy 


Cat Number 

1 R B C per cu mm 

Slabs and Segmented 
Keutrophiles per cu mm 

Liropbocytes per cu mm 

Prior to 
Adieoaiectomy 

Alter 

Adienalectomi 

1 Prior to 
j Adienalecttany 

After 
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Poor to 
Adrenalectomy 
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I 

IS 475 
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9733 

19013 

4713 

1978 

0 - 

10050 

45391 

xoiox 

19863 

4633 

71-77 

3 

1771-5 

14600 

7090 

ioi8i 

S690 

3008 

4 

16800 

17631 

7119 

1 1S38 

7819 

43x1 

5 

17833 

XI 404 

9931 

15304 

7465 

4060 

6 

1-0350 

19031 1 

15x89 j 

15151 

4377 j 

31-79 

7 

14667 1 

1754} 

1065 1 

13649 

1906 

3091 

8 

1x450 

15116 

7043 

10015 

4x86 

3955 

9 * 

18600 

19483 

8918 

14300 

8556 

4304 

10 1 

^ 16100 

17515 

11x70 

10995 

3059 

4730 

II ! 

1 11590 

19x41 

7635 

11-734 

3384 

5838 

IX 

1-5450 

15X8X 

17599 

16931 

5474 

7331- 

13 

i 1-3163 

18790 

15547 

19999 

7003 

7734 

14 

18x50 

160x5 

118x7 

1031S 

6046 

4748 

15 

911-7 

10900 

4988 

5917 

5584 

4413 

■ 

Average 

17175 j 

10776 1 

10318 

14411 

5467 1 

4738 


B STUDIES ON THE BLOOD COUNTS OF CATS BEFORE AND AFTER ADRENALECTOMY 

Pi estntatton of Data 

The following data indicate the total and differential leukocyte counts in fifteen 
cats before and after bilateral adrenalectomy The studies reported were made by 
one of us Q S L a few years prior to the present investigation In every instance 
repeated determinations of the numbeta and differential formula of the white Won 
cells in the peripheral blood were made prior to adrenalectomy Blood was obtaine 
from the ear vein, and determinations were made only with Bureau of Stan ar 
equipment In two instances, one set of observations only was made In all other 
cases three or more white blood cell studies were made during the control 
and in eight of the fifteen ammals five or more control observations were obtainc 
In pracucally' all instances the blood studies were made at daily intervals ^ ^ 

postoperative period All animals lived at least seven days after the removal o 
adrenal glands and the average survival period was ten days No animals 
hormonal maintenance therapy after adrenalectomy All ammals deve op- 
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t\piLil picture of idrcnal insunicicnc) prior to death and on postmortem exami- 
nation no adrenal tissue was found in any case Operations were asepticaJJy per- 
lormed and at autopsj trivial skin or wound infections were found in only 2 . animals 
(numhers one ind eight) and osteomyelitis of the tail in one animal (number five) 
The a alues given in the table arc the atrr^ges of the observations made before and 
ifter adren ilcctonn The data arc presented in table 6 

Discussion 

It can readih be seen that the average lymphocyte count per cubic millimeter 
went down after adrcnalectom) in eight animals and rose in seven The average 
absolute Ivmphoca te count w-as slightly less after operation than before it A neu- 
trophilic leukocytosis w'as observed after adrenalectomy 

The results obtained in this laboratory do not agree with the findings of Corey 
and Britton The latter w'orkers observed extreme reductions in total leukocyte 
and neutrophil counts in the adrcnalcctomized cat In their animals these alter- 
ations resulted in an increase in the per cent of lymphocytes, but the striking blood 
changes involved the neutrophil It was suggested that the extreme reductions in 
total leukocyte and neutrophil counts might be due to nentrophtlogemc failure result- 
ing from adrenalectomy The reason for the discrepancy between the findings in this 
laboratory and those of Corey and Britton arc not entirely clear It is possible that 
animals used in the earlier work developed infectious feline agranulocytosis'^^ 
during the postoperative period This highly infectious disease of cats, a condition 
not known at the time of Corey and Britton’s work, would well explain some of 
the findings 

Conc/ustojjs 

In fifteen cats the average total lymphocyte count after bilateral adrenalectomy 
was not significantly different from the average count prior to operation A neu- 
trophilic leukocytosis was observed to follow the operative procedure 

Part II The Present Status of the Role of the Adrenal Cortex in the 
Regulation of Lymphoid Tissue Structure and Function and of 
THE Numbers of Circulating Blood Lymphocytes 

A INTRODUCTION 

The concept of hormonal control of lymphoid tissue structure and function and 
of the numbers of blood lymphocytes is an intriguing one Its most recent and com- 
prehensive evaluation has been made by Dougherty and White It is the purpose 
of this review to set forth in a detailed manner the experimental findings which 
form the foundation for the concept and to attempt to evaluate critically the merits 
of data both favoring and disfavoring it 

For purposes of convenience the studies relating to hormonal regulation of 
lymphoid tissue and lymphocytes can be roughly separated into four main groups 
(i) Morphologic alterations in lymphoid tissue due to variations in adrenal cortical 
hormone activity (x) Effect of varying amounts of available adrenal cortical hor- 
mone on the numbers of thoracic duct lymphocytes and rate of flow of thoracic duct 
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IjTHph (3) Changes in the numbers of circulating penpheral blood l)'mphoc}Tcs 
with variations in the available adrenal cortical hormone (4) Alterations in factors 
thought related to l}Tiiphoid tissue and l}mphocyte function occurring with vary- 
ing adrenal cortical hormonal activit}’’ The variations in available adrenal cortical 
hormone have been studied experimentaUy in many different ways In some in- 
stances adrenal cortical extract or purified steroids have been employed to augment 
the naturally occurring adrenal cortical secretion In other studies the adrenal ac- 
uvity of the experimental subject has been enhanced by the administration of 
adrcnocorticotrophic hormone In still other invesugations the subject has been 
stressed or "alarmed” with the design of calling forth increased adrenal cortical 
activity as a response to injurious stimuli Conversely, the effects of dimimshcd or 
absent adrenal cortical hormone have been sought in the experimentally adrenal- 
ectomized animal or in human subjects with Addison’s disease Most of the evi- 
dence has been obtained from animal work However, some evidence has been de- 
rived from the effects of hormonal preparations on normal man and from studies oc 
pauents with disturbed adrenal cortical metabolism The studies will be discussed 
under the four groupings mentioned before with the realization that some investi- 
gations may overlap into more than one group 


B EVIDENCE OF GROSS AND HISTOLOGIC ALTERATIONS IN LYMPHOID TISSUE 
ATTRIBUTABLE TO THE ACTION OF ADRENAL CORTICAL HORMONE 

Review of Medical Literature 

According to GroUman,*'’ changes m 1 \ mphaac tissnc rcpcatcdK ha\ c been noted in •^.ddi'on s diseau 
Climcall) these are manifest b\ enlargement of Ij-mphauc nodules at the base of the tongue, of ton«tis 
and of other palpable Ivmphoid tissue Star is credited tilth hating first noted that the thtmus in a 17 
pear old girl djmg firom Addison s disease t\ as fjcrsistant and as large as that of a child ttt elt c months 
old In addmon, in animals d) mg of chronic adrenal insufficienct there mat be, according to GroHnun, 
striking hj-pertroph} and regeneration of the thj mus In young animals subjected to adrcnalcaomt , th- 
grotvth of the th}-mus is samulated, in older animals, the int oluted thj mus regenerates This suinroan» 
non by GroUman is amply supported b} the literature both antedating and succeeding his monograp 
Joffe,*^ m 19J-4, usmg a moderatelt large group of Wistar rats, clcarlj demonstrated thtmic enlarge 
ment in all rats survifing double suprarenalcctomt in good condmon for firom three to fit c tvccks Thi 
occurred cren though the ammal lost tyeight after the operation Histologicallt and grossh , the th' mo 
m these animals tvas uniformh demonstrated to resemble the grots ing thymus of mudi t oungcr anim 
and to differ markedlt from the glands of nonoperated controls of the same age The same author 
rctnetted this subject three ■years later, including the cyidcncc that the suprarenal glands are hypop^lisn^ 
in pauents dying tvith so-called status th)-micolymphaticus Simpson and co-tyorkcrs,‘* in ^ 93 -}’ , 

the th}-muses of adrenalectomized rats to at erage 5S per cent greater than those of control anima s a o 
the same food mtakc Remhardt and Holmes^ likettisc found that the thymus and hmph 
tycre much hcayier in adrenalectomized animals maintained forty-fi' c day s on i per cent sodium c o 
than yrere those of normal controls or controls receiving sodium chloride but not adrcnalcctomi 

Conyersclj , the tht mus and It mphauc structures hat e repcatcdlt been obsert cd to mt o ute ^ 
the admmistration of adrenal corucal hormone or of adrcnocorucotrophic hormone to anima s ^ 
tact adrenals Thus, Moon’’® reported the obscryation of complete atropht of the tht ^^ed con- 

given adrcnocorucotrophic hormone This tvas in marked contrast to the findings in untreat spa^ 
trols Very little objecuve data tvas reported Irglc and Mason’* demonstrated co- 

glands in rats in tthich cortin ttas implanted subcutaneously in the form of solid pellets 1-},- 

tvorkcrs“ administered corun and purified adrenal corucal preparations by vanous routes 
animals tvere then killed at intervals and the tt eight of various organs compared tnt no 
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The th\mu"i gland showed marked prngressne atroph\ in those rats treated with cortin in doses of 5 to 
10 cc^dails Each cc represented about 75 Gm of whole adrenal gland In the same year (1938), Evans 
et al reported marked loss of weight of the th} nuis in rats after administration of adrcnocorticotrophic 
hormone Ingle” demonstrated substantial insolution of the thj mus in the intact rat after administration 
of large amounts of cortin and similar atropln in hi pophj sectomizcd rats when additional cortin was 
supplied animals m which the adrenal cortices had been maintained at normal size by regulated amounts 
of a renocorticoirophic hormone Wells and Kendall,®' in 15^0, found the aicragc thymus weight of 6 
rats fed large doses of a liigliK potent, noncri stalline fraction of adrenal cortex was 2.7 per cent Jess than 
that of ro controls, while the average tlnmus weight of 6 rats recening corticosterone was 63 per cent 
less than that of controls Neither deso\\ corticosterone or its acetate, administered in drinking water or 
subcutaneoush , produced involution of the th\ mus in these studies Ingle’^ the same year reported that 
i mg of 17 hvdro\v-ii-dehvdrocorticosteronc administered daily for seven days to 3 adrcnalectomizcd 
rats lowered the average weight of the tlnmus to 6 mg from 447 9 mg in control animals In a simi- 
lar stud) empJoving the same dose of it desox j corticosterone, there was no significant regression of the 
thi mus in five rats However, tin mic regression of mild degree occurred when the daily dose of dcsoxy- 
corticosteronc w as raised to 10 mg Crede and Moon® demonstrated that adrcnocorticotrophic hormone 
produced thv micatrophv in ii to 13 da) old rats when given in three daily injections, and that the degree 
of atroph) observ cd w as related up to a point to the dose of adrcnocorticotrophic hormone This was also 
true in control rats but could not be demonstrated in adrcnalectomizcd rats Noble and Collip®^ were like- 
wise able to confirm the consistant presence of th) mic atrophy after the administration of corticotrophins 
to normal and h) poph) scctomized rats Dougherty and White," in 1943, showed quite clearly that pi- 
tuitar)' adrcnocorticotrophic hormone injected in CBA strain mice produced a decrease in weight of the 
inguinal, axilJarv and mesenteric 1 ) mph nodes and of the thymus Simpson and co-workers” found that 
the adrainiscration of purified adrcnocorticotrophic hormone to 6 normal rats resulted in a striking re- 
duction in weight and size of the thymus gland and the cervical lymph nodes as compared to the weight 
and size of these structures in six untreated controls This was also readily apparent in 5 treated hypophy- 
scctomizcd animals as compared to 5 untreated hypophyscctomizcd controls, but was not true in 10 
adrcnalectomizcd animals when these were compared with untreated adrcnalectomizcd controls Dough- 
erty and White" in an elaborate and intensive stud) described marked histologic changes in thymic and 
l)mphoid structures of rabbits and mice following administration of adrcnocorticotrophic hormone and 
a variety of adrenal cortical preparauons and steroids The changes did not occur in adrcnalectomizcd 
animals treated with adrcnocorticotrophic hormone nor did they occur in animals given dcsoxycorticos- 
teronc alone These histologic alterations were grouped by these authors into three stages (i) The stage 
of degeneration characterized by pycnosis of medium and small lymphocytes, edema of lymphatic struc- 
tures, cessation of mitoses and diminished numbers of lymphocytes in nodes This stage lasted approxi- 
mately SIX hours, (z) the stage of repair beginning at six hours and characterized by phagoc)tosis of 
debris, and the presence of increased numbers of histiocytes and giant cells, (3) the stage of recovery be- 
ginning at about nine hours in mice and characterized by mitoses of remaining lymphocytes, maturation 
of reticular lymphocytes, and restoration of normal structure 

The occurrence of a similar involution of thymus and lymphoid tissue has long been recognized to 
follow injurious stimuli known to result in increased adrenal cortical hormone production and h)qicr- 
trophy of the adrenal cortex Bardeen,’ in 1897, observed striking alterations in l)mphoid structures 
throughout the body in autopsy material from patients d)ing of extensive supcrfiaal burns He com- 
mented on the striking similarity of these changes to those produced experimentally in animals b) in- 
jection of diphtheria toxin, ncin, and other so-called toxalbumins He also noted similar changes in 
the lymphatic organs of children dying of diphtheria and other febrile illnesses in which toxemia is 
thought to be prominent These findings in burned subjects were confirmed b) Pack “ AkaiwaandTakc- 
shima2 observed degenerative changes in shielded Ijraphoid tissue following radiauon to other areas 
Barnes and Furth-* made similar observations w hich the) assumed to be due to nonspecific factors earned 
from damaged tissue by wa) of the circulator) s)stcm Lc Blond and Segal” felt that these changes in 
unexposed Emphatic tissue after radiation were similar to those described bv SeI)C®’ in the alarm re- 
action after a w idc vanct) of injurious stimuli The) found that this thv mic and Iv mphatic atrophi in 
unexposed areas was suppressed b) adrenalectomy though the general lethal effects of the ra>s were in- 
creased The observations of Selve®' and of Foglia and Schc” called attention to the fact that iniurious 
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Stimuli of many tjpcs resulted in thymic intolution and hypertrophy of the adrenals, and that none of 
these stimuli \%erc effecti\e m producing similar changes in the thymus of adrenalcctomizcd animals 
Invariable histologic changes were found present in the thymus, spleen and lymph nodes of normal ani- 
mals after the administration of adrenalin, formaldehyde, morphine, and atropine,and after spinal shod, 
surgical shock, cold and exercise Frank** confirmed substantial atrophy of the thymus and incrcascin 
adrenal weight in rats subjected to spinal cord transection Zecktscr*^ found that loss of weight of thy 
mus and lymph nodes resulted in rats injected subcutaneously with formalin irrespective of prcvicras 
castration, thyroidcctom} or thyroid feeding Dougherty and White'*- ** showed that lymphoid tissar 
involution produced by inanition was mediated by the adrenal cortex The c\ idence that a t ariety of in- 
jurious stimuli cause involution of lymphoid and thy-mic tissue and that this is dependent upon an intact 
hypophysco-adrenal system is more elaborately summarized bv Sclye** in a recent res icw Suffice it to say 
here that the eMdcnce is extensive, well documented and that there is little in the is ay of dissenting 
studies 


Summary and discussion 


It appears reasonable therefore to regard as proved that adrenal cortical hormone 
IS capable of producing gross and histologic changes of an involutionary nature m 
lymphoid and thymic structures The weight of protocols supporting this thesis, 
the lack of conflicting evidence, and the almost complete unanimity of opinion in 
this regard leave little doubt as to its validity It can probably be safely assumed 
that augmentation of adrenal cortical hormone (more particularly the sugar con- 
trolling hormone) is reflected by loss of weight of lymphatic structures and the 
thymus, that diminution in the amount of this hormone elaborated results m 
increase m weight and hyperplasia of these structures, and that involutionat)^ 
alterations can be produced in the intact but not the adrcnalectomized animal by 
appropriate injurious stimuli 

The translation of these well established observations into terms of lymphoid 
tissue function is more difficult That such structural changes occur is undoubted 
Why they occur and just what they mean are more abstruse questions It has been 
suggested^'* that these structural changes represent a mechanism for liberating tbc 
mctabolically important contents of lymphocytes in increased amounts dunog ^ 
period of stress Increased rate of dissolution of lymphoid tissue has been assuin 
to contribute to the normal defense of the stressed orgamsm in at least three ways 
(i) Increased release of globulin from lymphocytes — ^possibly providing precursor 
for carbohydrate synthesis, (i) release of antibody globulin in the immuflit 
ammal, (3) increased production of macrophages in lymphoid structures Howeveb 
the relationship of structural changes in lymphoid tissue to other events res 
from variations m adrenal cortical activity is of necessity one of inference, 
final proof must rest on the conclusive demonstration that a cause and 
ship exists between morphologic alterations in lymphoid structures and ot 
changes attributable to adrenal cortical hormone 


,yMPHOCYTES 


C EVIDENCE TOR ALTERATIONS IN THE NUMBERS OF THORACIC DUCT V 

IN ANTMALS ATTER ADMINISTRATION OF ADRENAL CORTICAL HORMONE 
OR ADRENOCORTICOTROPHIC HORMONE 

The evidence for hormonal effects on the numbers of thocaac duct 
IS, to the authors knowledge, confined to three investigations Oac o t 
study reported in Part I of this paper The subject has been discusse m 
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the cxpcnmcnnl section of this report and it would be redundant to again review 
It here Sulhcc it to say that an effect of adrenal cortical hormone on the numbers of 
thoracic duct 1) mphocytes or dow of thoracic duct lymph cannot be regarded as 
proved The studies in this laboratory failed to demonstrate any significant effect 
of adrenal cortical extract on the thoracic duct lymphocyte in contrast to the earlier 
reports suggesting such effects exist 

D EVIDENCE rOR ALTERATIONS IN THE NUMBERS OT BLOOD LYMPHOCYTES 
ATTRIBUTABLE TO AUGMENTATION OT AND DIMINUTION IN THE 
AMOUNT or AVAILABLE ADRENAL CORTICAL HORMONE 

Revrew of Aiet^rca/ Literature 

E\idcncc for adrenal cortical control of the le\cl of circulating blood lymphocytes takes origin from 
mant sources Most of the c\peri mental s\ork reported has been in mice and rats, a little in rabbits, a 
acn little in man 

Rccenth De LaBalze, Rcifenstcin, and Albright'® analysed the blood counts of lo patients with 
Cushing s Disease, lo patients a\ith Addison s disease, and lo patients with panhypopituitarism Total 
and differential Icukocy tc counts were done by the hospital staff or laboratory technicians The average 
white blood cell count and aaerage absolute neutrophil count were found to be high in Cushing s disease, 
while the absolute ly mphocy te count was low (1500 per cu mm ) but within the accepted normal range 
In all other groups the aterage figures for these factors were within the normal range Population studies 
indicated that the patients with Addison s disease tended to have lower leukocyte and absolute neutro- 
phil counts than patients w ith Cushing s disease The relative per cent of lymphocytes was below lo in all 
cases of Cushing s disease, was 15 to 35 in 8 cases 0/ Addison s disease and over 35 per cent in 11 cases 
It IS well to point out that the 10 cases of Addison s disease could most certainly not be separated from 
normal individuals on the basis of the numbers of circulating lymphocytes, that while the absolute lymph- 
ocyte counts in Cushing s disease showed a tendency to be low these patients had concomitant leuko- 
cytosis and neutrophilia, and that by far the most striking difference between the two conditions was 
found in the as crage absolute neutrophil counts (4403 per cu mm in Addison s disease, 52.5^ per cu mm 
in Cushing s disease) 

In addition to these human studies relating to the blood lymphocytes in disturbances of adrenal corti- 
cal function, a number of obseri ations have been made in experimentally adrcnalectomized animals In 
1918, Zwemer and Lyons’® observed a decrease in polymorphonuclear leukocytes and an increase in the 
per cent of small lymphocytes in 7 cats surviving bilateral adrenalectomy for more than four days This 
relative shift in leukocyte distribution did not occur till about the fourth day, leukocytosis with neutro- 
philia being the rule before that time — parucularly in animals surviving less than four days In 1931, 
Corey and Britton' suggested a neutraphilof^enic failure to account for extreme reductions in total leukocyte 
and neutrophil counts in the adrcnalectomized cat In one animal the rclatnc neutrophil count fell to 
3 per cent These alterations of course resulted in an increase in the per cent of lymphocy tes, but the strik- 
ing blood changes involved the neutrophil Data from this laboratory on blood counts of cats before 
and after adrenalectomy arc presented in Part I of this paper They did not confirm the earlier w ork and 
failed to demonstrate significant changes in absolute lymphocy^tcs in the cat after adrenalectomy The 
discrepancy between this and the earlier work is not explained but it is suggested that possibU the occur- 
rence in the latter of infectious feline agranulocytosis fa condition not known at the time of Corey and 
Britton s work) in animals duringThc postoperatne period could result in the blood picture found 
Simpson and co-workers, in 1934, published a few obsers ations on blood counts of adrcnalectomized 
rats They found no significant change from controls in cither total Icukocy tc count or per cent 1 \ mpho- 
cytes in animals suffering from chronic adrenal insufficicnci Howc^cr, counts were made on onI\ a few 
controls and adrcnalectomized rats The following tear, Shecket, Friedman and Nice®' published a short 
summary of mean \alucs for leukocytes in the blood of adrcnalectomized animals In 34 normal rats the 
mean leukocyte count per cu mm was 11,319, whereas it had risen to 17 . 5/6 cu mm just before 
death In 19 rats differential leukocyte counts showed Si z per cent hmphocvtcs before adrenalectomv 
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and 88 4 per cent lymphocytes immediately before death from adrenal insufficiency The figures given 
compare the normal with the moribund rat In 1940, Dalton and Masson'’ reported data on 8 rats compar- 
ing the preoperative count with counts made twenty-four hours before death from adrenal insufficiency 
There was an absolute lymphocytosis, an absolute neutrophilia, and a marked erythrocytosis, suggesting 
a severe degree of hemoconcentration in each case It is again unfortunate that the comparison was made 
for ammals in the terminal stages of adrenal insufficiency More recently. White and Dougherty®’ have 
reported blood findings in adrenalectomizcd rats and mice In 14 adrenalectomizcd mice, the lymphocyte 
counts per cu mm were 14,549^: 1514 (means and standard errors) as compared to an average of 9584 d: 
371 m 99 normal controls Since these animals were untreated, hemoconcentration undoubtedly occurred 
However, in adrenalectomized mice partially controlled with desoxycorticosterone the average lympho- 
ej’-te count was 11,674 ± 684 The data for mice were obtained in the first five days post adrenalectomy 
In the figures presented for rats no change in absolute lymphocyte count was noted until six days after 
adrenalectomy Crafts’ was unable to demonstrate any significant change in total or differential Icuko- 
C) te counts in adrenalectomizcd rats maintained on i per cent sodium chloride 

Since X943, there have been a number of studies of the effects of adrenal cortical hormone on the blood 
elements Dougherty and White,” in 1943, found leukopenia, lymphopenia, and neutrophilia in mice 
administered adrenocorticotrophic hormone This was apparent in three hours and change was maximal 
in nine hours after hormone administration Similar results were obtained when adrenal cortical extract 
was given except that these findings occurred earlier No such alterations resulted when adrenocortico 
trophic hormone was given to adrenalectomized animals In 2.5 mice receiving daily adrenocorticotrophic 
hormone for fifteen daj s, there was lymphopenia, neutrophilia, and little change in total leukocyte count 
The blood picture could not be similarly altered by injection of prolactin, pitressin or scrum globulin 
The following year, Reinhardt and co-workers®’ reported that two injections of i mg of adrcnocorti 
cotrophic hormone four hours apart resulted in lymphopenia and an increase in neutrophils in 6 rats as 
compared with 6 controls In 4 dogs given adrenocorticotrophic hormone intraperitoncally, the marked 
leukocytosis dcvelopmg and the differential cell counts obtained were not significant!) different from con 
trols given other protein substances by the same route However, 3 dogs given 10 mg of adrenocortico- 
trophic hormones subcutaneously showed leukocytosis and some reduction in blood lymphocytes after 
SIX hours Two controls showed little change 10 absolute lymphocytes The controls also did not develop 


leukoc) tosis, however 

The most intensive studies of the role of pituitary adrenocorticotrophic hormone in regulating the 
numbers of blood elements have been made by Dougherty and White ” Observations were reported in 
mice, rats, rabbits and a few in man In mice single injections of adrenocorticotrophic hormone "’cre 
given, groups of animals bled at intervals after injecuon, and the average cell counts compared with con 
trols Results indicated a substantial lymphopenia developed within one to three hours This attained a 
maximum at tune hours and returned to normal by approximately twenty-four hours In rats similarly 
studied, absolute lymphopenia and leukopema were apparent at three, six and nine hours after injection 
and these were still present up to twenty-four hours In rabbits, considerable lymphopema was found up 
till twenty-four hours after injecuon Desoxycorticosterone did not produce similar changes In most m 
stances, an increase in granular leukocytes accompanied the lymphopema Adrenocorucotrophic hormone 
was reported to cause neutrophilia but not lymphopema in adrenalectomizcd ammals It was also 
that other protein substances will produce leukocytosis but not lymphopema In the same groups 
studies, lymphopema was observed in mice, rats, and rabbits receiving a single dose of o 5 cc , x o 
and 5 cc of adrenal corucal extract respectively In 5 human cases not suffering from Addison ^ 
zo cc of acqueous adrenal corneal extract were administered subcutaneously and blood counts ^ 
and SIX hours afterwards The results were equivocal, showing slight reduction in absolute lymp oc)^^ 
counts after injection However, the data must be viewed with some question since crythroc) tc coun^ 
the SIX hour period following hormone injection showed extreme unphysiologic variations in x 0^^ 

5 cases Counts in both of these individuals varied firom less than four to over five million per cu 

^Mthout similar changes in the hemoglobin values ^ 1,,. on a small 

Elraadjian and Pincus« obtained blood 1 > mphoc) tc v alues at intervals throughout tn ) 
group of normal and ps)chotic patients A regular diurnal rhythm was reported in 
osvchotic subjects This was said to correlate with 17 ketostcroid output in urine, the p,, 

cst when the l)mphoc)^c counts were lowest An irregular ketostcroid pattern wa 


chotics 
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'i ofTo ind ]h\tcr • in 15^6 found 1 reduction in absolute Jymphocj tc counts in rats after injection of 
adrcnocorticotropliic hormone or adrenal cortical extract No mention was made of the total leukocyte 
aalucs in this group In S rats receis mg dail\ injections of adrenocorticotrophic hormone, adrenal corti- 
cal hormone, or both for twenti -eight dai s, the 1) mphoc} te count twenty-four hours after the last dose 
w as elc\ ated in 3 animals and depressed in 5 The significance of counts made as long as twenty-four hours 
after the last injection is, of course, open to question In r rabbits subjected to a twenty-two day control 
period followed b\ daih subcutaneous injection of adrenal cortical extract, no appreciable change in 
absolute 1} mphoc\ tc count w as obtained 

Verj rcccnth , a detailed stud) at the Ma) o Clinic^'’ has been reported on the results of the administra- 
tion of anterior pituitart adrenocorticotrophic hormone to a >oung woman maintained on a constant 
diet The total daih dose was 3.5 mg for six days, 50 mg for six days, and too mg for eleven and one- 
half da)s Changes in l)mpIioc)tc count were regarded as of questionable significance and the plasma 
electrophoretic pattern remained unchanged during the entire period of study 

Harlow and Sel)c,” in 1937, reported leukoc)tosis with relative and often absolute lymphopenia in 
rats and mice gi\en adrenalin cr formaldeh)de or exposed to cold or surgical shock The changes in the 
blood picture during the alarm reaction w hich has been demonstrated to elicit increased adrenal corti- 
cal actiMt) haxe been recently summarieed b) Sel}e ** The occurrence of neutrophilic leukocytosis with 
accompao) ing 1) mphopenia w as emphasized 

A few studies arc available on the cITccts of adrenal cortical activity on leukemia in animals Murphy 
' and Sturm,’*' in 1943, observed that adrenalectomy substantially increased the percentage of takes of 
a transmissible leukemia in rats The same authors'® found increased survival when rats of highly sus- 
ceptible strain were treated with adrenal cortical preparations following intrapentoncal inoculation of 
leukemic cells Law and Spelts'*® noted a decrease in total lymphocytes and in the immature lymphocytes 
of mice with spontaneous lymphoid leukemias after intrapentoncal or subcutaneous injection of adrenal 
optical extract (acqueous) or lypoadrenal extract Regression of infiltrated thymuses and lymph nodes 
and to a lesser extent of the spleen was observed In the small series of animals studied, the effect on life 
cxpcctanc) could not be stated 

Summary and Discuss ton 

There is considerable evidence to suggest that in mice and rats the administration 
of appropriate amounts of adrenocorticotrophic hormone, adrenal cortical hor- 
mone, or the stimulation of the adrenal gland by “alarming” the animal results 
in the production of some degree of absolute lymphopenia There is somewhat less 
evidence that this applies to the rabbit, only equivocal evidence that it applies in 
the dog, and scant evidence thus far fer its application to man Recently, Dough- 
erty and White*^ have reported receiving personal communications to the effect 
that changes of this nature have been observed in man In most instances, the lym- 
phopenia has been accompanied by neutrophilia More work is needed on the 
nature of the frequently reciprocal behaviour of the granular leukocyte and the 
lymphocyte It is perhaps unfortunate from the standpoint of critical review that 
I so many of these studies have been conducted on the mouse and rat, animals in 
which the lymphocytes constituted 60 to 90 per cent of the blood leukocytes in 
-- contrast to certain other mammals, including man, in which the neutrophil/Jym- 
phocyte ratios is the reverse of this These experimental animals, because of their 
’ size and ready availability, are admirably suited for group hematologic studies 
However, the differences in blood picture from that seen in man raise the question 
, as to how literally observations in these animals can be applied to man Be that as 
'' it may, in summarization it is fair to state that there is some evidence that absolute 
lymphopenia does result after augmentation of adrenal cortical hormone 


748 


ADRENAL CORTICAL HORMONE AND LYMPHOCYTES 


ConverseJy, the evidence for lymphocytosis resulting from diminution in the 
amount of available adrenal cortical hormone is at present none too satisfactory 
Observations in adrenalectomized animals have been scanty and frequently open 
to the criticism that comparisons were made between normal animals and animals 
in which severe derangement of many types had occurred with extreme symptoms 
of adrenal insufficiency Further, not all observers have reported absolute lympho- 
cytosis and lymphocytosis, when observed, has not always been of striking nature 
It IS not clear that the absolute lymphocyte counts of patients with Addison’s 
disease differ from those of normal individuals It is the opinion of the authors that 
the present available evidence admits some reservation that the regulation of the 
numbers of blood lymphocytes is under pituitary control and mediated by way of 
the adrenal cortex * 

E EVIDENCE OF ALTERATIONS IN FACTORS ASSOCIATED OR PRESUMED ASSOCIATED 
WITH LYMPHOCYTE AND LYMPHOID TISSUE FUNCTION ATTRIBUTABLE TO 
AUGMENTATION OF OR DIMINUTION IN THE AMOUNT OF 
AVAILABLE ADRENAL CORTICAL HORMONE 

Review of Medical Literature 

The functions of the lymphocyte have been the subject of much speculation and discussion Drinker 
and Yoffey*® summarized the available information up to the time of the publication of their monograph 
(1941) and were inclined to agree with Lewis chat while the funcuons of lymphocytes were the subject 
of religious beliefs reliable factual information as to their specific functions was sparse However, lymph 
Old tissue has long been suspected of playing a role in serologic immunity McMastcr and Hudack” 
summarized the literature in this regard in 1935, presenting also evidence of their own that agglutinins 
were formed within the draining lymph nodes of mice following mtradcrmal injection of killed cultures 
of micro-organisms These authors were careful to point out that their experiments threw no light upon 
the subject of antibody formation elsewhere in the body They felt that there is no good reason to con 
sidcr the lymph nodes as the sole site of antibody formation The subject was again reviewed by Drinker 
and Yoffey in their monograph ” 

Since 1940, further evidence has accumulated to support the suspicion that lymphoid tissue and lym 
phocytes may be one of the factors concerned with the production of scrum globulin and antibodies n 
the study of Ehrich and Hams,*’ antigens were injected into the footpad of rabbits and the subsequent 
formation of antibodies in the single popliteal node draining the area was compared with the output 
lymphocytes in the efferent lymph from this node and with morphologic changes in the node Anti 
were found to appear in the efferent lymph two to four days after injecting antigen and reached t e^ 
height after six days The rise in scrum titer was preceded by a sharp rise in the output of lymphocytes 
the efferent lymph and by hyperplasia of the node The authors felt the evidence pointed to the jmp 
cyte as a factor in the formation of antibodies i j I m 

Dougherty , Qiase and White,** two yxars later, cttractcd the washed cells from minced poo e 
phoid tissues of immunized and nonimmunizcd mice and also made extracts of nonlymphoid 
tracts of 1 } mphoid tissue from immunized mice showed high titers of antibodies No titer was 
extracts from salivary glands or muscles of immunized animals nor from lymphoid tissues of no 
nizcd animals The authors concluded that antibodies arc concentrated in lymphocytes The actua 
duction of antibodies by lymphocytes has not been established ’ . ^ pj 

Kass,’*' in 1945 studied the thoroughly washed lymphocytes from lymph nodes remove ro ^ 
ticnt one hour after death Although the cell suspension of lymphocytes was washed unti | ^5 

natant would not react with rabbit antisera prepared using highly purified human gamma g^^ 
antigen, the extract of the lysed cells themselves reacted to anti-human globulin rabbit saa pr 

with antisera, this extract inhibited the ability of the antisera to precipitate human ga g 


scrum 
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In the -^anic tear, Harris and co workcrs^'obscracd that cell extracts from the popliteal node draining 
a site of antiboda formation in the rabbit contained significantly higher titers than cfFerent lymph plasma 
The greatest dilTcrcnce betw cen cells and 1 \ mph plasma \x as found five daj s after the injection of antigen 
These results were interpreted to indicate either Ci) Ijmphocj tes are a source of antibody formation or 
(z) h mphoci res absorb or adsorb antibodj Etidencc was presented fatoring the first view since iym 
phocAtes both in \no and \itro were demonstrated not to pick up antibodies wnth ivhich they were 
placed in contact 

With this as background, clforts hate been made to correlate serum globulin and antibody titer 
changes with the postulate of the adrenal cortical control of Ijmphoid tissue and the blood lymphocyte 
level White and Doughern “ found a slight but statistically significant rise in scrum proteins in rats 
three and si\ hours after administration of adrcnocorticotrophic hormone This was back to normal 
within twentv-four hours Dailj administration of adrcnocorticotrophic hormone for fifteen days pro- 
duced scrum protein levels somewhat above that of controls It was thought that lymphocytes were the 
source of the scrum protein rise The same authors®* in a more extensive report obtained a statistically 
significant increase in total scrum protein of rabbits in the twenty-four hour period following adminis- 
tration of 10 mg of adrcnocorticotrophic hormone or 5 mg of adrenal cortical steroids in oil This was 
found due to an increase in the beta and gamma globulins Cell extracts of lymphoid tissue were also 
found to have protein components identical with gamma globulin of scrum The authors concluded that 
this evidence in conjunction with observation on the lymphoid tissues and blood lymphocytes justifies 
the assumption that the rate of release of protein from lymphocytes is under the normal physiologic 
control of the pituitary adrcnocorticotrophic hormone which everts its influence by way of the adrenal 
cortex 

Doughert) , White and Chase,** in 1944, reported an increase in antibody titer after a single injection 
of adrenal cortical extract in 8 rabbits whose titer could not be further elevated, by injections of antigen 
alone In rabbics immunized with sheep erythrocytes £aal agglutinin titers were higher if adrenal cortical 
extract w'as administered together with the antigen 

The same workers'® produced an anamnestic reaction in rabbits and mice following a single injection 
of adrenal cortical extract or adrcnocorticotrophic hormone Toxic sumuli such as benzine and potassium 
arsenite, produced an anamnestic response in normal but not in adrcnalcctomized mice It was concluded 
that the data established the role of pituitary-adrenal secrcuon as the controlling mechanism for the 
release of antibody from lymphocytes The anamnestic reaction is a manifestation of this control The 
following year, Dougherty, White and Chase'® found that lymphocytes obtained by extraction of cells 
from rapidly grow ing mouse lymphosarcoma in immunized animals contained antibody The antibody- 
containing tumor could be transplanted into a second generation of mice and antibody was subsequently 
found in the normal lymphocytes of the animal in which the transplant was made It is interesting that 
antibody was found in the presumably normal lymphocytes of the animals who had never been exposed 
themselves to antigen 

Chase, White and Dougherty,® in 1946, presented evidence that in mice, rats and rabbits antibodj pro- 
duction reached a higher maximal level when adrenal cortical extract was injected with antigen In 
rabbits hyperimmunized to sheep erythrocytes, a single subcutaneous injection of adrenal cortical extract 
produced an increase in antibody titer The elevation in titer in most experiments vv as of the order of one 
tube when converted to terms of the usual double dilution technic However, the trend in all experiments 
appeared to be uniformly upward Continued dailj injection of adrenal cortical steroids in oil were re- 
ported to maintain higher titers than those seen before hormone administration Eisen and co workers,'* 
on the other hand, found no difference in cither antibodj titers (sheep cell agglutinins and hemolj sms 
and precipicins against pneumococcus capsular^olj saccharide or serum gamma globulin) in adrenal 
cctomized rats rcccivung adrenal cortical lipoextract from similar animals receiving onlv dcsoxvcorri 
costeronc Studies with glj cine tagged with heavv nitrogen showed no differences in the rate of nitro 
gen metabolism in scrum proteins in the two groups 

The effect of roentgen radiation, known to be highlv destructive to Ivmphoid tissue has also been 
investigated in connection with hormonal control of release of protein and antibodv from Ivmphoid 
tissue " ” Whole bodj radiation in the amount of zoar was found to elevate total scrum p'oicinsard 
gamma globulin and to produce an anamnestic response in prcviouslv immunized adrcnalcctomized mac 
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The much smaller dose of lor produced the same physiologic alterations including the anamnestic re 
sponsc in normal but not in adrenalectomizcd mice It was felt by the authors that small doses of radiation 
exert their action on lymphoid tissue by augmenting pituitary-adrenal cortical secretion while large doses 
produce their effect without endocrine mediation 

Recently, Gjcssing and Chanutin*® have reported the results of electrophoretic analysis of plasma and 
plasma fractions of normal rats and rats subjected to thermal injury The injured rats exhibited a deaeasc 
in the per cent of gamma globulin and albumen fractions Alpha and beta globulins were increased These 
authors report that their unpublished observations indicate that similar changes occur in the dog and that 
these injury patterns of Fraction U and HI were also observed after administration of terpentine or oi 
adrenal cortical hormone In other studies involving the Tiselius apparatus, Lewis and McCullogh'*^ found 
a decrease in gamma globulin and albumen m 8 cases of Cushing s syndrome Li and Reinhardt*' could 
detect no increase in the gamma globulin fraction of plasma of either hypophysectomizcd or normal rats 
administered adrcnocorticotrophic hormone The albumen fraction was increased The protein compo- 
nents of cervical duct lymph in these animals was not altered by adrcnocorticotrophic hormone Nitskc 
and Cohen,'* employing methanol fractionation, were unable to demonstrate statistically significant 
alterations in the scrum proteins of a group of ix patients with lymphocytic leukemia 

Summary and T)tscusston 

There is rather sfrongly suggestive evidence that lymphocytes or lymphoid 
tissue may be a source of gamma globulin and play a role in antibody formation 
There is some evidence that in certain species antibody titers may be enhanced and 
that anamnestic responses of considerable magnitude may be elicited by the admin- 
istration of adrenal cortical hormone The demonstration of significant changes in 
plasma gamma globulins after hormone administration requires further confirma- 
tion Increases in gamma globulin reported have been relatively small and other 
observers have found decrease in gamma globulins after stress®® or no changes after 
admimstration of adrcnocorticotrophic hormone Further, some investigators®’’ 
have found that antibody production is accompanied by histologic hyperplasia of 
lymphoid tissue rather than by involutionary changes, and impairment of antibody 
production in the adrenalectomized animal has not been consistently demonstrated 
Joffe®® and Grollman®® review evidence that, if anything, antibody production m 
adrenalectomized animals is increased Chase, Dougherty, and White® point out 
that the matter is controversial 

The hormones of the adrenal cortex have manifold metabolic activities It 
difficult at the present time to regard as proved that the reported changes in plasm* 
globulins and antibody titers necessarily have resulted from lymphocyte dissolution 
or that the release of antibody is normally under adrenal cortical control Furt e 
work will have to be done before this important point can be settled 

General Summary and Discussion 

The hormonal control through the hypophyseo-adrenal cortical system of ly®^ 
phoid tissue structure and function is an important concept We cannot at 
present time regard that the concept is established fact Final judgment m ^ 
await additional work and the clarification of some of the inconsistenciw w 
appear to exist It seems reasonable that lymphoid tissue is one of the en org^ 
of adrenal cortical hormone and that it may perhaps play a role in the 
the organism to stress It seems quite clear that the sugar hormone o t e ^ 
cortex IS capable of producing structural alterations in lymphoid tissue 
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in thoracic duct lymphocyte numbers as a result of augmentation in the amount of 
available adrenal cortical hormone is at present controversial Experiments in this 
laboratory have failed to demonstrate it The production of lymphopenia, at least 
in some species and possibly in man, by increasing available sugar hormone is 
supported by some evidence The exact mechanism of production of lymphopenia 
IS open to question, its relationship to changes in lymphoid tissue structure being 
one of inference The converse situation — absolute lympocytosis resulting from 
deprivation of adrenal cortical hormone — is the subject of controversial reports 
At best. It must be admitted that relatively slight alterations from the accepted 
normal range of lymphocyte values occur in the adrenal insufficient organism 
Changes in plasma gamma globulins and antibody titers associated with changes 
in the amount of available cortical hormone are reported It should be clarified 
whether such changes have necessarily resulted from lymphocyte dissolution or 
are related to other of the variegated actions of adrenal cortical hormone 
The relationship of adrenal cortical hormone to lymphoid tissue and lymphocytes 
and the relationship of the latter to the response of the organism to stress must 
indeed be complex It is reasonably well established that the life span of the lym- 
phocyte IS very short indeed' and each lymphocyte presumably liberates its 
metabolically important contents within a few hours at the most If stress con- 
tinues for any period of time, as often it does, it is difficult to visualize the wisdom 
of interfering with the production of metabolically vital substances in order to 
secure the transient benefits of lymphoid tissue dissolution It is also somewhat 
difficult to regard as proved that the various changes reported after hormone aug- 
mentation or deprivation necessarily represent the normal mechanism by which 
these factors are regulated and kept within physiologic limits More investigations 
are required to answer such questions and to further elucidate the interrelationship 
of the adrenal cortex and lymphoid tissues 
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CHANGES IN CIRCULATING LEUKOCYTES INDUCED BY THE 
ADMINISTRATION OF PITUITARY ADRENOCORTICOTROPHIC 
HORMONE (ACTH) IN MAN 

By A Gorman Hills, M D , Peter H Forsham, M D , and 
Clement A Finch, M D 

Introduction 

I N THIS communication we report observations on the hematologic effects of 
adrenal stimulation by pituitary adrenocorticotrophic hormone (ACTH) Ex- 
periments by other investigators ^ ^ s demonstrated that circulating leuko- 
cytes in animals are subject to the influence of the adrenal cortex The aim of this 
study has been to clarify, by direct stimulation of the adrenal cortex, the nature of 
the control exerted upon the leukocytic pattern by adrenal cortical secretion in 
man, and in this way to throw some light upon the mechanism of leukocyte alter- 
ations in Addison’s disease, as well as in conditions characterized by adrenal over- 
activity 

Methods 

The preparation* employed in this study was a purified adrenocorticotrophic 
hormone derived from hog pitmtary by isoelectric precipitation in the cold Its 
potency is attested by the fact that intravenous administration of x to 4 micrograms 
into a hypophysectomized rat provoked a marked decrease in the ascorbic acid 
content of the adrenals Electrophorectic analysis revealed the presence of more 
than one component The material had o ix units of oxytocic activity and o i-o x 
pressure unit per milligram, growth promoting, gonadotropic and thyrotropic fac- 
tors were not present in significant amounts It is a white amorphous powder which 
IS soluble to at least 5 mg per milliliter of saline, although some lots require either 
slight alkalinization or acidification for complete solution It was handled with 
sterile precautions and dissolved in sterile media No attempt was made to sterilize 
the material itself, as ultrafiltration results in considerable loss of biologic activity 
Smears were made directly from the needle of the syringe and prepared with 
Wright’s stain All other hematologic studies were carried out on oxalatcd venous 
blood Absolute neutrophil and lymphocyte counts were calculated from the total 
leukocyte count and the smear differential 

Eosinophils were enumerated directly according to the method ofDungcr,^ 
slightly modified By this technic, oxalatcd blood is drawn into an ordinarj nhitc 
cell pipet to the o 5 mark A special diluting fluid is used, consisting of 5 cc of x 
per cent aqueous eosin, 5 cc acetone and cc distilled water TTic h} potonicity 
of the solution causes the red cells to rupture, the granules of the eosinophils take 
up the red dye while other Icukoc} tes remain colorless A Lc\ \ hemoev tometer 

From the Department of Medicine, Harvard Medical School, and the Medical Clinic, Peter H-i t 
Brigham Hospital, Boston, Massachusetts 

This studs was aided in part b\ grants to Dr George Thorn from the Committee on Pc ear-'h i" 
Endocrinologv , National Research Council, and from the \rmour Labo'atoricv 

* This material was kindh supplied through Dr John R Mote of the \rniour Lab rato' c C -r > 
Illinois 
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(depth tom } is used and 4 chambers of 16 sq mm each are counted Under 
these conditions, one counts, with normal human blood, about 10 to 35 cells in 
each chamber The eosinophil count per sq mm (normal range — 60 to zoo) is ob- 
tained by multiplication of the average of 4 chamber counts by a factor of 6 Z5 
The method permits a high degree of accuracy ® Should it be desirable, the count- 
ing sensitivity can be doubled by merely drawing blood to the i o mark in the leu- 
kocyte pipct 

Two technical points may be stressed First, the pipet should be shaken only 
50 to 150 times and the chamber loaded promptly, since Dunger’s solution tends to 
rupture leukocyte membranes Second, after the fluid has been introduced into the 
chamber, two to three minutes should be allowed to elapse while the granules 


Table i-a — Effect of ACTH on Leukocytes — Nortnal Volunteers 


PatientjAge, Sex, PBBH 
Ho 3 p No 

8am 

12 Noon 

% Change 

IS'BC 

Neut 

Lym 

Eos 

WBC 

Neut 

Lym 

Eos 

Neut 

Lym 

Eos 

M K , x6, F , No 5A4gi 

5700 

2-793 

Z508 

97 

10400 

811Z 

187Z 

19 

+ 192 

-76 

— 80 

C L , 17, F , No 5A49L 

5800 

32-48 

zz6z 

88 

9700 

8536 

970 

29 

-1-163 

-57 

-78 

L D , Z7, F, No 5A493 

6goo 

3795 

Z691 

79 

7500 

5550 

1575 

2. 

-t-46 

- 4 Z 

-97 

J C, zg, F, No 5A4g4 

7000 

4410 

2-590 

81 

10800 

8316 

Z160 

9 

+ 89 

-27 

-89 

V P , Z4, M , No 5 Azg5 

7500 

3975 

32-2-5 

ZIZ 

gz66 

6546 

zi6z 

78 

-f 75 

-33 

-63 

W H,zz, M,No 5Azg6 

10000 

6000 

3600 

344 

12.735 

10805 

1660 

100 

-f-So 

-54 

-72 

P L ,z6, M , No 5A343 

IZ^OO 

7995 

sfoooz88 

1Z790 

10^18 

zogS 

61 1 

+32 

-48 

-79 

R P , z8, M , No 5Azg7 

7750 

46x0 

z850|i6g 

11150 

9554 

1838 

61 

-f207 

-36 

-64 

Average 

+98 

-45 

-75 


take up the dye When this is done, no difficulty will be encountered in identifying 
the darkly stained eosinophils at a glance 


Results 


I EFFECT OF A SINGLE INJECTION OF ACTH 

A Effect tn Subjects without Adrenal Cortical Impairment 

The effect of a single intramuscular injection of Z5 mg of ACTH, given at 8 a m i 
was studied in fasting human subjects After an initial short latent period, there 
ensues a fall in lymphocytes and eosinophils and a rise of neutrophils, common]) 
resulting in an increase of the total leukocyte count These changes arc always ap- 
parent by two hours after injection, and become maximal at about four hours 
There then ensues a return of the leukocytes over the next four to six hours to 
approaching the pre-injection ones Determinations of the effect of a given dose 0 
hormone after four hours thus represents the maximum measurable change ‘g 
nificant changes are not observed under identical control conditions wit ou 

hormone administration _ 

Determinations of the changes in circulating leukocytes found four hour» 
injection of Z5 mg of ACTH intramuscularly in 8 normal human 
38 patients with miscellaneous conditions arc recorded in tables i-a an i 
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ruirnl \rr ''fx 

I’liim II.. j. \« 


I I H, 50 M 
N’o -Ij^5 


T ^nI r I /. I fi,r rf in H cn U„ko )t(s m Mn.cll.nitous Com!, nous 

K X \( 


Dnrnovix 


1 crniinjl I acn- 
ncc V Cirriitnix 


\\ IK \riii 'ixm 


n n if, \) Kliciiinatdiil Artli 


N’li ) \^f o 

3 n n.^,5 1 
No ^ 

A H C.i,,, M 

No o \(‘'0 

5 ^ c , 33. r 

No R3703 

c D L , r • 

7 M r , M • 


s M r. i 9 ,r, 

(ROnH)** 

9 M.>3. 

M , No 
R6611 

10 J G , 67, M , 
No F77S9 

11 M G , 19, F , 
No M519I 

12. F McG , 54, 
M , No 0A346 

13 J M,43,F, 

No 0A913 

14 C N , 62., F , 
No 5A417 

15 L P , 43, F, 
No 162.63 

16 J R , 41, F, 
No D862.7 

17 C S , 36, M , 
No xA64 

18 NS, 13, M , 
No 5A673 

19 E S , 47, F , 
No 6A444 

2.0 M S , 13, F , 
No 6A848 

2-1 E L,43,F, 

No 3A86 

2.1 G G , 16, F , 
No 3A82.1 


nils 

ri.-vcniiimcJ lupii 

Th \ rotOMCOMv 
(tonirollcd on 
iodine) 

Tin rotoMCo'is 
(uncontrolled) 
M\ ivthenia ^rn\ ix 
MmmIi enii gri\i 
(tin niecto 
nii^ed) 
Rlieuinttoid 
irtlintis 
Osteoporosis 


Gnscric nnd duo- 
denal ulcers 

Neurnsthenn 

Dronchiil asthma 

Rheumatic heart 
disease 

Familial hcmol) tic 
jaundice (splcn- 
cctomizcd) 

Anxictj state 

Cushing s syn- 
drome 

Rheumatic fever 

Old poliomyehtis 

Pituitary hypo- 
thyroidism 

Hypothyroidism 

Chronic brucellosis 

Psychoneurosis 


2.400 
8 900 

4300 

905 
12.3 


1540 

4700 


7550 

2.800 

9300 

7500, 

6650 

9785 

7400 


2.400 


SM 

6980 


12 Noon 


9o ClionRc 


697 

3-170 

1610 


4075 

i960 


4460 

3980 

2.330 


30S0 

13830 


54 

97 

36 

83 

[410 


3 \I)C 

Ncut 

I ym 

0 

W 

N'cut 

Lym 

Eos 




29 



-63 


I3395 


672. 


I3070 

330Z 

3460 


136 

'384 


4300 

10873 

6100 


4693 


3400 

11430 

3300 


3080 

8500 

X915 


|2.6i 

118 

1^5 

1^34 

I403 

36 

”7 

1 2.00 


10900 

14600 


13650 

3630 


IIIOO 


3390 




15 


3S6C 

54c 

I 

+ 87 

8S00 

1510 

32- 

+87 

4500 

1470 

110 

-f88 

93S0 

1530 

52- 

+78 - 

0 

2.040 

229 

-f-80 - 



37 



-2-3 

-36 

-9 


'2-595 


156 


11130I 7700 
74oo| 52.30, 
8600I 4760 


2.510 


j2.050 

|2.86o 

|2-2-79 


2-3 
[2.16 
|2-32 
144 

58 

|a86 

2.10 


12.000 


10600 


I2.008 
I18501 
1 2.380 


52 

29 

88 

287 


+ 273 


^-80 
-98 
-82. 

-49 

— 62. 
-69 

j-86 

-2.41 — 60 


+73I-62. -83 
-6z 

+73I-35I-53 


23 +2-4 


+ iz8 


92.00 1170 


92.00 

17350 

7830 


7640 

15800 

5662. 


12.88 

380 

I2-185 


97 

9 

50 

69 

5° 

27 

2-5 

42- 


—44—64 


-2-5 


+97 


+ 148 
-f-86 
+94| 


-53 

-37 

-52- 

-4 


-90 

-52- 

— 61 

-77 

-70 

-65 

-71 

-91 

-81 
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Table i-b — Concluded 


8 AAI 


% Change 



lOB llooo 


1510141018010700 88001500 76+148—38—71 
170c 1580 139 8550 68401370 69+153—47—71 
690c 1000 110 15005 13800 900 59 +100 —55 —7^ 


99 

47 10000 


{850 1460 175 11850 11450 1411 48 +136 —43 ■"73 
1180540019410100 74401110 69 +44 "59 "^5 


Ii<)oli86ol78oli?6oo iisso 1360I106I+170 "^7 "74 



Aicra^c 

Grand A'cragc (Tables i-a and b) 


*Wc were permitted to stud) these patients through the courtes) of Dr Henr) R 
Massachusetts General Hospital, Boston, Massachusetts 
**Robtrt Brcch Bngham Hospital, Boston Massachusetts 


range of disorders represented m table i-b is extensive, but in no patient 
anv reason to suppose that adrenal function was impaired It may be note t 
response to ACTH docs not appear to depend upon the presence of the th>inus 

spleen (Patient No 7 and No 14, table i-b) neutrophil 

The results are displayed graphically in figure i There was a me 
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MKrcnsc .,r .o^ per icn. (rupee per cent), a rman lymphocyte decrease 

of 39 )vr cent (nnqc -4 to -61 jxrr cent) and a mean cosinophiJ decrease of 73 per 
cent (rani-c -49 10 -99 jxrr cent) The nia\iniuin change in the hematocrit read- 
ings (lo puients) was a i per cent fall These findings leave no doubt that ACTH 
exerts a signihcant effect upon the quantity of each of these three types of circuJat- 

mg leukocjtes The greater consistencj of the eosinophil response is evident in 
hgure 1 


neutrophils lymphocytes eosinophils 



Fio I 

Figs i, z and 3 Each circle represents the change, four hours after injecuon, in a single subject in the 
count of each cell type shots n, expressed as per cent of the initial count Heavy broken horizontal bars 
indicate the average of each group of dc terminations 

The changes in the leukocyte counts following hormone administration have 
been uniformly expressed as a percentage of the imtial count This method of ex- 
pression IS particularly desirable in the case of the eosinophils, where the initial 
counts in otherwise essentially normal individuals may vary widely, and since it 
can be shown that the cell decrease induced in different individuals by the same dose 
of ACTH IS, in general, proportional to the magnitude of the initial count This 
generalization is born out by table i and figure i, in which it may be seen that all 
essentially normal subjects exhibit a remarkably consistent eosinophil response to 
the administration of Z5 mg of ACTH, provided the fall is expressed as a per- 
centage of the initial count It seems likely that the same generalization applies to 
alterations in the neutrophil and lymphocyte responses, although here there is 
much more individual variation, and in any case the greater uniformity of the 
initial counts make the matter of small importance 

From animal experiments it is established that the ACTH employed has a di- 
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NEUTROPHILS 


LYMPHOCYTES 


EOSINOPHILS 





^ r, mi us, ]. II lORSffAM AND C A HNCII 761 

rccr icnon in rhc ihscncc of the pituit try It is, however, conccivabJc that some of 
the results ohn.necl m the stiul) might in part at least be due to pituitary stimuJa- 

TNnn 1 - / fju! I pv„ LcAo uu of of ACTII n, A.UUsou s Disease 


I'llirnl \rr Sr, I'UIIII 

\n 


s \ \l 

win \rii( I Mil I fis 


12 Noon 


I •' 

94 

>«7 


610015^0 3115 a 57 

1^0 

I 

59001^80 | 3 ito 


M5C 


> r H M , 

5 ^H-t * 

^ ^ N'l fA^i 6^50 

3 Mu, 5,^, N 5 , \() ( ,8300 

4 n G , 3f, M , No 
5^*508 

5 r G . 51, M , No 
f -Vi-,} 

f J c , 51. M , No 
PiiSj 

l - 

7 E C,i3, M,No R5S07 103005150 U7,to 

S D S , 55, M , No 

I 44S0 1750 I363 

9 F McC , 43, M , No 

5A4S7 I 61003110 2.135 

20 J P , 18, M , No P910 65001800 3180 

^ J > 57 > M , No 5A457 9450 |i94 jio6oo 

12. M E T , 11, F , No 

5^562. I 65001650 3190 (169 j 8ioo 

13 M N,46, F, No 

5-^287 4600 1655 1150 575 5000 

14 R G , 33, F , No 3A755 3500 1015 1345 83 4000 

15 H F , 41, F , No 

P1819 81503550 3710 [841 j 8100 

16 H P , 33, F , No 

5A840 61001680 1930 141 j 7650 

17 T H , 11, F , No 6A119 114 

18 H R,35, F,^No 5A114 136 

19 A C , 41, F , No 

6A301 I I I |lIO 

10 M K , 54, F , No 

1A568 165 

11 M F , 49, F , No K6076 306 

11 M B , II, M, No 5A539 67001610 4490 363 I 9000 

13 N M , 51, M , No 

D1617 76003710 3571 8100 

14 C S , 44, F , No 5A538 98004800 4508 11900 

15 E H , 44, F , No 5A106 66003630 3100 7450 

16 H M , 51, M , No 

6A516 |ii7 


I Change 


1 C Jscul 

1 I \m 

Los 

A^cut 

Lym 

j Eos 

1 


1 I 



-35 

° I 


94 



0 

0 1 


147 



+ 16 

0 

CO 

8 

3710 

27s 

+ 108 

+ 16 




168 



1+10 

3 3180 

3160 

98 

1 +30 

— 2. 

-23 

> 5x00 

3430 

144 

0 

-18 

+ 3 

4510 

1780 

395 

0 

1 0 

+9 

> 4650 

2-473 

150 

+ 50 

+11 

-7 

- 5335 

1410 

169 

+91 

- 2-4 

-8 



236 


- 

-10 

4312 : 

5150 : 

169 

+ 60 

-I 

0 

1800 3 

L400 ; 

• 73 

+9 

+7 

0 

0 

CO 

-160 

80 

+72 

-8 

-4 

4430 2 

•790 7 

70 

+13 - 

-15 - 

-9 

3600 3 

810 1 

64 +34 d 

-32 +9 


I 

2.2. 


+7 


5100 

Uioo 

72-59 

I 3870 


3530 

13936 

I3689 

I 3100 


I16 

[179 

I144 j 

| 3°9 

I 300 


-f-llO —II 


73 


Average 


+ 10 

+51 

+7 


' + 11 
-18 
+3 


-25 

-25 

-8 

o 

-17 


+ 57 


-3 


-38 


-5 


tion by some component of the injected preparation Since the chief contaminant of 
the material was posterior pituitary extract, pituitrin in amounts ten times that 
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present in the usual dose of ACTH was given This produced symptoms of greate 
severity than observed with the ACTH preparation, but failed to depress the eo 
sinophil to 50 per cent in three patients who had shown a normal response t( 
ACTH 


Patient, 

Age Sex, PBBH 
Hosp No 


Table 3 — Effccf of Steroids upon the Leukocytes 


Diagnosis 


Sam 

12 Noon j 

j % Change 

WBC 1 Nt 

1 1 

Lym 

Eos 

TOC 

Nt 

jlym 

Eos 

Neut 

Lym 

1 Ens. 


F* xo mg 


J P , 8, M , No P910 

Addison s 

5605 

1510 

1 

3190 

i3i 

8 

CO 

7148 

12.90 

63 

0 

+ 

— 60 

-75 


Disease 

1 











V A, 37, F, No 

Addison s 

7700 

1910 

x6io 

^80 

IOIOO| 

5300 

1970 

1810 

+176 

- 2-5 


5A495 

Disease 



i 









H P,33, F,No 

Addison s 

5750 

!zo 70 ^ 

3450 

157 

lOOOO 

8x70 


55 

+300 

-35 

-65 

5A840 

Disease 












E C , 13, M , No 

Addison s 

11400 

5700 

6x00 

570 

1x550 

1 

10400 

1883 

75 

+83 

-70 

1-88 

R5807 

Disease 







1 




-65 

M N , 46, F , No 

Addison s 

7500 

'3648 

34x0 

380 

14900 

II77I 

3980 

134 

+X 1 X 

'-XI 

3A187 

Disease 













Average 

+X30 

-41 

-63 


DSCGf 30 mg 


J G , 37, F, No 

1 

Addison s 

6410 

X650 

X180' 

1711 

6180 

x66o 

[2310 

150 

0 

+6 

-n 

6A630 

Disease 



j 

i 








4-8 

C S , 44, F , No 

Addison s 

7400 

X910 

X180 

X08 

7540 

3710 

1740 

1x5 

4- XX 

— xz 

5A53S 

Disease 






1 


1 



-II 

I K , 55, M , No 

Paralysis 




111 




198 



B3X06 

agitans 











+15 

P 0 D , 37, M , No 

Chronic 




106 




12.1 



6AX85 

nephnus i 











— 18 

A C , 33, M , No 

Psychoneu- 




178 




2.7. 



6A397 

rosis 1 








81 



+3 

D P , 36, F , No 

Syphilis 




79 






6A634 

M C , 37, F , No 

Cohns 




191 




172- 



— lO 

6A605 

1 










— - 



-35 


Average 


M 




* Crystalline 17-hydroxycorucosterone, kindly supplied by Dr 
Company Dissolved in -warm absolute alcohol, mixed with 1% procaine andinjcctc 
f Desoxycorticosterone glucoside (water soluble) kindly supplied by Dr rns 
Ciba Pharmaceutical Products, Inc , Summit, New Jersey 


B Effect m Addtson s Disease , 

( aCTH 'Yas 

The leukocyte response four hours after injection of 15 mg o -^j^rizcd 1 
studied in 16 patients with Addison’s disease, and the findings 
fiffure X and table x There was a mean neutrophil increase ot 4 pc 
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10 4 -iio ]\:r cent), a mean h mphoc\ tc decrease of 2. cent (range +31 to ~z 8 
per cent) md a mean eosinopliil decrease of 4 ]5er cent (range +10 to -38 per cent) 
Tile failure of the blood elements to respond in the usual fashion in this condition 
IS thus \cr\ conspieuous, and the conclusion is inescapable that ACTH exerts its 
action on the leukoci tes Jargeli h) virtue of its power to stimulate the secretion of 
the adrenal eortex It is true that injection of ACTH in patients with Addison's 
disease, although without significant effect upon lymphocytes or eosinophils, 
docs result in an cicxation of the neutrophil count It is apparent that the injec- 
tion of this prepiration promotes leukocytosis through some action other than 



Fig 4 Effect upon the leukocytes of ACTH, 10 mg intramuscularly every six hours for four days, in 
a normal human volunteer 

Stimulation of the adrenal in these patients It will also be noted, however, that in 
the presence of a competent adrenal the neutrophil response is of considerably 
greater magmtude 

It IS evident that the distinction between patients with Addison’s disease and 
other subjects is most clear-cut with respect to eosinophils, no patient with 
Addison’s disease showing an eosinophil decrease approaching in magnitude the 
smallest decrease we have observed in other subjects This difference between the 
eosinophil response of the normal and the hypoadrenal subject has been utilized 
in a diagnostic test for Addison’s disease ® 
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II EFFECT OF A SINGLE INJECTION OF ADRENAL STEROID HORMONES IN 

Addison’s disease 

If the failure of these patients to respond to cortical stimulation is due to lad 
of elaboration of cortical hormones, it should be possible to produce the changes 
by administration of the proper steroid Water-soluble desoxycorticosterone was 
found to be without effect upon the leukocytes in a dosage as high as 30 mg in 
tramuscularly However, Kendall’s Compound F, (^17-hydroxycorticosterone), 


J W f IS 



n adolescent girl suffering with asthenia 


administered to five hypoadrenal patients in a dose of 2.0 mg intramuscularly, 
duced the entire pattern of leukocyte changes seen in normal subjects after a 
tration of ACTH ^fig 3 and table 3) This finding is in accord with the 
of others- in animals that only steroids oxygenated at C-ii appear to be e 
in this respect 


III^^^pg^EFFECT OF PROLONGED ADRENAL STIMULATION BY ACTH ^ 

The effect upon the leukocytes of more prolonged adrenal 
peated injections of ACTH (10 mg at six hour intervals), over ^ jj g con- 

days has also been investigated in 2. subjects with normal adrenal l,oth 

stant dietary regimen The neutrophilia and the reduction of eosinop 
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Striking and well susr lined throughout the period of hormone administration, 
the ]\ mplioci res, ]iowtvcr, arc not conspicuously depressed after the first day, and 
in one instince returned within tw'cntv-four hours to their initial level and 'then 
inereased hc\ ond it After wuthdr.nval of hormone, eosinophils increase above pre- 
in)ection levels, and l\mphoc^ tes also reach their highest levels at this time (figs 
4 5) 

In a single subject w'lrh Addison’s disease, injection of ACTH, 10 mg intramus- 
cularh at si\ hour intervals for four days, resulted m no significant change in 
hematocrit or absolute neutrojihil or lymphocyte count The eosinophils exhibited 
a gradual decrease, reaching a maximum of Z5 per cent on the fourth day, and re- 
turning promptly to the prc-injcction level In view of the fact that the eosinophil 
decrease is the most sensitive hematologic index of adrenal secretion, it may be 
conceived that this small and gradual decrease represented a slight residual capac- 
it\ of the adrenal to respond to sustained stimulation This supposition is in ac- 
cord wuth the observation chat patients with Addison’s disease in crisis'® may show 
an identical response 

No striking alterations in the morphology of the leukocytes were observed in 
the stained blood films of the treated individuals 

Discussion 

Direct evidence has recently been accumulated which indicates that the adrenal 
cortex influences circulating leukocytes, particularly the lymphocytes Dougherty 
and White have reported that adrenal stimulation by adrenocorticotrophic hor- 
mone (ACTH) in mice or rats causes a decrease in circulating lymphocytes,^ tissue 
lympholysis' ® ® and an increase in circulating neutrophils,* and these findings 
have been confirmed ® The changes in circulating leukocytes were also produced by 
Kendall’s Compound E (17-hydroxydehydrocorticosterone) * 

Recently, Nordenson'® reported that the administration of ACTH in a single 
dose of 150 mg to z normal human beings, and a single injection of 150 mg or 
multiple injections totalling ziz 5 mg to z patients with lymphatic leukemia, was 
without significant effect upon circulating blood cells We are not aware of the 
appearance of any other publication dealing with the effect of ACTH upon the 
human leukocyte picture, but Dougherty and White" state that the lymphopenic 
action in the human of ACTH and of certain adrenal cortical preparations has been 
demonstrated by Darrow and by Heilman 

Physiologic mechanisms brought into play by all types of stress appear to in- 
clude adrenal cortical stimulation, resulting in excessive secretion of steroids as 
reflected in increased urinary elimination of 17-kctostcroids and ii-oxysteroids, 
and by blood changes resembling those obtained by administration of ACTH 
Selye'^ has collected an impressive body of evidence pointing to the adrenal cortex 
as the agency through which many of the known nonspecific reactions to stress are 

mediated 

That leukocytosis accompanies the widest varietj-- of insults to the organism is a 
clinical commonplace, it has also been long recognized that in many such condi- 
tions there is a reciprocal relationship between lymphocytes and neutrophils This 
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nonspecific reaction pattern of the leukocytes is impaired in patients with Addi- 
son’s disease^® and in adrenalectomized animals, but in both instances can be pro- 
duced by the administration of ii-17-oxystcroids It appears, therefore, to be med- 
iated, to some extent at least, by the adrenal cortex 

As far as we are aware, direct evidence has not previously been put forward that 
the eosinophils are likewise subject to adrenal control Nevertheless, a wealth of 
reports in the literature attests the great variety of clinical emergencies in which 
a striking diminution of the eosinophils is found As early as 1893, Zappert'® re- 
ported decrease of these cells as a regular manifestation of a wide variety of in- 
fections, and Staubli,^®in 1910, stressed the reciprocal relation between eosinophils 
and neutrophils, not only in acute infections but also following injections of 
nuclein, turpentine, and foreign protein Starvation,'® exposure to cold,®' op- 
erative procedures,®® peritonitis,®^ and injections of B Coll,®' sodium bicarbonate,®' 
or ammonium chloride®® have all been shown to cause marked reduction of eosi- 


nophils in animals, as have such diverse clinical emergencies in man as intravas- 
cular hemolysis,®® hemorrhage, hypertensive crises, acute congestive failure, 
ureteral colic and various poisons ®® Selye" has included changes in circulating eosi- 
nophils among the manifestations of the “general adaptation syndrome” Evidence 
presented in this report indicates that the adrenal cortex is important in the pro- 
duction of these changes in man 

The pituitary adrenal mechanism is only one of a number of factors controlling 
leukocyte levels Neutrophilias often seen in certain bacterial infections arc 01 
greater magnitude than has been produced by direct stimulation of the adrenal by 
ACTH and must in all probability require one or more specific neutrophil-promot 
ing factors in addition to the adrenal response to nonspecific stress Simil^tly, 
striking eosinophilias and lymphocytoses cannot be explained as the result or 
minished adrenal secretion since the absence of adrenal function in Addison s 
sease is not as a rule accompanied by alteration in the blood picture of a magoitu^ 
comparable, for example, to the lymphocytosis of pertussis or the eosinophtli® 
certain parasite infestations 

The observations reported in this commumcation concern only the pitui 
adrenal mechamsm which accounts for a part of the leukocytic changes 
with nonspecific stress Direct information regarding the effect of adrenal sti 
non upon the leukocytes in man should, we believe, be of assistance m 
the blood changes of certain endoenne disorders®® and of all clinical con 1 
which bring nonspecific defensive mcchamsms into action 


Summary and Conclusions 

1 Pituitary adrenocorticotrophic hormone (ACTH), when 
single intramuscular dose of X5 mg to human subjects with unimpair 
function, results in a characteristic alteration of the leukocytic pattern ^ 
sists of an increase of circulating neutrophils and a decrease of circu ating 

cytes and eosinophils contingent «P°'’ 

2. The decrease in circulating lymphocytes and eosinophils is occur i” 

the stimulation of a functionally 'competent adrenal cortex, an ocs 
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Its absence The neutropJiiJic response is present but somewhat diminished in 
adrenal insuflicicnc) 

3 The entire pattern of leukocytic alterations found in normal subjects after ad- 
ministration of ACTH can be induced in patients with Addison’s disease by 17- 
hyJroMcoracosccronc (zo mg) hue not wicb desoxycorticosterone giucoside C30 
ing) 

4 Prolonged adrenal stimulation b> ACTH, given over a four day period in a 
dose of 10 mg ever) si\ hours, results in a sustained and striking elevation of 
neutrophils and depression of eosinophils, the lymphocytes, after an initial de- 
pression lasting not more than twenty-four hours, may increase above their ini- 
tial levels in spite of the continued increased secretion of adrenal hormones 

5 The relation of the adrenal cortex to the characteristic nonspecific leukocyte 
pattern, observed as a response of the organism to any type of insult, is discussed 
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THE BLOOD PICTURE IN ADDISON’S DISEASE 

By JosL BAnz-\'’iLLASLNOR, M D , CiiARLrs E Rath, M D , Ajntd 
Clemtnt a Finch, M D 

R ecent obscn^tions indicate cliat the adrenal cortex has a controlling in- 
fluence on certain elements of the peripheral blood The present study re- 
views the blood picture in loo cases of Addison’s disease to determine the effect of 
1 deficiency of adrenal cortical hormone upon the blood picture 

Material 

HcniatoJogic dan \\crc obtained from the hospital records of loo pauents in whom the diagnosis of 
adrenal insuflicienci seemed definitel) established In the zx patients e\amincd at autopsy there was cither 
atrophi or tuberculous iniohement of the adrenals Among the remaining 78 there was increased pig- 
mentation in all butz Estimation of the urinary hctostcroids as ere performed in one-half of these pauents 
and found to be reduced in all cases In the 63 patients to whom specific therapy was given, the response 
to treatment was clear cut Arterial h)potcnsion, heart size, and calcified adrenals by x-ray supplied 
confirmatori eaidencc 

Organization of Data 

Pauents were divided into three groups 

Graiifi / Group II 

z8 patients 63 pauents 

Average age 43 years 415 years 

No spcafic therapy Under replacement therapy, cither dc 

soxycorucosteronc or adrenal cor- 
ucal extract 

Age distribuuon for the 100 pauents showed 4 in the second decade, 16 in the third, zz in the sixth 
and 9 in the seventh Tuberculosis was considered the causative agent in 4Z per cent, whereas 58 per cent 
were thought to be nonuibcrculous In Group I (without treatment) there were 16 tuberculous versus 
iz nontubcrculous patients, in Group IT there was a predominance of 41 nontubcrculous to zz tuberculous 
patients The average duration of symptoms of patients in Group I before admission was eight months, 
subsequent life span was short and frequently complicated by infection Group II consisted of patients 
under ueatment who had had symptoms over an average of 4 9 years 

Leukcocyte Changes in Addison’s Disease 
Lymphocytosis and neutropema as well as a general increase in lymphoid tissue 
have been repeatedly observed in Addison’s disease ^ The recent work of Dougherty 
and White^ and others has demonstrated that adrenal steroids control to a consid- 
erable extent the circulating lymphocyte level and mass of lymphoid tissue 
Reifenstein and Albright^ have compared the difference in basal blood picture in 
Addison’s disease and Cushing’s syndrome and attributed this to the level of adrenal 
function In view of these observations and the information obtained by direct 
stimulation of the adrenal cortex in man, it was of interest to examine more 
thoroughly the blood of patients with h}’poadrenalism to determine what abnor- 
malities might be present not only under basal conditions but under stress condi- 
tions as well 

From the Medical Clinic, Peter Bent Brigham Hospital, Boston, Mass 
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Group III 

9 patients 
43 years 

Studied before and immedi- 
ately after treatment 
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The most marked alteration in the leucocyte picture was found in those patients 
under maintenance treatment (Group II), probably attributable to the longer dur- 
ation of hypoadrenalism Leukopenia (white cell count below 5,000/cu mm ) was 
observed in li per cent of the patients in this group Lymphocytosis and ncutro- 
pcma was observed in about one-half of the patients (table i) 

There was no significant difference in the level of circulating eosinophiles by 
direct count in twenty Addisonian patients from a control group * There was, how- 
ever, an eosinophilia (eosinophiles over 5 per cent) in 14 per cent of the patients 
in Groups I and II by smear Although 10 patients had allergic histones, only 1 
of these had associated eosinophilia Allergy usually antedated the Addison's 
disease and with the exception of one patient with urticaria, all patients showing 
sensitivity phenomena had adrenal insufficiency of the nontuberculous origin 
It has been shown that adrenal stimulation by pituitary adrenocorticotrophic 
hormone or a variety of stress conditions produces neutrophilia, lymphopema and 
a decrease in eosinophiles in the patient with normal adrenal function Adreno- 
corticotrophic hormone does not produce these changes in the Addisonian The 
same should be true of stress reactions, either infection or crisis, assuming the 
hematologic change of stress to be mediated through the adrenal cortex The blood 


Table i — Kdatm Lymphocytosis 



% over 35 % 

% over 40% of 
total WBC 

Group I (x8 patients) 

35 

16 

Group II (63 patients) 

68 

48 


picture in tuberculous versus nontuberculous Addisonians was identical except or 
a slight neutrophilia in the former (table x) The changes in crisis and infcctiofl 
are likewise insigmficant except for some decrease in eosinophiles (tables 3 an 4/ 
The absolute lymphocyte count remains remarkably constant and leukocytosis 
suppressed It is evident that the usual leucocyte response to stress is lost in hypo* 
adrenalism 

As an explanation for the drop in eosinophiles, it would seem likely that t ^ 
stress reaction produces a stronger stimulus for oxysteroid excretion by the a ^ 
than did the single injection of adrenocorticotrophic hormone Repeated 
ACTH have produced in Addison's disease a depression of eosinophiles when 
doses have failed The eosinophile is by far the most sensitive of the 
ments in its response,'* and since no change occurred in the other elements w 
suppose that adrenal excretion was very slight The adrenocortical extract 
in treatment of the crisis, in some instances, may have contributed to the 

There was no recognizable effect of the maintenance treatment 
white cell picture Patients in Group II were carried for the most part on 

* These data may be found in tables 1 and 1 , Changes in Circulating Leukocytes fnd ^ ^ 


* These data may be lound in tables 1 and 1, unanges in t^ircuiaung y nd Finch, 

Adrenocorticotrophic Hormone (ACTH) in Man, b> Hills, A G , Forsham, 

See Blood, this issue, pp 756, 761 
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corticosterone by injection or by pellet implantation As previously described, the 
changes in the blood picture in this group were actually more pronounced than in 
patients before the advent of specific therapy Daily maintenance dose of adrenal 
extract (5 cc Eschatin) and small amounts of Lipo- Adrenal Cortex* did not change 


Table z 



j V BC 

P 

L 

M 

E 

B 

Absolute 

lymph 

count 

Group 1 








Tuberculous 

S640 

60 4 

Z9 4 

7 7 

z 15 

0 Z5 

Z540 

Nontubcrculous 

7700 

54 9 

32 - 7 

7 8 

3 9 

0 5 

Z5Z0 

Group II 








Tuberculous 

66zo 

55- 5 

38 5 

5 5 

3 3 

0 4 

Z530 

Nontubcrculous 

j 63S0 

51 3 

41 6 

3 9 

2 - 9 

0 3 

1630 

Table 3 — Effect of Injection on the Blood Pteture in Addison 

s Disease 



i WBC 



- 



Absolute 



P 


M 

E 

B 1 

1 lymph 


1 1 
1 


Hi 




count 

Group I 


1 






Infection — 9 patients 








Temp ioo°oro\er 

7455 

58 

34 

7 

I 


’■535 

No infection — 19 patients 

9066 

60 

z6 

9 

4 

I 

2-357 

Groups 11 and III 








Infection — 6 patients 








Temp 100° or over 

6191 

52- 

39 

7 

I 

I 

7414 

No infection — 66 patients 

6x90 

51 

39 

5 

4 

I 

M53 


Table 4 — Blood Pteture m Patuiits with Crists 
Average of Ten Cases 



WBC 

P 

L 

M 

1 

E 

B 

Absolute 

Ijmph 

count 

Baschne 

6140 

45 

43 

6 

5 

I 

Z640 

Uncontrolled cnsis 

' 7835 

56 

35 

6 

z 9 

0 I 

Z 74 Q 

Crisis during treatment 

7140 

! 

30 

4 6 

3 2 - 

0 i 

2.140 

After crisis, still on treatment 

6x40 

47 

43 

3 4 

6 0 

0 6 

z 68 o 


the blood picture It has been found** that single doses up to 30 mg of desoxycorci- 
costerone have no effect on the blood picture while 2.0 mg of Compound F (Ken- 
dall) results in definite cosinophile and lymphocyte alterations four hours after 
administration It seems evident that only appreciable amounts of corticosteroids 
with the oxygen on Qi and Qr have the capacity to produce hematologic changes 


* Whole adrenal cortical extract in oil (Upjohn Company) 
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Anemia of Addison's Disease 

It IS frequently difficult to estimate the degree of anemia in Addison’s disease 
because of the variations in plasma volume characteristic of this disease However, 
in a group of stabilized patients there was an average hemoglobin of 13 35 grams 
per cent In several patients with hemoglobins of ii to 13 grams, liver and iron 
therapy did not affect the degree of anemia On the other hand, an abrupt change in 
blood volume, as followed treatment in Group HI, results in a temporary hemoglo- 
bin depression followed by reticulocytosis and return of the hemoglobin to almost 
precisely the same level as was present before treatment It would thus appear that 
with the general metabolic disturbance of Addison’s disease, the circulating hemo- 
globin IS set at a lower level 


Table 5 



Hcb gm/lOO cc 

Avg 

Range 

Group 1 

Men i 

Women 

Group 11 

Men 

Women 

14 L 

IL 6 

13 4 

13 3 

13 L 

13 3 

5 4 to 18 

5 I to 17 

Table 6 




Hgb/gm 

Hct 

Rbc 

Group III 

Before treatment 

^3 7 

41 6 

5 I 

After treatment 

10 7 

3^ 5 

Averages, % decrease 

1 2.1 5% 

LL% 

15% ^ 


The anemia found in Addison’s disease is normocytic and 
40 patients of Group H, the average mean corpuscular volume was 91 cu 1 
mean corpuscular hemoglobin 31 micra micrograms, and mean corpus 
globin concentration was 348 per cent In a small series in which care^^^ 
measurements were made, the same normal cell indices were found p 

difference in the degree of anemia between tuberculous and nontu ^g},t 
ticnts In Group I, there was a sex difference not seen in Group 
suggest that in the first group, due to the short duraaon of the ness 
existing sex difference was maintained, and that in Group II this 1 cren 

appeared , (Jjscasc 

The values for formed elements of the blood in untreated A of th£ 

deceptive because of the markedly contracted blood volume G® j j^yj-Js ofhen^^ 
patients, )ust as do experimental animals in crisis, showed elevate ^ 
globin ® The actual change in blood volume following treatment m 
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from the hematocrit, for during this short time the red cell mass may be regarded 
as relatively fixed, and fall in hematocrit will be proportional to the increase in 
plasma volume This change averaged over xo per cent in the 9 patients of Group 
III, and, as was to be expected, was somewhat greater than that occurring in nor- 
mal subjects on the same dosage ® 

The anemia may be estimated to be about xo per cent more severe in the un- 
treated group than in treated patients on the basis of our findings in GroupUI fThis 
IS consistent with the concept that here the bone marrow responds to the relative 
concentration of hemoglobin in the blood rather than the total cell mass 
There was no evidence of increased blood destruction Total bilirubin determina- 
tions ranged betiveen iS and 59 mg per 100 cc in 16 patients with an average of 
33 per cent In 4 patients, radioactive iron was injected intravenously and the 
rate measured at which the tagged iron was incorporated into new red cells The 
iron utilization for hemoglobin production was only slightly less than normal over 
a period of uvo to three weeks Serum iron was also within normal limits 

Summary 

The blood picture of 100 patients with Addison’s disease was analyzed Under 
basal conditions, there was a tendency toward lymphocytosis and neutropema 
Under stress, the blood picture remained fixed The impaired ability of those pa- 
tients to show leucocytosis and lymphopenia is attributable to their impaired 
adrenal function While large doses of dcsoxycorticosterone and maintenance doses 
of adrenal extract had no effect on the blood picture, 17-oxysteroids produce both 
neutrophiha and lymphopenia The anemia present in Addison’s disease is normo- 
cytic and normochromic 
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CARBAMATES IN THE CHEMOTHERAPY OF LEUKEMIA 
I A Procedure for Screening Compounds for Leukotoxic Action 


By Howard E Skipper, Ph D , William H Riser, Jr , M D , Anne 
Stelzenmuller, a B , and Helen Holt, A B 

A LTHOUGH it is fully appreciated that agents possessing a strong leukotoxic 
jL jl action may not in themselves provide an answer to the treatment of leu- 
kemia, one cannot fail to be impressed by the uniformity of occurrence of this phe- 
nomenon in clinical methods of treatment which have shown some degree of useful- 
ness against this neoplastic disease, i e , x-ray, radium, other radioactive elements, 
benzene, potassium arsenite, nitrogen mustards, and urethan In view of this 
interesting occurrence, it appeared that information concerning molecules (pat' 
ticularly urethans) which possess cytotoxic specificity, especially upon the hema- 
topoietic system, might in turn aid in the selection of compounds for further stutip 
The present paper presents a simple and rapid technic for rough qualitative deter- 
mination of the leukopenic ayion of a given agent, using the mouse as the expen- 
mental animal Results of hematologic studies with urethan, nitrogen mustard 
(HNz)*, x-ray, potassium arsenite, and benzene arc reported herein Clinical studies 
using urethan in the treatment of human leukemia as well as the results of leu 
kopemc assays with some twenty -five structural variations of the urethan molecule 
arc being reported elsewhere 

The advantages accompanying the use of a small laboratory animal, such as t 
mouse, for screemng work are obvious, however, lack of well established norma^^ 
a small blood volume, possible strain differences, and a considerable variation m 
circulating leukocyte count depending on the source of blood (ventricle or penp 
eral), have bfccn deterrents in the use of mice for hematologic research Attemp^^ 
have been made in our studies to overcome these difficulties by standardization 
the controllable variables 


Procedure 

Carworth Farms CFW strain mice, of approximately the same age and 
with equal distribution of sexes, have been used in this study These anima 
kept in an air-conditioned animal room and fed a standard diet of Purina og 
The first phase of the hematologic screening technic entailed determination 
acute LD50 of the agent to mice by parenteral administration, using 
10 per cent gum acacia, propylene glycol, or peanut oil as the carrier ploi 

ten-day observation period was selected and three points on a log-pro a 


were considered sufficient for the LD50 approximation 


d auil 


In the second phase of the study, mice of a given shipment lot were gr 

. , t ^i TTnr(=; from cacii & 


injected at the LD50 level and at one-half the LD50 level Five mice 

From the Southern Research Institute, and the Medical College of Alabama, 

* HNi IS a designation for the nitrogen mustard, methyl bis (z-cbloroet ) ) ^ 
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were sacrificed for hematologic study at two and four or four and seven days after 
injection according to the foJJowing plan 


Dotage 

1 I 

1 No of Animals Injected* 

Schedule for Hematologic Examinationf 

• 

4th day 

I 7th day 

LD 50 

^4 1 

5 

t 5 

\-/1l 

0 

1 

it 

5 

5 

1 


* Numbers m excess of requirements for blood studies were injected to make allowances for 
deaths 

t Total erj throe) tc count, total leukocyte count, differential leukocyte count, and hemoglobin 
fHb) determination were made in all cases Control studies were made on each lot of mice used 

Blood for all counts was obtained by anesthetizing the animal with ether and 
immediately drawing a fairly large sample (o 3 ml ) directly from the heart in the 
region of the right ventricle This operation required slightly over one minute 
Early in our studies it was learned that etherizing caused a rapid and reproducible 
increase in the absolute circulating white count of mice ® No significant shift in the 
differential ratio, erythrocyte count, or hemoglobin level was noted In view of the 
rapidity of this increase and the lack of any observable shift in the leukocytic for- 
mula, It was assumed that the mechanism of this increase was the release of already 
formed elements from sites of sequestration Statistical studies on 12.5 counts of 
etherized mice (^otherwise untreated) showed a degree of consistency compatible 
with use of this * 'elevated normal mean as a base line for leukopenic assays All 
results reported herein are on etherized animals 

Blood samples were taken at approximately the same time each day All micc^ 
were sacrificed after exsanguination Smears and dilutions were made rapidly to 
prevent clotting 

Summaries of the blood studies of each group of five mice arc reported as a mean 
Standard deviations (o-) from the mean have been calculated and are recorded in the 
case of total leukocyte counts to indicate the degree of internal consistency attained 

in the various groups 


Results 

Results of blood studies on ten groups of otherwise untreated etherized CFW mice 
coDtainung five animals each, which provide the base line in this report arc sum- 
marmed m table i Included m this table ts a simple statist, cal aDaI)-s,s of the data 

In order to test the reliability of the screening procedure, groups of mice uerc 
given single doses at the LD50 and one-half the LD50 level of methan, nitrogen 
Lstard (W). x-rap, potasstum arsemte, and benzene The 

these compounds and of x-rays ,s well known however, .t was questionable as to 

whether smgle doses would produce a signifi^nt r^ponse in 

chosen observation periods Toxic, tj' data used in this experiment arc listed 

table z 







Table i — Hematologic Studies on Fifty Normal Etherized CFW M/cf 


Statistics on Individual Animals 


Statistics on Ten Groups of Five Animals 
Each From Various Shipment Lots 


AD SD 


Total leukocyte 
count 
Males 
Females 
Males + 
Females 


DifFerenual 
count 
Agranulo- 
c> tes 
Lympho- 
cytes 
Mono- 
cytes 
Granulo- 
cytes 
Neutro- 
pbiles 
Eosino- 
philcs 
Basophilcs 


Hemoglobin* 
Males 
Females 
Males -f- 
Females 
Total erythro- 
cyte count 
(in thou- 
sands per cu 
mm ) 

Males 
Females 
Males -j- 
Females 


7,750 4,000-11,000 i,x6li,73o 7,750 

8,150 3,800-13,375 1,907 2., 510 8,150 

7,950 3,800-13,375 1,5781,166 7,950 


85 8% 
81 5% 


X 3 6% 

o 5% 

o 06% 


5^-97% 

5^-94% 


3-48% 

3-47% 




85 8% 


— 81 5% 

— 4 3 % 

83 14 2.% 

— 13 6% 

— o 5% 

— o 06% 



0 - 1 % 
0-0 1% 


IX 5 Gm 7 5t-i4oGm 08 13 ix 5 Gm 114-132-610 05 

IX 5 Gm iio-i4oGm 06 07 ix 5 Gm ixx-i3oGin 03 

IX 5 Gm 7 5t“i4 oGm 07 i i ix 5 Gm ii 4-13 xGm o 4 j 


7.X-84 4,450-8,110 585 795 7,184 6,398-7)®94 , j, 

7,565 6,000-8,3x0 563 587 7,565 6,966-7,990 37 

47J 

7,4x4 4,450-8,3x0 574 713 7,414 6,398-71996 - 


Notes AD— Average deviauon, S D = Standard deviation 
* The Haden-Hauser method was employed for hemoglobin determinations 
t Excluding this one low reading, the range was 10 5-14 o Gm 

Table 1 — Toxicity Data on Known Leukopenic Agents and X-ray 


Vehicle 


Route of Admimstra- 
tion 


Referent' 


Urethan Sahne 

Nitrogen mustard CHCx) Sahne 
X-raj 


/Kg Thi$l*bof«'°^ 


Potassium arsenitc 
Benzene 


Sahne 
Peanut oil 


Intrapentoneal 1800 mg /Ag 

Intrapcntoncal 3 ^ « 

goo roent- 

This labor*'" ^ 

Tnfran^nrnneal l 8 nig / b _ t-k/iraCO'’* 


Intrapentoneal | 18 nig / 6 
Intrapentoneal [115° mg /Kg 


This Jabor*'^ 
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Table 3 -Hnnatolog.c St, ulus o„ Nonnd* M,cc (CFW Stra,,,-) S„bjcatd to V„r,ous Tnatmms 


Thera pt 

No of 
Animal; 

s I 3 osc 

Period 

After 

Injec 

tion 

Days 

1 

Mean 

WBC 

WBC 

^Mean RBC 

Mean 
: Hb 

Gm 

DifFerenfjal 

1 

Actbi 

UlO 

cytesf 

3 Granu- 
locytes 
% % 

Control 

50 

— 

— 

7.950 


7.414.00 

0 Ji 3 

86 

14 

Urethin 

5 

LD50 

4 

3,080 

1,119 

6, 406, oo( 

0116 

88 

IZ 


5 

LD50 

7 

7, 660 

4,641 

6,701, 00( 

D 11 9 

85 

15 


5 

LD50 

4 

3,LXO 

1,081 

6, 371, 00c 

3 II 5 

87 

13 


5 

LU50 

7 

4,410 

^.2-73 

3,976,00c 

3 II 7 

75 

^5 

Nitrogen mustard (HNl) 

5 

LD50 

4 

1, 860 

43 ^ 

7,708,00c 

’ 13 3 

74 

16 


5 

LD50 

2. 

7 

6, 140 

1,667 

7.474.00c 

1 II 6 

87 

13 


5 

LD50 

4 

2 .J 100 

1,144 

8,141,000 

14 I 

84 

16 


5 

LU50 

7 

i,i8o 1 

1, 116 

7 , 138 ,(X 3 o 

11 4 

94 

6 

X-Ray 

5 

LD50 

4 

I3.400 

1.343 

6, 891,000 

II 6 

97 

3 


5 

LD30 

' 7 

1, 860 

755 

6, 614,000 

1 

II z 

94 

6 


5 

LD50 

4 

1,140 

413 

6, 448, C.OO 

11 1 

95 

3 


5 

LD50 

7 

640 

187 

6 , 104 , OCX) 

II 6 

98 j 

z 

Potassium arsemte 

5 

LD50 

4 

7,660 

1,901 

6, 914, cx)o 

II 4 

87 

13 


5 

LD50 

7 ; 

7,360 I 

L. 190 

7,941,000 

iz 6 

93 

7 


5 

LD50 

m 

1 . 3^0 2 

., 080 

7,934,000 

iz 6 

96 

4 


5 

LD50 

m 

t,8io 1 

.2-51 1 

7,906,000 

D- 3 

9 ^ 

8 

Benzene 

5 

LD30 

4 ( 

5,410 1 

.164 

8,061,000 

13 ^ 

93 

5 


5 

LD30 

7 8 

3960 4 

.071 

8, 106,000 

IZ 8 

92- 

8 


5 

LD50 

4 7 

,410 I 

,961 : 

7,686,000 : 

IZ 0 

96 

4 


5 

LD50 

7 4 

,110 ji 

,348 ! 

B,oo6,ckx5 

IZ 6 

91 1 

8 


* All animals were ethenzed before c\sanguinauon, this produced an increase in the 
formed leukocytes apparently due to their release from sites of sequestration It is assumed 
that this rapid release of already formed elements is operant e in the treated as well as the control 
ammals 

fin this screening procedure, hmphoc)tes and monoct tes hate been grouped under the general 
heading “Agranuloc) tes 


Results obtained using the leukopenic therapy referred to abo^ e and the four and 
seven day schedule for hematologic assays are summarized in table 3 Graphic pres- 
entation of the leukoc)te depression obtained is presented in figures 1 and x In 
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SCREENING COMPOUNDS FOR LEUKOTOXIC ACTION 


these figures, the normal range refers to the spread observed in grouped means 
normal etherized CFW mice 



Fig I Leukocyte Depression Resulting from Treatment at the LD50 Level (Each point represents tb 
average of five mice) 



Discussion j 

The leukocyte coimts of the 50 control etherized mice reported fit 
normal frequency distribution curve An additional 75 etherized contro s 
studied and the results analyzed and found in good agreement with t e pr^^ 

In accord with general statistical practice, it is assumed that any gt^oup 
having a mean leukocyte count of plus or minus three standard deviations 
control mean has been significantly afiected by the therapy m nitrog‘^^ 

basis, there can be little doubt that the leukopenic action of urei a 
mustard, x-ray, potassium arsenite, and benzene has been demonstra 

A one-half the 

In this study, comparisons have been made at the LD50 an 
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dosage levels, hence the results may be considered to indicate a leukopenic index 
into which acute toxicity of the agent has been taken into acount 
Unless a compound shows some specificity toward malignant cell repression or 
destruction, it may be that leukopenic action should be avoided rather than sought 
for in chemotherapeutic agents for leukemia However, until considerable data is 
accumulated on the life span of leukemic animals treated with leukopenic and non- 
leukopenic compounds further belaboring this question seems futile Our labora- 
tory and others are carrjang out such leukemic assays 
The somewhat specific mitotic depression observed in urethan leukopenia is 
paralleled by the cytotoxic action of this compound on epithelial cells of the crypts 
of Lieberkuehn This latter action has been reported by Dustin^ and has been con- 
firmed in this laboratory It is of particular interest to determine whether the same 
mechanism is responsible for mitotic depression at both sites or whether certain 
compounds will demonstrate a specificity correlatable with chemical or physical 
properties of the drug Any such specificity should provide interesting data when 
tested against various strains of leukemia 
The results obtained using this assay on a selected group of urethans, along with 
comparative results obtained with reference to the mitotic poisoning observed in 
the intestinal crypts, will be reported in subsequent papers The same urethans are 
being assayed for anti-leukemic action against a transplantable myeloid and lymph- 
oid mouse leukemia 

In addition, C14 tracer studies are being carried out with carbonyl- and ethoxy- 
tagged urethan in an effort to further elucidate the mechamsm of action of this 
compound 

Summary 

A s im ple procedure for screening compounds for Icukotoxic action is described 
Results obtained on assaying known leukopenic agents such as urethan, nitrogen 
mustard, x-ray, potassium arsenite, and benzene indicate a reasonable measure of 
reliability 
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PARA-AMINOBENZOrC ACID IN LEUKEMIA* 


Bj/ C ] D Zarafonetis, M D , G A Andrews, M D , M C Meyers, 
M D , AND F H Bethell, M D 

M easures introduced for the treatment of leukemia have two points of 
interest In the first place, any treatment which may mitigate the symptoms 
and prolong the useful life of persons suffering with a fatal disease of unknown eti- 
ology possesses intrinsic merit In the second, the therapeutic trial of agents which 
have a demonstrable effect on the growth of leukemic cells is justifiable because of 
the contributions which may thereby be made to the knowledge of the pathologic 
physiology of the disease 

In 1944, Flory^ reviewed the status of those forms of therapy for leukemia which 
up to that time had been used with varying degrees of benefit Since then, Paterson 
and her associates* have presented evidence that urethane (ethyl carbamate) is 
capable of causing improvement, especially in patients with chrome myelogenous 
leukemia, and Goodman and others® have described favorable results obtained with 
“mtrogen mustard” therapy in some patients with leukemia The purpose of this 
commumcation is to present data which indicate that para-aminobenzoic acid (as 
sodium para-aminobenzoate) is capable of causmg certain defimte effects in chronic 
myelogenous leukemia Since para-aminobenzoic acid (PABA) is generally con- 
sidered to be a member of the B-complex group of vitamins'*-® and is known to be 
a normal constituent of many food substances,* it appears to us that the following 
observations of its effects in leukemia arc of sufficient significance to warrant pub- 
lication at this time 

Para-aminobenzoic acid has been successfully employed in the treatment of the 
rickettsial diseases of man It was apparent during the earlier studies of the 
clmical effects of PABA in louse-borne typhus fever that PABA inhibited the 
growth of rickettsiac indirectly, that is, by influcnang the metabolism of the 
parasitized cells in some manner ® During these studies, it occurred to one of us 
(C Z ) that cells of disordered metabolic function, that is, neoplastic cells, might 
not be able to adapt to a substrate containing PABA in high concentration lu 
view of the apparent non-toxicity of large doses of PABA in typhus patients, it was 
judged safe to test this hypothesis in patients with leukemia 
The present report deals with the results obtained in the study of 10 patients to 
whom PABA was admimstercd Five of these subjects had chronic tnyelogcoo^ 
leukemia, three had subacute myelogenous leukemia, of whom two were su 
classified as crythroleukemia, and two had chronic lymphatic leukemia 

For administration to the patients, para-aminobenzoic acid (PABA)**was p a ^ 
solution by conversion to sodium para-amino-benzoatc (NaPAB) with so m 

From the Thomas Hcmy Simpsoa Memorial Institute for Medical Research, and the Departme 
Tni-cmal Medicmc, University of Michigan, Ann Arbor, Michigan . 

* Read before the Mecung of the Central Clinical Research Club, Ann Arbor, Mic J’ 

The para-aminobcnzoic acid used in this study was kindly supplied by Merck an P 

way. New Jersey 


in 
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volume was adjusted to make a ro per cent solution of 
NaPAB which was administered orally to the patients in xo cc to 40 cc doses 
(2. o Gm to 4 o Gm ) every two hours, day and night The solution was taken most 
readily m a small amount of fruit juice or ginger-ale The schedule of therapy em- 
ployed here is similar to that used in the treatment of certain of the rickettsial 
diseases The two-hourly schedule is required to maintain a desired blood level 
since this compound is rapidly excreted in the urine Purely on an empiric basis, an 
attempt was made to keep the blood level of NaPAB between 10 and 30 milligrams 
per cent, although this level was frequently exceeded without any apparent ill 
effect In some instances the dosage schedule was modified for patients who con- 
tinued to take NaPAB at home They were allowed to double the doses and the 
intervals between them during the night in order to obtain more rest 


Tadle I 


Paltenl 

Dtasnosts 

Initial 
while count 

1 Lowest 
white count 

No da^s 
treatm nl to 
lowest count 

Total Gm 
WaPAB to 
lowest count 

I F G 

Chronic m}elogenous leukemia 

4 Z 7 ,Z 3 o 

z5,Z3o 

16 

1076 

Z K P 


2-3O) 500 

38,000 

z8 

668 

3 E N 


133,500 I 

z 4 ,ooo 1 

z8 

1160 

4 C W 


140,000 

0 

8 

11 

998 

5 R M 


94,500 

38,2.50 

15 

700 

6 L B 

Subacute crythroleukemia 

Z3,ooo 

13,000 

15 

Z 49 

7 A C 


8,000 

0 

0 

15 

580 

8 L D 

Subacute myelogenous leukemia 

41,300 

1,100 

36 

ii8z 

9 C K 

Lymphauc leukemia 

500 

101,750 

IZ 

366 

10 R W 


440,000 I 

35 z, 5 oo I 

18 

318 


Case Reports (Table i) 

Case I F G , a 45 year old white salesman, was admitted to the Simpson Memorial Institute on Octo- 
ber 31, 1946 He had been well unul May, 1946, when he noted loss of weight and progressne ease of 
fatigue Symptoms of hypermetabohsm were also present 

Physical examination revealed obesity and slight pallor Several ecchymoscs sscre present o\cr the 
abdomen and lower extremities There were no palpable lymph nodes The lis cr descended 5 cm bclois 
the right costal margin, and the spleen was greatly enlarged, extending 4 cm to the right of the umbilicus 
and down two-thirds of the distance between the umbilicus and symph}sis pubis 

On admission the hemoglobin was ii o grams per 100 cc , red blood cells 3,600,000 per cubic milli- 
meter, and white blood cells 471,500 per cubic millimeter The red cell packed solume i\as 33 p>cr cent 
and the white cell packed volume was 10 5 per cent The dilfcrcntial count rc'caled micloblasts o 5 prr 
cent, promyelocytes i per cent, myeloc) tes zi 3 per cent, metamjeloci tes zz 3 per cent, band neutrophils 
13 5 per cent, segmented neutrophils 355 per cent, eosinophils 3 per cent, basophils i 3 per cent 1) mplio- 
cytes o 5 per cent, and hcmohistiocj tes o 5 per cent Bone marross findings were compatible \ ith the 
diagnosis of chronic m}clogenous leukemia Urine anaijsis t\as ncgatise Fasting blood sugar i as 50 
milligrams per 100 cc, the blood cholesterol is as 13Z milligrams per 100 cc , and the basal metabolic rate 
svas plus z8 per cent 

On Nos ember 4, NaPAB ss as started zGm csers tsso hours, and increased to 4 Gm ese's ts o him' 
four da> s later The patient continued to receise NaPAB for tsscnts-scsen dass tal mg a to al of i c/ 

Gm During this time his leukocste count fell from 4Z7.Z50 to Z5,z5o per cu mm The red cell p-iVcd 
s olume rose from 310 per cen t to 35 5 cent sshilc that of the ss hue cells decreased fr sm i o p" se' t 
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to I 5 per cent The hemoglobin level increased from lo 8 Gm to ii i Gm per loo cc Throughout the 
period of medication, there was constant glycosuria of i to 3 plus The blood levels of NaPAB reached 
37 L mg per cent The patient s spleen deaeased in size during the period of therapy, and for some time 
after its discontinuance On December 9, v?hen the patient had received no NaPAB for the preceding nine 
days, his hemoglobin was la 8 Gm , red cell packed volume 41 o per cent, white cell layer a per cent, 
leukocyte count 33,050 per cu mm , with differential values essentially as before 

The patient was seen again on December 18, 1946 The spleen had enlarged considerably from the pre- 
vious examination, and the leukocytes numbered i67,a5o per cu mm with 9 per cent myeloblasts 
Three weeks later the leukocytes had mereased to 333,000 per cu mm and there was further enlarge- 
ment of the spleen Differential count showed ii per cent blast cells Platelets were decreased The hemo- 
globin was 9 6 Gm The basal metabolic rate was plus 67 per cent The patient was admitted for further 
treatment and was given 4 Gm NaPAB every two hours, day and night After eighteen days, the leuko- 
cytes numbered 141,000, and the hemoglobin was 8 o Gm The basal metabolic rate at this time was plus 



„ . __ . . 6789 10 II 

time in weeks 

Chart i Patient F G 513x93 Age 45 White Male Chronic Myelooenods Leukesha 
30 per cent, and the patient had gained a few pounds in weight He was discharged to continue 

NaPAB, x6Gm daily at home At the end of two weeks, the leukocyte count fell to 58.500 pet cu 

and the red cell values remained stationary At this time he had 34 5 per cent blast 

leukocytes began to increase despite the continued administrauon of NaPAB On 

forty-two da) s of continuous medication, the white count was 104,750 per cu mm with 59 ^r cc 

forms NaPAB was discontinued and the patient felt fairly well for two or three da) s, ut t en 

lose ground rapidly He was readmitted on March i, 1947 He appeared cxtrcmel) ill, an 

weak, and very apprehensive The spleen was greatl) enlarged, and the Icukoq tes of 

cu mm with 83 per cent blast forms The patient became f ,he folbwingdar 

circulator) collapse Blood transfusion and ox)gcn were administered, but he died on 

Permission for autops) was not obtained rcsnectiveb He 

This patient received two courses of NaPAB over tvvent) -seven and fort) two 
uas given a total of x, 538 Gm of the drug Gh cosuria was noted during “u ^^e 

istrafion Chart i illustrates the changes in leukoc)tc counts and hematocrit 8 

observation 
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Cast z K P (Chart 1) This 69 year old \\ hue man first c\pcrienced symptoms of exertional dyspnea, 
weakness, and ease of fatigue in October, 1945 In November, 1945, he was admitted to the University- 
Hospital and the diagnsosis of chronic mjelogenous leukemia was made He received a course of total 
body \-ray irradiation a\ith excellent s)mptomatic improvement However, weakness and fatigue reapi- 
peared in April, 1946, and he as as gisen more irradiation therapy and several transfusions during May, 
1946 He returned on October i, 1946, and ssas admitted to the Simpson Memorial Institute The patient 
was pale and appeared to base lost much weight The lis'cr was palpable 3 cm below the right costal 
margin, and the spleen ssas greatlj enlarged, descending 3 cm belosv the umbilicus 

On admission the hemoglobin ss as 7 9 Gm per 100 cc , er}'throcytcs 1,600,000, and leukocytes 130,500 
per cu mm The red blood cell packed s olume svas 13 per cent, and the svhite cell packed volume was 10 
per cent The differential count ssas as follosvs myeloblasts 6 per cent, promyelocytes 3 per cent, myelo- 
C) tes 16 per cent, metamj eloc)'tes 7 pier cent, band neutrophils 16 pier cent, segmented forms 11 pia cent. 
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TIME IN WEEKS 

Chart 1 Patient K P 580337 Age 69 White Male Chronic Mtelogenohs LEUKEsnA 

basophils II pier cent, and eosinophils 8 pier cent The platelets were shghtly increased The fasting blood 
sugar level was 75 mg per 100 cc The patient was given Gm of NaPAB daily from October 2. to Octo- 
ber 2.9 when his leukocytes numbered 38,000 per cu mm He svas discharged on October 31 and was not 
seen again until January 7, 1947 

The spleen nosv reached a pmint 6 cm below the umbilicus, and the liser extended 4 cm belosv the 
right costal margin The hemoglobin was 7 5 Gm , the red cells z, 400,000, and the leukoc) tes 154,930 per 
cu mm The red cell packed volume svas 13 per cent, and the sshitc cell packed s olume ssas 9 per cent 
The differential count revealed mjcloblasts 8 per cent, promyeloc} tes ^ ^ per cent, mjcloc) tes 17 5 per 
cent, metam) elocj tes 2.1 o per cent, band neutrophils 17 5 per cent, segmented neutrophils 13 per cent, 
basophils II pier cent, eosinophils 5 5 pier cent, 1} mphoc) tes o 3 per cent, and hcmohistioc} tes o 5 per cent 
The platelets sserc increased Beginning on Januar) 15, the panent rcceiscd 48 Gm NaPAB dail) for 
three dass and 14 Gm dailj thereafter The dosage ssas decreased because the blood lescls attained on 
48 Gm a da) ranged from 56 mg pier cent to more than 70 mg per cent Bs Fcbruars z, the sshite cell 
count had fallen to 60,000 per cu mm and the spleen ssas slight!) smaller and considerabl) softer than 
on admission There ssas a gam of four pounds Hosscser, the hemoglobin lesel had fallen to 4^ Gm 
A blood transfusion ssas started on Februan 3 After rcccis ing about ico cc of blood, the patient com- 
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per cent, segmented neutrophils x6 5 per cent, eosinophils 6 per cent, basophils 4 per cent, and lympho- 
cytes I 5 per cent The bone marrow was highly cellular with a great increase in granulocyte forms and 
reduction of erythropoietic clctncnts Urine analysis was negative His fasting blood sugar was 47 mg 
per cent Beginning on February 6, the patient received 48 Gm of NaPAB daily for three weeks when the 
dosage was decreased to 2.6 Gm per day and the patient was discharged The leukocyte count dcaeased 
from 140,000 per cu mm on February 6 to 2.0,500 on February 2.7, and the hemoglobin fell from 10 8 Gm 
to 8 5 Gm Fasting blood sugar level was 71 mg per cent on February 15 Glycosuria of i to 3 plus wis 
present throughout the period of NaPAB administration Twelve days later the white count was n-ijoo 
per cu mm , and the hemoglobin had risen to 10 1 Gm Despite 2.6 Gm daily of NaPAB, the patients 
leukocytes began to increase gradually On March zi they numbered 49,750 per cu mm and the amount 
of NaPAB was raised to 40 Gm daily A week later the white count was 87,000 pier cu mm , but on ths 
following week it had fallen to 47>ooo per cu mm The patient continued to take 40 Gm dail) until 
April 4, when nausea and vomiting forced him to discontinue the mcdicauon When seen again on Apnl 
8, the leukocyte count was 46,500 per cu mm , and the urine was free of glucose By April 13 the white 
cells had risen to 1x5,740 per cu mm with a differential count similar to that at the onset of NaPAB 
therapy Altogether, this patient received x,i34 Gm of NaPAB over a period of fifty-eight days 
Case / R M was a 71 year old white farmer who was well except for mild symptoms of prostatism 
until September, 1945, when he became aware of a growing mass in the left upper quadrant of the abdo- 
men Symptoms of anemia developed and he was admitted to the University Hospital in April, i#' 
where the spleen was found to be much enlarged, extending below the level of the umbilicus The hemo- 
globin value was ii 6 Gm per too cc and leukocytes numbered 73 ,000 per cu mm The diffcrcatial count 
was typical of chronic myelogenous leukemia The patient received x-ray therapy to the spleen with sub- 
sequent improvement in his general condition and decrease in the size of the spleen In Oaober, 1946 N* 
spleen appeared to be enlarging and he was bothered by a sense of fullness in the abdomen On March i 7 > 
1947, he was admitted to the Simpson Memorial Institute At this time the liver descended 5 cm below 


the costal margin, and the spleen extended to 6 cm below the level of the umbilicus 

Repeated unne analyses were negative The urea clearance test showed 71 per cent of normal in t 
first hour, and 63 per cent in the second hour Blood urea nitrogen was 18 o mg per cent and the nonpro- 
tcin nitrogen was 4x 6 mg per cent The bromsulfalcin test for liver function revealed only slight reten 
non of the dye after forty-five minutes An oral glucose tolerance test was performed after a 
preparatory high carbohydrate diet The patient received i 75 Gm of glucose per kilogram of idea ^ 
weight The results of this test in milligrams of glucose per 100 cc of blood were as follows Fastmg^^j 
^ hour after glucose administration, 77, i hour, 88, hours, 117, x hours, 103, hours, 104,3 
104, 4 hours, 37, 5 hours, 53 There was i plus glycosuria in the second and third hourly speamens, 
none at i hour, or at the fourth and fifth hours j 

NaPAB was administered in dosage of 48 Gm daily, beginning on March xj, 1947 Before trea^ 
the crjthroc) tes numbered 4,400,000 and leukocytes 94,300 per cu mm The hemoglobin value wa 
Gm per 100 cc The white blood cell differential count revealed blasts x 3 per cent, promyelocytes 
cent, myelocytes xo o per cent, metamyelocytes 8 5 per cent, band neutrophils xi o per cent, ^ 

neutrophils 13 o per cent, eosinophils 10 3 per cent, lymphocytes i 5 per cent, hcmohistiocytes ^ 
cent, and basophils 6 5 per cent Glycosuria appeared the day after the NaPAB therapy was start 

persisted throughout the period of treatment «crc simd*'' 

‘ On April 9, 1947, glucose tolerance test was repeated Conditions of the test 

those before, with the exception that he was now receiving 4 Gm of NaPAB ever)' * ^^nt, 

was continued throughout the test period as well The fasting blood sugar level tvas 5 mg 
I hour, 78, I hour, in, r^ hours, 1x0, x hours, 130, hours, 133, 3 hours, 81, 4 hours- ’ 

There was x plus gl> cosuria before glucose administration, and at the second, th^ird an 
A urea clearance test on April 8. 1947. showed 85 per cent of normal in both the firs 
Th^' bromsulfalcin test Was also repeated at this time, and showed no increased retent. 

n , Anril IX the patient s Icukoc) tc count had declined to 38,150 per cu mm , a winning 

1 1, JfaUen to 9 I Gm The differential count was not significanth altered ^rom that at ^ p„il 
1 ,, ; ’ ' "1,^^ ^ .h,r,p, a. horn, ,p 

of top, orN.PABo.a„TOad.„ H= d,d no. co.un. fo, !..> 

“".h.. »dd„.oo,l aro no, 
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Case tf L B The piticnt ns 1 66 yeir old housewife who noted weakness, weight loss, and anorexia 
beginning in March, 1946 The following month she developed furuncle-like skin lesions over face, neck, 
and chest For si\ )xirs she had had episodes of abdominal distress She was admitted to the Simpson 
Memorial Institute on August 17, 1946 There a\as evidence of chronic illness and pallor Moderately 
enlarged firm nodes were present in the neck and axillae The spleen extended 4 cm below the left costal 
margin and the liver was felt 5 cm below the right lower rib margin The hemoglobin was 5 6 Gm per 
100 cc , and the white blood cells numbered 10,350 per cu mm Differential count revealed many poorly 
differentiated cells including 46 per cent blast forms There were 10 nucleated red blood cells per 100 
lcukoc)tcs The red cells were bizarre in form and size Sternal marrow aspiration showed pronounced 
abnormalities of both ery thropoiesis and granulopioiesis A diagnosis of subacute myelogenous leukemia 
was made with the subclassification of er) throleukemia Folic acid, 10 mg daily, was given for two 
wxeks without any definite effect On September 4, 1946, the white blood cell count was 2.3,000 per cu 
mm , and the hemoglobin level was 67 Gm The differential count revealed myeloblasts 14 per cent 
promyelocytes 19 per cent, myelocytes 18 per cent, metamyelocytes 17 per cent, neutrophil band forms 
2x1 per cent, segmented forms 8 per cent, hemohistiocytes 2. per cent, and lymphocytes 2. per cent On 
September 5, 1946, NaPAB was started in dosage of 2jj Gm daily Glycosuria was first noted on the day 
the drug was started and persisted while the medication was continued Red cell values fell during the 
period of therapy and two transfusions were gnen The drug was discontinued on September 2.0 after a 
total of 2j}9 Gm had been taken Blood values on that day were as follows erythrocytes 1,300,000 per cu 
mm , leukocytes 13,000 per cu mm , hemoglobin 5 3 Gm , hematocrit 2.1 o per cent, differential count 
blasts 14 per cent, promyelocytes 8 per cent, myelocytes 35 per cent, metamyelocytes 20 per cent, band 
neutrophils 15 per cent, segmented neutrophils 4 per cent, lymphocytes 3 per cent, and hemohistiocytes 
I per cent By September 2.5, the white cell count had risen to 43 >000 per cu mm The patient was dis- 
charged and died at home a few weeks later 

Case y A C This patient was a 43 year old Mexican building laborer who noted case of fatigue in 
June, 1946 He was able to continue working until October, 1946) when he began to have episodes of 
vomiting and abdominal pain About a month later he developed yellowish pallor , progressive symptoms 
of anemia, and gingival bleeding He was admitted to the University Hospital on December 6, 1946 The 
patient was extremely pale, with a sallow skin color but no icterus of the sclerac There were a few small 
nodes in the neck and axillae, the liver was felt 3 cm below the costal margin, and the spleen could not 
be palpated On December 12., the patient was transferred to the Simpson Memorial Institute where a 
diagnosis of subacute subleukemic myelogenous leukemia was made Marrow examination of this 
patient revealed extensive involvement of the erythropoietic as well as the granulopoietic senes, and so 
led to the secondary diagnosis of erythroleukemia as in the preceding case 

Blood values were as follows Erythrocytes 2., 300,000 per cu mm , leukocytes 8,000 per cu mm , he- 
moglobin 6 6 Gm per 100 cc , hematocrit ai. o per cent, mean corpuscular volume 96 cu microns, differen- 
tial count myeloblasts 5 per cent, promyelocytes a per cent, myelocytes a per cent, neutrophils 54 per cent, 
eosinophils 1 per cent, lymphocytes 3 5 per cent, hemohisuocy tes i per cent There were ao nucleated eiy th- 
rocyte elements per each 100 leukocytes counted Urine analysis was negative The fasting blood sugar 
level on December 16 was 71 mg per cent On that day, NaPAB was begun in a dosage of 48 Gm daily 
On the following day glycosuria appeared and continued during the period of NaPAB therapy The fast 
mg blood sugar level was 61 mg per cent on January 6 The white blood cell count varied considerabl) , 
but tended to decrease during the second week of therapy to levels between 2.,ooo and 3,000 per cu mm 
which were maintained until the NaPAB is as discontinued on January x8 On Januaiy 14 the patient 
developed indurated furuncle-like lesions on the thighs Three of these enlarged and ulcerated Secondary 
infection occurred and the lesions remained stationary as large shallow ulcers Three 500 cc blood trans- 
fusions w ere given during the NaPAB therapy Blood values on Januar) 2.7 were as follows Erjthrocjtcs 
1,000,000, Icukoc) tes 1,800 per cu mm , hemoglobin 5 o Gm per 100 cc , hematocrit 18 o per cent, mean 
corpuscular \olume 90 cu microns The differential count was csscntiallj unchanged from the pretreat- 
ment \alucs, except for a rclati\e increase in blast forms 

A scries of blood transfusions w ere gn cn during the follow mg w cck and the hemoglobin w as raixd to 
12. 5 Gm The white blood cell count increased slightlj and was 4,000 per cu mm on Februan 16 when 
the patient was discharged Before discharge, a course of x-ra^ thcrap\ was gi'cn to the ulcers on the 
lower extremities 
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The patient returned on February i6 At this time there had been some unprovement in the ulceratiDg 
lesions on the legs The hemoglobin had fallen to lo 3 Gm , while the white cell count had risen to 17,300 
per cu mm There was a striking change in the differential which showed 85 per cent myeloblasts and 
only I per cent mature neutrophils Late in March the patient was readmitted for a scries of plasma trans 
fusions during which the white cells continued to increase in number, reaching 58,500 per cu mm t\itli 
71 per cent myeloblasts and 15 per cent mature neutrophils 

A glucose tolerance test was performed on April 9 The fasting blood sugar level was 67 rag per cent 
The blood sugar levels of specimens taken at test intervals vtere as follows ^ hour, 130, i hour, 136,15 
hours, 184, z hours, z4o, z J hours, i6z, 3 hours, izo, 4 hours, 56, and 5 hours, 50 The fasting urine spea 
men was negative for glucose as were those obtained at i, 3, 4, and 5 hours Only the specimen collected 
at z^ hours gave a reaction (3 plus) for glucose On April 11, NaPAB therapy was rcinstitutcd in a daily 
dose of 48 Gm for nine days, when it was discontinued because of nausea and cramping abdominal pain 
Glycosuria was again noted during the NaPAB treatment, but disappeared four days after cessation of 
therapy The white cell count showed no distinct change during the period of therapy, but during the 
next nine days it rose from 4Z,Z5o to 74,000 per cu mm 

Case ^ L D The patient was a 38 year old white tool grinder who was first seen at the University 
Hospital in September, 1945, for low back pain of seven years duration A diagnosis of spondylitis rtiiz 
omelique was made and the patient later received a course of x-ray therapy to the spine at another hospi 
tal In October, 1946, he developed symptoms of anemia which became progressively more severe He 
was admitted to University Hospital on December zo, 1946 Examination revealed extreme pallor Lymph 


nodes were not enlarged and the spleen was not palpable On the basis of laboratory findings a diagnosis 
of subacute myelogenous leukemia was made and the patient was given three transfusions, each of 500 
cc whole blood On December z6, the patient was transferred to the Simpson Memorial Institute At that 
time blood values were as follows Red blood cells z,3oo,ooo, white blood cells 41,500 per cu mm , he- 
moglobin 7 8 Gm per 100 cc , hematocrit zz o per cent, differential count myeloblasts zz per cent, pro- 
myelocytes z per cent, myelocytes 18 per cent, metamyelocytes Z3 per cent, band neutrophils 4 ptt cent, 
segmented neutrophils 5 per cent, eosinophilic myelocytes 9 per cent, eosinophilic metamyelocytes 9 
cent, lymphocytes 7 per cent, and hemoLstiocytes i per cent The fasting blood sugar level was 81 
per cent Administration of NaPAB was begun on December z8, the patient receiving 48 Gm daily ^0 
the following day glycosuria was noted and this persisted throughout the NaPAB therapy During 
second week of treatment the white count began to fall and by January 11, i947> hi^d reached 8,300 pc 
cu mm On January ii, NaPAB was discontinued and on January 14, it was resumed but the dosage 
decreased to Z4 Gm daily Six more blood transfusions were given during the period of therapy 
NaPAB On February i, 1947, the blood values were as follows Erythrocytes 3,500,000 per cu 
leukocytes z,zoo pier cu mm , hemoglobin 10 z gm , hematocrit 330 per cent, differential count 
blasts Z3 per cent, promyelocytes z per cent, myelocytes 8 per cent, metamyelocytes 8 per cent, 
neutrophils zi per cent, segmented neutrophils zi per cent, lymphocytes iz per cent, and hemo 1st ^ 
5 per cent At this time the NaPAB was discontinued and the patient was discharged He ha r 
i,z30 Gm of NaPAB o\cr thirty four da) s He died at home about two months later ,, j 

Case p CK This patient was a 68 year old white highway construction foreman S' ho ha a 

lent health until August, 1946, when he developed vague discomfort in the upper abdomen o ten 
two or three hours after meals The following month he lost a considerable amount of weig t a^ 
his appetite remained normal In December, symptoms of anemia became prominent 
his admission to the Simpson Memorial Institute on February 3, 1947 Mild symptoms of hy-p-rm.^^ 
had been noted during the three months before admission Examination resealed ^ jobin4 3 

alizcd ly mphadenopathy , hepatomegaly and splenomegaly Blood values were as ^ ^^luni' 

Gm per 100 cc , red blood cells 1,600,000, white blood cells z5z,ooo per cu mm , red ce p 

o P „n,, Ak. cd. , o d,fc==.... »»„. '>”P 

cent, some with notched nuclei, and polymorphonuclear neu^oph.ls i per cent Ster 

non rescaled almost complete replacement b> the abnormal lymphoid forms Serurn 1 «II 

mu per cent On Februan 6, 194", NaPAB, 48 Gm daily, was started On F^^rua ^ 
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da}s In spite of penicillin thcrap} and supportive measures, the patient died on February ii On the 
day before death, the ashitc count had risen to 180,500 per cu mm Two plus to 3 plus glycosuria was 
persent during the NaPAB therapj Autopsy permission was obtained and the pathologic diagnosis was 
1} mphoblastoma of Ij mphatic leukemia t) pe 

Case 10 R W This patient aaas a 77 )ear old retired white business man who developed an upper 
respirator) infection late in December, 1946 Early in January he began to notice weakness and malaise 
and complained of persistence of nasal discharge and a full feeling in his head A blood count was done and 
because of the abnormal white count the patient a\as admitted to the Simpson Memorial institute on 
February 2.5 He appeared much younger than his age, but was definitely pale There were a few small 
soft l}mph nodes palpable in the neck and axillary regions The spleen was greatly enlarged, extending 
7 cm bcloas the level of the umbilicus Blood values were as follows Red blood cells 2., 700, 000, white 
blood cells 410,500 per cu mm , hemoglobin 7 i gm per 100 cc , hematocrit 2^ o per cent, differential 
count neutrophils 3 per cent, eosinophils o 5 per cent, monocytes o 5 per cent, atypical lymphocytes 96 
per cent Sternal marrow aspiration revealed almost complete replacement by the abnormal cells of the 
type seen in the peripheral blood The diagnosis was chronic lymphatic leukemia of an atypical type 
NaPAB was started on March i in dosage of 48 Gm daily On March 4, the dose was reduced to 24 Gm 
daily Glycosuria occurred, usually of two plus degree On March 12., 1947, auricular fibrillation was 
noted and digitalis was given On March 13, the patient received a transfusion of 500 cc of blood The 
NaPAB t\as discontinued on March 19, 1947, because of nausea, temperature elevation to loi F , and 
apparent decrease in the granulocytes of the peripheral blood The blood values on that day were Leuko- 
cytes 352., 500 per cu mm , hemoglobin 6 6 Gm , differential count neutrophils, less than o i per cent, 
cosmophils o 5 per cent, and abnormal l)inphocytes 99 per cent plus On March vl the white blood cells 
had increased to 5x8,500 per cu mm During the following week the patient was given a course of nitro- 
gen mustard therapy (methyl-bis (beta-chloroethyl) amine) On April 7, the white cell count had fallen 
to 133,000 per cu mm , and there were 4 5 per cent neutrophils 

Discussion 

From the foregoing case reports, it is evident that para-aminobenzoic acid ad- 
mimstered in large doses as sodium para-aminobenzoate will bring about a decline 
m the total leukocyte count of patients with chronic myelogenous leukemia The 
fall in white count usually begins during the latter half of the second week of ther- 
apy and is most precipitous during the third week When NaPAB therapy is dis- 
continued, the leukocyte count begins to rise within a few days Reinstitution of 
NaPAB admimstration will again cause a fall in the leukocyte count 

One patient with subacute myelogenous leukemia showed an appreciable fall 
in the leukocyte count while receiving NaPAB, but little could be evaluated from 
the results of the administration of NaPAB to the other two patients with subacute 
myelogenous leukemia of erythroleukemic type 

NaPAB admimstration was followed by slight decreases in the cell counts of 
the two patients with lymphatic leukemia, but in these cases therapy was main- 
tained for only fourteen and nineteen days, respectively It was discontinued pri- 
marily because of nausea in one instance, and signs of infection in the other Both 
patients then had sharp increases in their leukocyte counts, which were inter- 
preted as evidence that NaPAB had been exerting an effect on the white blood cell 
level 

Para-aminobenzoic acid in sufficiently high concentration appears to inhibit all 
phases of granulocyte development in chronic m) elogenous leukemia There as no 
consistent change in the differential counts of patients receiving this compound and 
studies of sternal marrow specimens have failed to reveal any blockage phenomc- 
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non ’ ’ However, after the first week of treatment, a striking vacuolation of th 
cytoplasm developed in the myeloblasts and promyelocytes This change is lUus 
trated in figures i and 2. prepared from material obtained by sternal aspiration fron 
patient 3 Figure i pictures the marrow prior to the institution of treatment, wiiili 
figure L is of material secured on the thirty-fifth day of NaPAB therapy 

In three of the patients with chronic myelogenous leukemia treated witl 
NaPAB, there was a temporary improvement in the hemoglobin value and th( 
erythrocyte count There was no apparent effect on the platelets 


‘Fig 
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Bone marrow film from patient 3 before treatment showing rclauvc increase m gr 


Climcally, the patients were not substantially benefitted by the a mm^ 
of NaPAB In some instances the spleen decreased in size, the 
weieht, and there was a diminution of the symptoms of j lo 

ever! these effects were not long maintained after the NaPAB was is _ 

other patients, there was no objective clinical improvement ^rcc 
died in the hospital, and postmortem examination was P= procc^^ 
The pathologic findings in this case were 

There were no apparent deleterious effects of the NaPAB _,^.ntracion dis 

Although the mechanism of action whereby NaPAB in high 
nirhs leukocyte proliferation and development is not understoo , arr 

rela-o- which cause and maintain elevated leukocyte counts m leaf 
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merely inhibited by NaPAB The possibility that there is an accumulation of these 
factors during the period of NaPAB administration is suggested by the striking in- 
crease in the number of white cells following the cessation of therapy, and by the 
more gradual leukocyte increases in patients maintained on reduced dosages of 
NaPAB (charts 3 and 4) 

It IS also of interest that glycosuria appeared in all of the patients who received 
NaPAB A “reducing substance” was noted in the urines of NaPAB treated patients 
by the USA Typhus Commission workers' but the nature of this substance was 



Fig 1 Bone marrow film from patient 3 after thirty five days of NaPAB therapj M) eloblasts and 
promyclocjtes show vacuolation of the cytoplasm The apparent increase in immature cell orms is t e 
result of field selection for demonstration of the vacuoles 

not investigated Our studies have shown that the reduction of Benedict s solution 
IS caused by glucose, as determined by characteristic osazone reactions Glucose 
usually appears in the urine within twenty-four hours after the administration of 
NaPAB is begun and persists for one to four days after it is discontinued In a few 
quantitative determinations, the amounts of glucose excreted ranged from 5 o Gm 
to 17 5 Gm per twenty-four hours 

The basis for glycosuria during NaPAB therapy is being further in%estigate 
Fasting blood sugar levels taken before and during therapv have shown no sig- 
nificant differences Glucose tolerance studies in two of the patients revealed that 
the pretreatment renal thresholds for glucose were considerably higher than the 
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jevel at which excretion occurred while NaPAB was being taken These observa- 
tions indicate that the glycosuria is on a renal basis It does not seem likely that a 
simple competition phenomenon accounts for the glycosuria and it may be that 
NaPAB interference with the renal phosphorylation mechamsm is the true 
explanation 


Summary and Conclusions 

Para-aminobenzoic acid, administered in large doses as sodium para-ammoben- 
zoate caused a striking lowering of the leukocyte counts in five patients with 
chronic myelogenous leukemia and in one patient with subacute myelogenous 
leukemia 

NaPAB caused less definite decreases of the white cell count in two patients with 
chronic lymphatic leukemia, but the periods of admimstration may have been too 
short to obtain maximal effects 

In every instance, there was a prompt rise in the number of leukocytes when the 
administration of NaPAB was stopped 

Although there was decrease in spleen size in some of the patients, the objective 
clinical improvement was but slight and temporary 
All patients receiving NaPAB in large doses had concomitant glycosuria, appar- 
ently on a renal basis 

It IS to be emphasized that NaPAB is not considered a practical adjunct to the 
therapy of leukemia at this time Rather, it is hoped that studies of the cellular 
chemistry involved in the apparent inhibitory action of NaPAB may yield infor- 
mation concermng the disordered metabolism of leukemic cells 
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ACUTE THROMBOCYTOPENIA INDUCED IN DOGS BY ADMINISTRATION 
' OF URETHANE (ETHYLCARBAMATE) 

By W O Cruz, M D and H Moussatche, M D 

T he SUBSTANCES inducing thrombocytopenia can be divided into two 
categories those which act exclusively on the platelets and those which, 
in addition to this action, act also on the leukocytes and red blood cells 
True thrombocytopenia, with no alteration of leukocytes and red blood cells, 
has been described in man as caused by the administration of organic substances, 
such as arsenic salts (arsphenamine, neoarsphenamine, etc ), gold salts, and 
benzene Physical agents, such as x-rays and emanations of radioactive substances, 
cause thrombocytopenia, always accompanied, however, by leukopenia and anemia 
Descriptions have already been made of experimental thrombocytopenia and 
anemia in dogs, induced by the administration of estradiol benzoate in heavy 
doses and by injection of antiplatelet serum In previous publications,^"® one of 
us CW O C ) has studied the relation between the decrease of the number of 
circulating platelets and the occurrence of anemia 
This article describes the thrombocytopenic action of ethylic urethane ad- 
ministered to dogs in heavy doses Other blood changes resulting from urethane 
administration are also described 

Methods 

The volume of the platelets was determined by the Van Allen thrombocytocrit 
and the results were expressed in ml platelets per loo ml of blood Details of 
the hematologic technic used for leukocyte and red blood cell counts are described 
in a previous paper ® Urethane was used in a 6o per cent solution in distilled water 

Experimental Results 


Preliminary trials with various dosages and routes indicated that the drug 


exerted some effect on the platelets 


Dog s Kg 




Day of Experiment 

Latkocy Ics 
10^/mm * 

Platelets ml / 
100ml blood 

Observattons 

O 

10 4 


Dail} administration of 3 Gm of urethane (038 

2 . 

17 8 

CO 

0 

Gra p/Kg ) by mouth 

5 

xS 4 



S 

16 0 

0 40 


12. 

IX X 



30 

X 0 


Administration of urethane b\ mouth discon- 
tinued 

Administration of the same dose of urethane 

34 



subcutaneoush 

36 

7 8 

0 II 

Killed b\ injecuon of air intrat cnou<;I\ Post- 



mortem examination Hemorrhages in the 
epiploon and mediastinum \o lesions in 





intestine 

From Institute Osw 

aldo Cruz, Rio dc Janriro, 

Brazil 
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ADMINISTRATION OF URETHANE 


Dog 78 Kg 


■Day of Expenmcnl 

Leukocylcs 

Platelets ml 1 
100 ml blood 

0 

17 X 


I 

31 X 


3 

11 0 


8 

16 4 


10 

6 4 

Q 


II 2. T. 

12 . 


Obstnahons 

Dail) subcutaneous injection of 3 Gin of urethane 
(o 38 Gm p/Kg ) 

Injection area swollen, sensitise to touch, hinder 
ing the animal s walk 

Purpura in areas of injection and other regions of 
the skin 

Red blood cells, 4 x X loVinm* 

Hemoglobin, lo 8 Gm 100 ml of blood 

Hematocrit, 33% 

Found dead in the morning Postmortem exami 
nation Medium sized pctcchiac throughout 
the intestine, with no preferential zone Pro- 
fuse hemorrhage in injection site 


Dog /, 6 X Kg , Male 

Daily subcutaneous injection (o 1 Gm per Kg ) for twenty-two days On thirteenth da>, hemorrhagic 
zone was noted in inguinal region around one of injection areas, hematologic data shoivcd 6 ,^oo leuco- 
cytes per mm * and o 10 ml platelets /loo ml blood The purpura receded and no hemorrhagic spots were 

observed 

On the twenty-third day of experiment, urethane was increased to o 4 Gm per Kg 
On the twenty-eighth day of experiment, cutaneous petcchiae were observed 
On the thirtieth day, the animal was killed, after verification of lack of platelets in circolaocm 
Postmortem exammation showed presence of many isolated hemorrhagic points throughout the m 
tcstinc Hemorrhage in mtestinal lumen Pctcchiac in both lungs, epiploon and hemorrhage in perirefl 
tissue 

Dog 7, 5 4 Kg 

Daily subcutaneous injection of urethane (o 4 Gm p/Kg ) for nine days On ninth day, pctccnia 
skin of abdomen On tenth day, hematologic data showed Red blood cells 1,100 000 mm® 
Hemoglobin, X Gm /loo ml blood Hematocrit, 8 per cent White blood ceils, 3,000 ml 
o Animal killed Autopsy showed in the intestine typical picture of hemorrhagic purpura Pu 

pctcchiac f r mot 

Three other animals received subcutaneously urethane in doses of o 4 Gm /Kg bodj iveig t 
days, o x Gm /Kg for eighteen days and o 4 Gm /Kg for twelve days They all died and shoixe 
or no purpura These preliminary observations led us to try experiments which would show more 
quatcly the hematologic changes of thrombocytopenic purpura Results are given in table i 


ofl 


Discussion 

The thrombocytopenic action of urethane has not been previously 
The results referred to above show^ that this substance has an acute throm 
penic action when given to dogs m sufficient quantity subcutaneously 
apparently does not act specifically on platelets, but on all the cell c 
the blood Leukopenia was also observed in the final phase, and acute a 
without regenerative phenomena, m addition, the platelets disapp:arc^^^ 
pletely from the circulation The sequence of this picture is 
served when heavy doses of estradiol benzoate are administered to og 
leukocytosis, disappearance of platelets, and finally acute anemia 
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treated with urethane present a leukopenia which may attain extremely low 
values) in the final phase of the picture 

The fall of red blood cells coincides with the appearance of severe intestinal 
hemorrhages as a consequence of purpuric lesions in the mucosa of the small 


Tahli I — Dose oj t/ref/uttie aJmstustereil o ^ Gw per Kg 
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* Urethane administration stopped 

t Coagttlaaon time 7 minutes Bleeding amc Higher than 70 minutes 
t Died 


intestine (figs i and x) Purpuric lesions similar to those observed in the intestine 
are frequently found in the lung, cortical zone of kidney, heart, perirenal tissue, 
epiploon, and skin 

We call attention to the fact that the picture of purpura is established even 
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olatt Jk administration of urethane is discontinued after the fall in the number of 
nrJth O “ ‘'“S' 409-3 and 411-6. where the administration of 

r,„„ S T o-Shth day of the experiment but the blood 

changes continued to develop until the final stage, as can be seen in table 1 

The dose of urethane used in the animals listed in table 1 (o 4 Gm per Ka) 
may approach a dose which would intoxicate the animal prior to the appearance 
o purpura, this might explain the premature death of two dogs (3 and 407-1) 



Fio I Dog 409-3 

Digestive tract showing extensive purpunc lesions in the small intestine, especially m the jc/ufl"® 
Stomach, duodennm, and large intestine free of lesions 


The administration of a smaller dose of urethane (o x Gm per Kg ) ^or 
days did not reveal the typical picture of fulminating purpura Administration } 
mouth (o 4 Gm per Kg ) for thirty-six days in dog 393 did not produce 
It would still be necessary to discover whether the urethane action is 
dogs, as IS the case with estradiol benzoate In support of this idea is the fact t 
urethane was administered to many other species without producing a p> 


similar to that here reported 

With regard to the mechanism of urethane purpura, it would be well to 
the studies of Krogh® and co-workers on the action of urethane on the capi 
This author, by microscopic observation, verified an intensive dilata 




Fig 2. Dog 411-6 

Extensive purpuric lesions in the small intestine, especially in the jejunum 

the increase of capillary pressure Rupture of capillaries was observed by Doljaoski 
and Rosin® in studies made on the effects of urethane on the sinusoid capillaries 
of rat livers 

The known toxicity of urethane for the capillaries and its capacity for inducing 
purpura could be interpreted as facts in support of the hypothesis of Bedson^® and 
others that the primary cause of purpura lies in a change in the capillary endo- 
thelium, and not in the thrombocytopenia However, disappearance of the platelets 
of the circulating blood some dap before the occurrence of purpura in the animals 
treated with urethane, or, as was shown in previous observations, in animals 
treated with estradiol benzoate, indicates that the platelets are involved in the 
mechanism of purpura 

It has not been possible to the present time to determine the primary cause in 
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the mechanism of urethane purpura, but it seems to us that the whole question of 
purpura could be attacked with advantage by the use of urethane Water solu- 
bility, low price, as well as easy commercial availability are some of its advantages 
over estradiol benzoate and antiplatelet serum for the study of experimetal 
purpura 

Because of its leukopenic action, urethane administered by mouth has been used 
recently in the therapeutic of leukemias Despite the fact that it is necessary to 
administer higher doses to dogs than those administered to patients with leukemia, 
and taking into consideration the fact that subcutaneous injections were used in 
dogs. It appears to us that in patients treated with urethane it would be advisable 
to determine periodically the number of circulating platelets 

Summary 

I Dogs treated for one to two weeks with daily injections of urethane (ethyl 
carbamate) subcutaneously, in doses of o 4 Gm per Kg of body weight, presented 
a typical picture of thrombocytopenic purpura 

2 . The pathologic changes consisted in numerous purpuric lesions in the small 
intestine and a smaller number on the skin, heart, lung, cortical zone of the kidney, 
epiploon, and, rarely, on the stomach and large intestine 

3 The hematologic changes occurred in the following sequence leukocytosis, 
leukopenia and thrombocytopenia, and finally acute anemia coinciding with 
severe intestinal hemorrhage In the final phase, the coagulation time was normal 
and the bleeding time very much increased 
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A METHOD TOR OBTAINING LIVING LEUKOCYTES FROM HUMAN 
PERIPHERAL BLOOD BY ACCELERATION OF 
ERYTHROCYTE SEDIMENTATION 

Bj Allen H Minor, M D , and Lel Burnett, M S 

I N OBTAINING leukocytes from human peripheral blood, use has been made of 
of a ph)siologic mechanism for accelerating erythrocyte sedimentation Gray 
and Mitchell' found that the addition of fibrinogen in adequate amounts to hepa- 
rinized blood causes the red cells to settle so rapidly that they approach cell volume 
at the end of one hour Wc have noted that at one hour, in blood exhibiting an 
accelerated cr)ahrocytc sedimentation rate, approximately the same concentration 
of leukocytes remains in the plasma overlying the red cells as is found in capillary 
blood, and that the differential counts are similar These leukocytes are alive Data 
are presented which show that fibrinogen added to heparinized blood permits the 
recovery of living leukocytes suspended in their own plasma This recovery is 
attended by a minimum of technical difficulty, of physical traumatization, and of 
erythrocyte admixture 


Method 

Rfa^enfs 

I Heparin, loo mg per cent solution, made up in isotonic saline This solution may be kept in a 
stoppered bottle at room temperature for several months without significant loss of acuvity 

2- Fibrinogen solution This is made up fresh daily b) dissolving 310 mg of Fraction I from bovine 
plasma (Armour) in 10 ml of distilled water This solution contains approximately xo mg of fibrinogen 
per 1 1.5 ml Brief incubation at 37 C facilitates solution 

Procedure 

All glassisare and needles must be clean and dry 
I Into a 15 ml tube, pipet o 4 ml heparin solution 

X Into a syringe, aspirate rapidly but not forcibly 10 ml of venous blood Remove the needle and 
transfer the blood into the tube 

3 Add I X5 ml fibrinogen solution and mix by inversion 

4 Into another 15 ml tube, pipet 10 ml of this imxture, taking care that the glass above the fluid 
remains dean, stopper the tube 

5 Slant the tube at a 60 degree angle and incubate at 37 C 

6 After one hour, remove the tube from the incubator and introduce the tip of a 1 ml pipet about x 
cm below the meniscus of the supernatant fluid, taking care not to agitate the erythrocytes 

7 Transfer x ml of this fluid to another container This is a plasma suspension of living leukocytes 

Data 

Table 1 shows total and differential leukocyte counts and total erythrocyte counts 
on capillary blood, and on plasma suspension of leukocytes obtained by the method 
given Uncorrected erythrocyte sedimentation rates on heparinized venous bloods, 
determined with Wintrobe tubes at room temperature, are also shown Data are 

From the Sloan- Kettering Institute for Cancer Research, New ^ork, N 
* Trainee, National Cancer Institute 
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given for consecutive blood examinations of twenty normal individuals (blood 
donors) 

This table shows that after acceleration of the normal erythrocyte sedimentation 
rate a suspension of leukocytes is obtained in which the concentration and distri- 
bution are similar to that found in capillary blood It also shows that an average 
clearance of 99 8 per cent of erythrocytes is effected in the suspension The majority 
of the residual erythrocytes are present as rouleaux of from five to twenty cells, and 


Table i — Total ami Dtjfirential Cell Counts on Capillary Blooil (C) ami Plasma Suspension of Leukocytes (S) 
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only very occasional thrombocytes are found in fresh preparations or 
smears of suspension * Consequently, in many fields observed with hig ^ 
cation, only leukocytes are seen 

Figures I and x are photomicrographs, taken two minutes apart, 01 ^ 

pension obtained by the method given from a normal individual 1 c ^ 

* This IS true because the thromboc^ tes are for the most part suspended just counts os 

are adherent to it. and hence are not in focus sshile Messing the underls cation m the sus 

capillars blood and suspension shoss a reduction of about 50 per cent in platelet co 

pension 



'Flo I Granular Leukootes Suspended in Their Plasma, Recovered from Normal Human Pe- 
ripheral Blood ei Acceleration of Erythrocyte Sedimentation (X 6io) Dark-Field Illumination 



; t 






Fio 2 . Same Field and Magnification as Fig i. Two Minutes Later Note changes in shape and 
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shape and position of these granular leukocytes, in conjunction with their un- 
diminishcd refractility as observed with dark-held illumination, afford proof of 
their vitality 


Discussion 

The method given for leukocyte recovery is technically simple The two reagents 
used are readily available, no special apparatus is needed, working time is measured 
in minutes Minor modihcations of the conditions recommended will yield satis- 
factory results erythrocyte sedimentation may be carried out at room temperature 
or with the tube upright, and the sedimenting time is not critical We have ob- 
served, however, that the concentration of hbnnogen salt solution cannot be in- 
creased without signihcant impairment of the vitality of granular leukocytes 
There is mimmal traumatization to the leukocytes The reagents used are sub- 
stances normally encountered physiologically Normally circulating leukocytes arc 
obtained, rather than cells accumulating in response to an inflammatory stimulus 
The procedure is applicable to large or small quantities of blood, it has been used 
successfully with 500 ml and i ml volumes 

It should be readily adaptable to anaerobic or aseptic technic 


Summary 

A simple method for obtaining living leukocytes from human peripheral blood 
presented It consists of the addition of fibrinogen to heparinized blood Essential y 
all the leukocytes remain in plasma suspension and essentially all the erythrocytes 
arc sedimented out at the end of one hour 


ACKNOWLEDGMENT 

for 

The authors wish to express their thanks to Miss Aima Manicri, who did aJJ the blood counts 
this study, and to Mr Antol Hcrskovitz, who prepared the photomicrographs 

REFERENCE 

^ Gbay, S J and Mitchell, E B Effect of purified protein fracaons on sedimentation rate of crythtU" 
cytes Proc Soc Exper Biol & Med /i 403-04, 1541- 



EDITORIAL 


"Shot-Guns” 

T he popularity of the numerous and varied shot-gun preparations in the treat- 
ment of anemia is one of the features of modern medical practice Perhaps this 
points a moral 

Anemia is fundamentally a symptom, being indicative either of a deficiency 
state, a disturbance of the bone marrow, or of increased blood loss Anemia per se 
should not be considered as a disease, and since it is always symptomatic or sec- 
ondary of something gone wrong in the bodily economy, a thorough-going effort 
to determine its cause should always be made The practice of giving mixtures of 
liver extract, folic acid, iron and vitamin B to patients with anemia in the hope 
that one or the other of these substances might hit the mark deserves critical 
comment Not only is this method slipshod, but it is often wasteful of the patient’s 
finances, and, indeed, in many instances is distinctly dangerous 
Since anemia, if it is actually present (frequently it is not), indicates some sort 
of abnormal state, it is of prime importance for the physician to attempt to dis- 
cover the abnormality This requires a careful history as regards dietary habits, 
gastrointestinal complaints, bleeding, chemical exposure, hereditary disease and 
the like A careful physical examination, followed by an evaluation of the blood 
picture, will then usually lead to a fairly conclusive idea as to what type of anemia 
IS present, and its possible etiologic mechanisms A few other studies, including 
such procedures as stool examinations for occult blood, x-ray examinations, bili- 
rubin estimations, studies of the aspirated bone marrow, etc , will usually lead to 
a final diagnosis There can be no doubt that this procedure is time-consuming and 
reqmres considerably more trouble than prescribing one or the other shot-gun mix- 
ture On the other hand, a careful study is valuable for the patient, informative for 
the physician and productive of knowledge which should be helpful in determin- 
ing whether a simple medication or perhaps a radical surgical procedure is the 
treatment of choice in a given case 

The prescribing of multi-drug preparations is apt to be wasteful of the patient s 
finances, for usually some of the numerous medications contained in a given capsule 
or pill are completely unnecessary If the patient has an iron deficiency, he needs 
iron in adequate amounts, not liver extract, not folic acid, not vitamin B complex 
and not vitamin C The iron present in the preparation is perhaps adequate, but 
frequently it is not, and to obtain an optimum amount the patient must often take 
SIX to a dozen capsules There is no good evidence indicating that liver and the 
various vitamins act as adjuvants to iron On the other hand, they raise the cost 
of the preparation five- to twentyfold without otherwise performing a single use- 
ful function Similarly, when a patient has pernicious anemia, what he needs is 
liver extract or folic acid in optimal amounts and not iron or vitamin B complex 
The watchword should be specific medications for specific deficiencies It maj 
be stated parenthetically that none of the various antianemic preparations 
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blood formation There are no hematopoietic stimulants, only materials whici 
supply a given deficiency, if it is present 

Why then may the prescription of multidrug preparations be of distinct danger? 
Suppose, for example, that the patient has hypochromic anemia due to unrecog 
nized chronic bleeding from the bowel, administration of a shot-gun preparation 
may well relieve the anemia, at least to some extent and for a little time, but mean 
while the neoplasm or other condition causing the bleeding may continue relent 
lessly and by the time it becomes obvious, radical surgery may be of no value Or 
suppose the patient has pernicious anemia and is given six pills or capsules 
daily contaimng a small amount of liver extract This amount may well initiate a 
minor therapeutic response, largely hematologic, but will hardly be sufficient to 
protect the patient against neurologic complications 

Too many attractive preparations for the treatment of anemia are on the market 
Their worth to the practising physician and to the patient is often highly question- 
able There is need for cooperative action on all fronts so that the patient maybe 
protected from useless, expensive, and potentially harmful medications Tins will 
require not only constant vigilance on the part of the physician but a highly 
developed ethical sense on the part of the pharmaceutical manufacturer as well as a 
firm determination on the part of the publisher of medical periodicals to accept 
only those advertisements which do not overstate the case for a given preparauon 
Where to draw the line is sometimes difficult, but if any one of the groups con 
cemed falters in its determination to give the patient the best possible chance, 
shot-gun habit will continue, and will sooner or later back-fire Although a certain 
degree of financial sacrifice is boimd to occur through well-controlled advertising 
selection, there can be no question that a frontal attack on this problem by 
physicians, pharmaceutical manufacturers and medical publishers would sure) 
redound to the credit of all concerned and prove to be of great help to the ultimat 
consumer, the patient Through the cooperation of the publisher and the mem 
of the editorial board, this Journal has been making efforts, oftentimes with gt^ 
difficulty, to screen advertising copy very carefully It will continue to do so 

William Dameshek, M 
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RADIATION AND RADIOACTIVE ISOTOPES 

Medical Applications of ARTinaAL Radioactive Isotopes K A Evelyn From the Department of Mcdi- 
ane, McGill Unnersit), Montreal, Quebec, and the Hypertension Research Committee, Massachu- 
setts General Hospital, Boston, Miss Canad M A J yif 547~554> ^947 

The author presents a remarkabl} lucid review of some of the fundamental principles pertaining to the 
medical use of artificial radioactive isotopes Definitions of the terms isotope, radioactivity, hard 
raj , soft ray and rate of disintegration will be particularly helpful to the uninitiated The uses of 
the Launtsen electroscope, Geiger counter and the radio-autograph technic arc briefly explained The 
present status of tracer research is summarized with especial reference to some of the technical difficulties 
involved Characteristics of some of the more important artificial radio-elements are given in easily under- 
stood tabular form Data arc included on radio-hydrogcn, -carbon, -oxygen and -nitrogen because of 
their potential value, despite the fact that various difficulties are delaying their widespread use 

Discussion of the use of artificial radio-elements for internal radiation therapy is largely confined to 
radio-phosphorus and radio-iodinc The health hazards involved in the use of artificial radioactive iso- 
topes arc properly emphasized ^ ^ 

The Use of Isotopes in Medical Research J H Lawrence From the Donner Laboratory of Medical 
Physics, University of California, Berkeley, Calif JAMA 1^4 2.19-12.5, 1947 
This report is a brief, lucid presentation of certain of the fundamental prmaplcs in the applications of 
isotopes in medical investigation and therapy Isotopes arc forms of a given element which have different 
atomic weights, certain isotopes not only have different weights, but also emit rays of various types, and 
arc, therefore, known as radioactive isotopes The amounts of such substances can be determined by 
means of the Gcigcr-Mullcr counter and similar devices Artificially radioactive elements can be pro- 
duced cither by use of the cyclotron (which bombards given elements with positively charged nuclear 
particles) or by means of the uranium pile (which bombards elements with slow, uncharged neutrons) 

In general, such isotopes have two uses for medicine (i) for therapeutic irradiation, and (2.) for tracer 
studies of the metabolism of the particular clement 

LawTcncc tabulates a number of radioactive substances in use in research, and discusses three prinapa 
technics used in such studies (i) In the autoradioyafbic techmc, a tracer dose of a substance is given, tissues 
arc sectioned at various intervals and placed against photographic film, these photographs arc then 
examined to determine which organs have taken up the substance (2.) In the m vitro technic, a radioactn c 
substance is given, and samples of blood, urine, etc , arc taken at various intervals and measured or ra 10 
activity (3) In the in vivo technic, a Geiger counter is placed successively over various parts of the body 
after administration of a radioactive substance, and the uptake by various organs thus ctcrrainc 
Cobalt, for example, is taken up largely by the liver, and iodine bj the thjToid gland 

This aruclc is an excellent brief introduction to the methods and principles of radioactiv c research m 
medicine 

S E 

The Hematological Effects OF Ionizing Radiations IN THE Tolerance Range L 0 Jacobson ariE K 

Aiarks From the Metallurgical Laboratorv , Univcrsitv of Chicago, Chicago, Illinois Ra lologv 

2.S6-2.9S, 1947 

S05 
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The plutonium project wis thnt section of the Manhittnn District which had the specific taskofpre 
paring and purif) ing plutonium for use in atomic bombs, according to the general formnla, U'“ + nm 
tron = chain reaction, which gives a neutron ashich bombards (in the pile) to give plutonram 
Studies of the physical, biologic, and clinical effects of irradiation were made throughout the work It 
a\as the task of Jacobson and Marks to study the hematologic data in individuals exposed to irradiation 
asithin the 'permissible ’ or "tolerance ’ range, i c , up too i roentgens per day Some of their results are 
summarized in this report 

Rabbits, mice, and guinea pigs were exposed to irradiations under conditions meant to duplicate tic 
laboratory exposure ashich scientists and their assistants received in radiation laboratories The 
were given whole body chronic exposure to external radiations, in various groups (o i, 1 1, i ^ 4 4 ' 

8 8 roentgens for eight to twenty-four hours daily, six days a week, for over three years) Tolerance oses 
(o 1 r/day) had no effect on the blood Doses of x x r/day or more resulted in changes in all } specio, 
including l}mphocycopcnia (the earliest change), anemia, and, in the highest doses, death No yrop 
c) tosis, eosinophilia, or monocytosis occurred in any species at any dosage levels It was oi inter < 
in female mice, ovarian tumors developed in doses of even o i to i 1 4/day, 1 c , /« the absinct oj cw" 
changes , 

The hematopoietic s} stem of man xvas found to have the same sensitivity to irradiatio^ t a ^ 
guinea pig and the dog When exposed to chronic tolerance doses, man sometimes developed ^ ^ 
due to lymphocytopenia, and macrocytic anemia These changes always disappeared, but m 
intervals of time All radioisotopes studied produced lymphocytopenia as the first indicator 0 
even in the absence of histologic evidence of changes in the lymphatic tissue of the 7 ® 
However, as demonstrated in the case of mouse ovarian tumors, pathologic changes might occur 
absence of blood and hematopoietic tissue changes at autopsy au be 

In studies on laboratory personnel, rarely could peripheral blood changes, notably en 0 
attributed to radiation Both exposed and nonexposed groups often developed similar b 
extraneous causes (e g , rubella) In other words, no blood changes could be found which 
tolerance range of radiation exposure, and it was finally concluded that the appearance 0 
changes should be considered very serious and indicative, probably, of overexposure y 
doses Si 

The Treatment of Polycythemia Vera by Spray Irradiation W Ktchardson and L L ^ 

England J Med 78-81, 1948 Spfff 

This report summarizes sixteen years of cx-pcricnce with x-ray therapy m polycytnc 
irradiation is given with a target distance of 115 to 150 cm , over a field from neck to knees, 
of xoo, o 5 mm copper and i o mm aluminum filtration Daily dosage vanes from 10 to 
air and the total dose is approximately 300 to 500 r in any one series of treatments am 
nor and posterior fields Treatment is stopped if white blood count falls below 5-6000 

Twentj -eight cases of polycythemia vera treated in this manner are reported with a yoj 

year average follow-up Radiation sickness is minimized in this report Results obtain ^ ^ 

favorably with the best results achieved by radioactive phosphorus with remissions o j^vclop^ 

jears following one course of treatment One patient developed aplastic anemia No patien 

leukemia or a leukemoid picture This latter is of particular interest in view of recent case r po 

leukemia following radioactive phosphorus treatment C A F 

Primary AND Secondarx Vacuoles IN Thyxoc Cells Exposed IN Vitro TO X-Rays R phrek p 

Research Unit, Veterans Administration Hospital, Hines, Elinois J Cell and tnp 

X03-XX4, 1947 thex undergo 

When suspensions of find) minced rat or rabbit th)mi arc incubated at 37 l, , i ,Iluinn’'‘ 

aging and dcgcncratnc processes which arc manifested as vacuolar-likc structures by ^ ^rrelcrit'^ 
tion In similar suspensions irradiated with 1000 r, the 


; vacuoiar-iiKC struciuii.^ 
deiclopmcnt of these solut' 


lutio^ 


v-cf' 


Irradiation also decreases the number of xiablc cells as indicated by their resistance to a ^ ^ 

ofcosin inTsrode Two t) pcs of xacuolcs xvcrcobserxcd in dark-field preparations T cpri ^-r' 

cither single or multiple small or large, usualh round and clcarl) outlined Secon ari 
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large, dark., and round or o\ al Fculgcn prcpiritions revealed that the primat)' vacuoles were intranuclear 
and that the secondary \ acuolcs actuall) represented pyknotic nuclei When the latter were extruded they 
behaved as spherical fluid globules immiscible with water A hypothesis of the action of x-rays on lym- 
phocytes IS discussed 

OPT 

HEMORRHAGIC DISEASES AND BLOOD COAGULATION 

Heparinemia (?) An Anticoagulant in the Blood of Dogs with Hemorbhagic Tendency after 
Total Bodx Exposure TO Roentgen Rais J G Allen, M. Sanderson, M. lAtlbam, A harschon, and L 
0 Jacobson From the Department of Surgery, University of Chicago, and the Argonne National 
Laboratory, Chicago, 111 J Exper Med Sy 71-80, 1948 

Dogs exposed to 450 units of roentgen irradiation over the whole body developed infection and hemor- 
rhage associated with neutropenia, thrombocytopenia and prolonged clotting and bleeding times The 
prothrombin time remained normal until about twenty-four hours before death, and the concentrations 
of calcium, phosphorus and magnesium in the blood averc not altered Actual measurements of fibrinogen 
vrere not made, but the formation of clots was interpreted as evidence of the presence of fibrinogen 
Delay or absence of clot retraction was related to platelet deficiency The blood of irradiated animals 
appeared to gel before an actual clot was formed, and the gelled blood could be reverted to a fluid state if 
shaken before a solid clot formed 

Toluidine blue and protamine sulfate, substances knowm to inhibit the action of heparm, restored 
clottmg time to normal and w ere the only agents effective in arresting hemorrhage in the dogs Trans- 
fusions, vitamin K and vitamin C did not alter the hemorrhagic state It is concluded that the bleeding 
tendency of the irradiated dogs was due, at least in large part, to the presence in the circulauon of an 
anticoagulant whose properties were indistinguishable from those of heparin The material isolated with 
difficulty from the blood of the dogs appeared in no way dissimilar from a standard sodium heparin salt, 
but was classed as hcparin-like because the exact identity of heparin itself is unkn own 

The contenuon that bleeding was not due to thrombocytopenia alone was supported by the observa- 
tions (i) that the reduction of platelets did not always coincide with the onset of bleeding, and (a) that 
toluidme blue and protamine sulfate stopped the tendency to bleed but did not elevate the platelet cimnt 
In connecuon with this report, the highly beneficial effect of rutin in irradiated dogs desCTi c y 
Rekers and Field (Science 107 16-17, 1948) is of considerable interest It appears that loss of vasralar 
integrity may be another factor to be considered in exploring the mechanisms responsible for hemorr age 
in irradiated animals ^ t- -.r 


Hyperhepabinemia the Cause of the Hemorrhagic Disease produced by Total Body Expos 

Ionizing Irradiation J G Allen From the Department of Surgery, University of Chicago i'cd 


Proc 6 68, 1947 , , 

During the course of investigations on the effects of atomic radiations on living tissues, it as 
that such ionizing radiations often resulted in multiple petechiae and death of a hemorr agic la 
The reduction in platelets was not the entire answer to the development of the hemorr agic ten cnej , 
for these patients showed, in addition to a reduction m platelets and an increase in lee ing t , 
marked prolongation of the coagulation time Further studies disclosed that t e °° ° 
an anticoagulant, the nature of which seemed to be heparin, for anti-heparin materials (toluidme blue, 
protamine) restored the coagulation amc to normal both in o and in i itro The return o t e coagu 
tion time to normal occurred indcpcndentl) of the platelet level, which usuall} rcraamc o ’ 

phosphorus, magnesium, prothrombin time, and fibrin formation were all normal in t esc case ) , 

w hen dogs were exposed to ionizing radiation over the bod) , their plasma was oun to contain a 


coagulant hat ing the actit in' of heparin , 

The mode of production of cxccssnc plasma heparin bt bod) irradiation remains to be determine 
In the light of such studies, the reported effect of x-radiation in reducing the coagulation '^e 

blood of patients -with hemophilia COstro and Macht, South M J S60-S67, X94O % 

abe)ance until confirmator) etidencc is presented Certainh it would be strange i t e emop 
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patient, a\ho nlrcid), according to one school of thought, harbors an excess 
should behasc in an opposite manner to the normal individual in the response 


of heparin in his plism 
to irradiation 

S 2 


Clottino DnrrcT m Hemophilia DnnaENcv in a Plasma Factor Required tor XHsoMBOPUsn 

Liberation prom Platelets K M Brink/jaus From the Departments of Pathology, State Univcrai 

of Iowa and Untversitj of North Carolina Fed Proc 6 38^90,1547 

The author suggests that a plasma factor is involved in the release of thromboplastin from part 
and that the factor is deficient in patients with hemophilia Normal citrated plasmas which 
slowly on recalcification were prepared bj prolonged centrifugation at z°C in glassware trM 
silicone Such plasmas were much less cfTectivc than ordinary plasmas in correcting the ° 

of platelet-free hemophilic plasma, but retained their corrective effect on the coagulation 0 w 0 e 
philic blood After the addition of washed suspensions of platelets, normal or hcmophihc, ^ 
regularly corrected the coagulation defect of hemophilic plasmas The platelet suspensions c ^ ^ 
did not do so It must be concluded, therefore, that the presence in one medium of bo ^ 
plasma was required for the production of whatever substance w'as involved in the 5 

philic coagulation time Brinkhaus prefers to consider that some plasma factor acts upon p 
release contained thromboplastin Quick (Fed Proc i z84, 1547) believes that the p 
something which activates a thromboplastin-precursor in the plasma The normalcy c 

platelets is indicated by both their inv'estigations, and the occurrence of some defect m c 
hemophilia is now generally accepted Whether the defect consists of absence of thromb^ 
of activator, absence of some unspecified globulin, or excess of heparin still remains to im 
demonstrated 


LeS HeMATOMBS INTRACRANIENB DBS H^MOPHILBS (InTRACRANIAL HAEMORRHAGE 

Patllard, J Boudouresque, ] Tamalet Sem Hop Pans 43X-436, 1948 j XhefoUo'^ 

Only a few isolated cases of intracranial hemorrhage in hemophiliacs have been reporte 
ing 3 cases of this quite exceptional complication of hemophilia are thus of some interest 

The 3 cases arc almost identical After a minimum amount of trauma (a slight \vas pf® 

two cases, and compression of the neck and jugular veins in the third), the down 1 jntracriD** 
grcssivc after an initial symptomlcss period In z of the cases, there were signs of jnottn 

hypertension, with increasing headache, somnolence and papillary congestion, togc 
signs and aphasia The diagnosis was dear The great problem was treatment oosed ofh'F"' 

In all 3 cases, surgical intervention was necessary Great subdural hematomata 
blood with numerous clots were found All 3 pauents died despite a transfusion one ^ and 

Intervention was inevitable in all 3 cases because of the onset of coma The pauents 1 ’ 
hours, respectively, after the operation In none of the cases were thrombin, fibrin, ge a 

lose used , jj^juber 

It IS to be regretted that the authors do not give more details of the quanaty an tbec^^ 

fusions, nor of the clotting time, information which would be of great value in as 
cause of the operative failures j P S 

Quantitative Studies on the Coagulation Detect in Hemophilia A J Quick From t^ 
of Biochemistry, Marquette University School of Medicine, Milwaukee Fed Proc ^ 

The three commonly held theories of the pathogenesis of hemophilia include * 
from hemophilic plasma, presence of some anticoagulant in hemophilic plasma, an 
hemophilic platelets to initiate coagulation Recent studies by Quick tend to rcconci c, ac 
the differences between the first and the third of these theories allowed toco^f'^ 

Quick found that the serum obtained immediatcl> after hemophilic blood has been a ^ 
late contains unchanged fibrinogen and v irtually as much prothrombin as the ongma 0 ’■ 

at 37°C produces coagulation of all the fibrinogen in one hour, but the prothrom in 
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onl) a small amount of thrombin is formed) Thromboplastin converts the prothrombin of hemophilic 
blood to thrombin stoichiometrically, not enzymatically Platelets, however, contain little thrombo- 
plastin, for when an extract of platelets is added to prothrombin in plasma, little conversion to thrombin 
occurs Normal plasma deprived of platelets by centrifugation shows a poor conversion of prothrombin 
to thrombin, but \%hen such platelet-free plasma is added to hemophilic blood, the prothrombin of this 
blood IS rapidly changed to thrombin and rapid clotting follows When normal platelet-free plasma is 
added to hemophilic plasma also low in platelets, little thrombin is formed 

These data signi^ that thromboplastin may occur in plasma in an inactive form, and Quick beheves 
that the platelets furnish an agent which enzymatically converts this inactive thromboplastin to an 
active form Hemophilic platelets behave normally, but hemophilic plasma, accordmg to this work, 
lacks the inactive thromboplastin, and hence coagulates poorly Quick feels that the inactive thrombo- 
plastin IS probably identical with Howell’s plasma thromboplastin and with the anti-hemophihc glob- 
ulin of the Harvard investigators The nature of the latter substance has not yet been chemically deter- 
mined, but Its identity with thromboplastin is an interesting, if undemonstrated, suggestion 

SE 

Thromboplastin in the Urine of Normal and Hemophilic Men L M Tocantins and J N Lindquist 
From Jefferson Medical College, Philadelphia Fed Proc 6 115, 1947 

Fresh human urine was found to contain thromboplastic substances which act by accelerating the con- 
version of prothrombin to thrombin Urine from hemophilic patients was found to have as high or even 
higher activity in this regard as urine from normal men The source of this material, and its nature, are 
not clear, but the authors suggest that it may come from the kidney itself, or may be the product of 
disintegrated tissue or blood cells cleared from the blood by the kidneys 

S E 

The Protective Action of Rotin against Capillary Injury A M Ambrose and F DcEds From the 
Pharmacology Division, Bureau of Agricultural and Industrial Chemistry, U S Department of Agri- 
culture, Albany, California Fed Proc 6 306, 1947 

These workers studied capillary piermeability in rabbits by means of intravenous trypan blue injections 
the dye accumulates in areas of injury Capillary injury was produced in the rabbit s abdominal wall by 
various agents including chloroform, histamine, and negative pressure Untreated rabbits were compared 
with animals who had prcyiously received rutin 

In zx rabbits to whom rutin had previously been administered, the appearance of trypan blue dye in 
chloroform-produced wheals was delayed as much as eight times above control, nonrutinizcd animals 
ODosages and times arc not given in this brief report ) Rutin also prevented the appearance of dye after 
the application of negative pressure to the abdominal skin These arc further data to be added to the rather 
meager experimental evidence supporting the clinical impression that rutin has a beneficial effect on 
capillary resistance 


Blood Levels of Certain Constituents in Normal Adults before and after Ingestion of Rutin E 
Papageerge and F Adair From Emory University, Georgia Fed Proc tf 183, 1947 
Despite the vague clinical impression that rutin is useful in certain patients with excessive capillar) 
permeability, little objective experimental evidence has been presented to confirm this feeling The 
authors placed 15 normal adults on a low ascorbic acid diet for four weeks, and then tested them during 
successive two week intervals with rutin in the absence of ascorbic acid, ascorbic acid without rutin, and 
both drugs together The dose of rutin w as 100 mg dail) , as w as also that of ascorbic acid 

Rutin was found to have no influence on the serum levels of cholesterol, calcium, sodium, or vitamin 
K Ascorbic acid levels, although done, were not reported, but thev were said to suggest that rutin tends 
to maintain a high serum lev el of this substance The relationship of these findings in the normal indiv id- 
ual, to that in the abnormal patient with forms of vascular purpura (in whom rutin mav be of value), 
remains to be found There is still no agreement on the mode of action of rutin, and little bevond an 
impression as to \\hcthcr ic is c\cn efficacious 
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Sovjn Favors In rtunscso run SmocTURr and Ratf or ^oR^fAT.ov or Fidr.n Clots / D Ftrr^,J T 

A A 1 c°u'^7'’ If'' r Liter From the Department of Physical Chemistry, Har 

^^Trei Mcdica! School. Boston Fed Proc t! ijo-xj,, ,547 

nf I. ‘Studied fibrin formation in solutions of human fibrinogen and thrombin, in the absence 

prot rom in an o i rinoI\ tic materials Thes found that the initial rate of coagulation asashncarlj 
p oporriona to t le concentrations of thrombin (within certain limits) and fibrinogen Bj altering tbc 
p , ionic strengt , an chemical composition of the medium, thc\ were able to produce sanoustypesof 

c or structures, me u ing a clot which was coarse and readily contractile, and a clot ashich was tnns- 
lucent and friable 

SE 


Fine Structure or Clots Formed trom PoRinED Bomne Fidrinogen and Thrombin A Stuht 

^ ^ ^ R Porter From the Department of Pathology, 

_ e *cal School, Boston, Mass , and the Laboratories of the Rockefeller Institute for Medical 

Research. New- York. N Y J Exper Med W xSj-x^l, 1947 

tee *s described for preparing clots from boa me fibrinogen and thrombin which are suitable for 
study w 1th the electron microscope The obsera ations of this report arc concerned chiefly avith the effects 
tCTanons ^ found that clots arc composed of mcsh\%orJvS of single and compound 

fiK ^ haac greater diameter and greater Tendency for lateral association into compo’i^'^ 

A 7 S! ‘Iccreased from 8 5 to 6 3 Cross stmt, on of unit fibers w as a striking feature of all dots 
c ^riodicicy- of these striae aaas found to be constant (approximately xyo A) and there arts* 
praise coinadcncc of stnations of unit fibers when these avere associated side by side to form compom'' 

The authors present a cautious discussion of the possible relationship between their obsera aaons and 
e suppose mo ccmlar structure of fibrinogen Excellent photographs arc included in the papQ' 


Hemostatic Properties OP Hemolytic Agents M E Mubrer and A G Hogan From the Department of 
Agricultural Chemistry , University of Missouri Fed Proc 6 x8o, 1947 

Tlus paper attempts to elucidate the increased coagulabihtv- of blood folloaving certain hemoI)i^ 
episodes The authors, having found a sharp drop in coagulation umc in hemophilic svainc immediate^ 
after the injection of hemoly zed crythrocy tes, determined that the same effect could be obtained byg*^’®^ 
acetyl phcnylhydrazinc, thiodiphcnylaminc, and other hemolyuc agents Analysis revealed that, sinro 
tancous with the reduction in coagulauon time, there was a sharp decrease in the fibrinogen, thc« 
volume, and the amount of prothrombin [sic] For certain agents— notably saponin and sodium olea'=^ 
the fall m coagulation time w as followed by a negauve phase during which the coagulation time 
increased above normal despite an increase in fibrinogen This refractory phase was due to a further dC" 
crease in the amount of prothrombin which occurred with these agents 

It IS not clear to what the reduction in coagulation time could be attributed It should be pointed oaf 
that, clinically, transfusion reactions, which result in severe intravenous hemolysis, result m a hemw 
rhagic tendency , rather than the opposite, but presumably this is the result of damage to tbc endothe 1 
lining of the vascular svstem 

SS. 

Thromboplastic Factors in the Estimation op Prothrombin Concentration C L Conley, IF f 
II From the Department of Mcdianc, Johns Hopkins University- and Hospital, BaJumorc, Mat)^*” 

Am J M Sc zry 158-169, 1948 

The purpose of this study was to determine, by Quick s method, w hether prothrombin deccrminao® 
in which different thromboplastin solutions were used gave comparable results Rabbit foam emu 
prepared bv the authors, two acceptable commercial thromboplasun preparations, and viper venom ' 
cmplovcd Very divergent results were obtained on human hvpoprothrombic plasmas when «linc ' ° 

non curv cs were used for reference In dogs, the authors found that bannm sulfate-treated plasma be * ^ 

more like that of dicumarolizcd (prothrombin-frcc) plasma than did plasma treated "ifb alummu 
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h)dro\idc E\cn ^\lth human plasma prepared asith barium, discrepancies between various thrombo- 
plastins persisted The authors point out the apparent comple\ity of the factors involved This again 
emphasizes the dl^Ecult^ in quantitating the prothrombin test and in comparing results of various labora- 
tories using different thromboplastin preparations 

CAP 

Dicumarol Poisoning A J Draper, Jr From Charlotte Memorial Hospital, North Carolina J A M A 
i }6 171-171, 154S 

This case report of a patient tshose self medication with 8 or 10 ' tablets of dicumarol was followed 
b} hematuria, blood) diarrhea, oral bleeding, and multiple ecch)moses, outlines a method of treatment 
for such cases of excessive dicumarolization The patient received 150 mg of vitamin K as synkayvite 
on the first dat (lio intravenousl) in two doses, 30 mg intramuscularly), and 60 mg of synkayvite” 
daily b) \ein on the second, fourth, and fifth da) Response was prompt and sustained 

SE 

Idiopathic Thrombocytopenic Purpura A Study of Three Cases with Speciad Reference to Changes 
IN the Megakaryocytes E H Valentine From Temple University Medical School and Hospital, 
Philadelphia, Pennsylvania Am J M Sc 214 ifio-afiy, 1947 

Bone marrow studies of three cases of idiopathic thromboc) topcnic purpura showed an increase in 
total number and a striking decrease in platelet forming in megakaryocytes These studies give further 
confirmation to the previous report of Limarzi and the careful morphologic studies of Dameshek and 
Miller, and emphasize the importance of sternal puncture in the diagnosis of this form of purpura 

C A F 

Two Cases of Thrombocytopenic Purpura Treated with Fouc Acid T H Grtdley and T R Wauib 
From the Department of Medicine of the Homeopathic Hospital of Montreal, (Quebec), and the 
Department of Pathology, McGill University Canad M A J 77 487-488, 1947 
The first patient described was a 51 year old female who had had attacks of purpura for ten years She 
was found to have a platelet count of 3000 per cu mm , a prolonged bleeding time and positive Rumpcl- 
Lccde test Splenectomy was followed by a remission lasting only a few months Thromboc) topcnic 
purpura again developed and persisted with varying severity for eighteen months The platelet count 
rose and bleeding ceased at this time following administration of 10 mg of folic acid per da) This form 
of therapy was continued for an additional fourteen months without exacerbation of s)raptoms The 
results in this case of idiopathic thrombopcnic purpura arc considered sufficient!)’’ encouraging to justif) 
further clinical trials 

In the second case presented, thrombopenic purpura followed administration of bismuth Since use of 
this drug was apparently discontinued before folic acid was given, the fa’Norablc response described can- 
not be attributed to folic acid thcrap)’’ 

LEY 

Studies on the Intravascular Thromboplastic Effect of Tissue Suspensions in Mice I The Reaction 
OF Mice to Intravenous Injections of a Sedimentable Tissue Component II A Factor in Normal 
Rabbit Serum which Inhibits the Thromboplastic Effect of the Sedimentable Tissue Componevt 
E Thomas From the Department of Pediatrics, Johns Hopkins Unnersit) Medical School and the 
Harriet Lane Home for Intalid Children, Baltimore, Man land Bull Johns Hopkins Hosp St i-qx, 

1947 

Intratcnous injections of suspension of mouse brain tissue into mice were observed to produce gen- 
eralized ataxia, clonic convulsions and coma This reaction was associated with cessation of capillarv 
fiow and formation of cell aggregates along with shortening of the coagulation time The coagulation 
time then became prolonged and the mice were resistant to toxic doses of the suspension The factor in 
tissue suspensions which produced the reaction could be sedimented at 11. ooo r p m , a procedure which 
increased its heat stabilitv The active factor was considered to be thromboplastin and its coaculatng 
effect could be inhibited bv heparin and Congo red Incubation with normal rabbit se'-um was found to 
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inhibit the activity of the suspensions The factor in normal scrum producing the mhibition was found 
within the globulin fraction and was thcrmolabile at 6o°C A second factor, probably calcium alone, was 
shown to be necessary for the inhibitory activity of scrum These observations arc of unusual mterest in 
that thej remove the study of blood coagulation from the highly artificial environment of the glass 
container to in vivo observations Demonstration of the rcvcrsability of coagulation reaction in vivo, at 
least in Its early phases, introduces a new concept 

RSE 

Etude de ii ^ cas db stnde6mes hemorragiques examines bn l bspacb d on an (Etude critiqoe des 

fipREtJVES EONCnONNEUUBS DE I, HeMOSTASe) (StuDY OF I14 CASES WITH HEMOREHAOIC SYNDROMES 

EXAMINED OVER ONE YEAR [CRITICAL STUDY OF FUNCTIONAL TESTS OP HEMOSTASls] ) A TZ/mck, J P 

Soulfcr and S Efros From the National Blood-Transfusion Centre, Pans Rev H6mat a. 478, 1947 

The interest of this detailed study lies in the fact that all the 1 14 eases have been studied with the aid 
of the same technics over one year The first part of the article is a critical study of these techmes The 
hemorrhagic syndromes arc then classified according to the results of tests for hemostasis and the stage of 
hemostasis involved 

The classification w as therefore as follows 

I Involvement of the third, or plasma stage of hemostasis These arc the true disorders of coagula 
non Cc g hemophilia, hypofibnncmia, hypothrombincmia, anti-coagulants) 

X Disorders of the second, or thrombocyte stage of hemostasis (c g thrombocytopeme purpuras and 
the very rare thrombasthenias) 

3 The purpuras without thrombocytopenia but with abnormal results for one test (c g blccding-nine 
or capillary resistance) 

4 Hemorrhagic s> ndromes in which all the tests for hemostasis arc normal (c g allergic purpuras, 
dermatologic purpuras, and hemorrhagic syndromes without purpura) 

5 Unclassifiablc syndromes of the Bantt type in which many hemostatic factors arc involved 

The article ends with some therapeutic applications, in particular the necessity of studying the niega^ 

karyocytes in the marrow before every splenectomy, and the importance of ncuro endocrine factors m t 
involvement of the first or parietal’ stage of hemostasis 


Fundamental Working Concepts in the Study and Management of Patients with AbnorW^ 

Bleeding L M Tocantins From the Department ofMcdicinc,Jcfferson Medical College and ospi 


Philadelphia, Pa Amcr Practitioner 2 479-485, 1948 ^ 

This paper elaborates on the thesis that abnormal bleeding results from an upset in the balance t ^ 
hemostatic functions and forces exerting stresses on the vessels The various extrinsic (.p 
chemical trauma) and intrinsic (muscular contractions, blood pressure, etc ) forces which are ° 
regarded by the practitioner, arc enumerated and their importance with respect to diagnosis an 
IS emphasized 'The use of splints and clastic bandages in the management of bleeding m hemop 
illustrated, and the necessity for minimizing surgical trauma in these patients is stressed t v y 


The HEMORRHAGIC TENDENCY IN congestive Splenomegaly (Banti s Syndrome) L 

the Division of Hematology, Department of Medicine, Jefferson Medical College an P 
delphia, Pennsylvania J A M A 6 i6 -6 li, 1948 . ^ j, j snifr 

This is a discussion of the ctiologic factors of the hemorrhage in Banri s syndrome, 
of XL patients in whom the diagnosis was made All xx patients had v arious ^ spleen m*'’ 

which hcmatcmcsis and mclena were most common (17 patients) It is pointe out t j^gspital. b-' 
shrink with acute hemorrhage, so that it is not palpable on admission of the 
becomes palpable only several da) s (as long as ten days) later The pcriodicit> o cpi 
IS considered to be due to a qclc of (i) gradual increase in portal ^ going 

rupture of vessels (esophageal, gasme, hemorrhoidal), which results in (3) The 

decompression, which ultimatcl) gives rise to (5) another increase in port 
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uuscs of bleeding arc (i) ^arIccs of the esophageal and rectal veins, with weakening of the vein walls 

t inning o t n^ucosa oserlying these veins, (3) thrombocytopenia, (4) hypoprothrombinemia due 

o epatic amage reatment in such eases includes the use of transfusions, vitamin K, bed rest, and 
pressure at the site of bleeding, if necessary Splenectomy is as performed in 9 of the iz patients, with 
improsement and long survmls in most 

SE 

Throsiboplastic Properties of Penicillin and STRErroNnciN D 1 lAacht From the Department of 
Pharmacolog)^ Sinai Hospital, Baltimore, Maryland Fed Proc 6 160, 1947 
Instigations of the effect of penicillin on the coagulation time arc somewhat confused at the present 
me oldossky and his co-workers (Science 102 38, 1945) first pointed out that the parenteral or oral 
ministration of penicillin to normal subjects was followed by a marked fall in the coagulation time of 
the bbod The degree of reduction was insersely correlated with the level of penicillin in the blood, but 
the effect persisted after penicillin was no longer demonstrable in the blood Hines and Kessler, on the 
o cr and (JAMA 22^ 744, 1945) found that pcnjcilhn sometimes aggravated the effect of heparin 
0 c , tended to increase the coagulation time} in certain patients 

Macht, in this report, found a reduction in the coagulation time of patients receiving parenteral peni- 
m (or streptom) cm), but was unable to find such an effect in patients with hemophilia Some xoo 
m les were therefore carried out on rabbits and cats, which showed a shortening of the coagulation 
me after the injection of penicillin Penicillin acted within thirty minutes to cause a reduction of the 
oagulation time, and continued to act for several hours Penicillin X was found the most potent in this 
sgar , pemcillin F, weakest, and penicillins K and G, intermediate (Sec also Macht, Science loj 

3^-314. 1947 ) 

Clinical significance of these findings must await evaluation of these and contradictory results, espe- 
y those of Fleming and Fish (Brit M J a 141,1947) These authors found that a concentration 
0 penicillin as little as 340 unit) per cc increased the coagulation time of blood, and ii,oco units per cc 
t result in incoagulability They were led to their investigations by the finding that apicectomy, a 
procedure which requires good local coagulation of blood for its efficacy, was being hampered by 
^ of coagulation in patients who had had pcniallin powder instilled into the wound They suggest, 
w ore, that penicillin not be used locally if coagulation is important, but comment that the parenteral 

use of penicillin, which results in small unitage of the drug in the blood, has no effect on the coagulation 
time 

SE 

PtntpDRA AND Intussusception H Wolfsohn From the Fulham Hospital, London, England Arch Dis 
Childhood 22 Z4z-i47, i54y 

The author reports the combination of Henoch-Schonlein purpura and intestinal intussusception in 1 
S year old child Four days before admission to the hospital, the patient suddenly developed migrating 
polyarthritis, involving successively the knee, the elbow and the wrist, and then complained of set ere 
abdominal pam and purpuric spots on the buttocks and arms On physical c\amination, in addition, a 
mass was felt in the right iliac fossa Blood studies showed no thrombocytopenia, and bleeding time, 
coagulanon time, and tourniquet tests were negative At evploratory’^ operation, an ileo-ileal intussuscepi- 
tion was found and repaired The boy subsequently recovered completely, e\ccpt for a single attack of 
abdominal pain plus bloody stool si\ months after operation 

There arc nineteen prcMous reports in the literature of intestinal intussusception in association with 
Henoch-Schonlein purpura Sixteen of the total of zo cases occurred in males, but both Hcnoch-Schonlcin 
purpura itself, and intestinal intussusception w ithout purpura, are more common in males than in females 
Joint pains were present in 11 of 17 reported cases, and purpura was present in all zo 

The coincidence of the tw o conditions — intussusception and purpura — is too great to be accounted for 
' chance The author considers explanations for this coincidence, and notes that it is probable that 
cxtratasation of blood occurs into the tarious coats of the small intestine, the resulting mass of sub- 
mucosal blood fatoring intussusception Recosen from this complication occurred in iz of the zo cases 
m the literature, cither spontancoush or following operatne interference The causes fo' the purpura 
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which IS supposed to be allergenic, remain obscure, in this ease, there is as no evidence in family or piticnt 
for allergy 

SX 


LEUKOCYTES AND LEUKOCYTIC DISEASE 

ExPERisfBNTAL Attempts TO Transmit Intectious Mononucleosis TO Man A S Evans From the Section 
of Prcicntative Medicine, Yale University School of Medicine, New Haien, Conn Yale J Biol ^ 
Med an 19-^6, 1947 

Twenty -one experiments mth human volunteers were carried out in an attempt to transmit infections 
mononucleosis by means of serum, whole blood and throat slashings Transitory simptoms consistioj 
of pharyngitis, lymphadenopathy' and ly mphocy’tosis 11 ith atypical cells appeared in t few subjects, bnt 
in no instance did an unequivocal example of the disease develop Failure to transmit the disease may bn 
due to extreme lability of the agent or low degree of suceptibility of the 17 subjects These results indiatc 
that the refusal of some blood banhs to accept individuals who have a past history of mononucleosis » 
overcautious 

RSE 


Infectious Mononucleosis A Review B R Geniiel and J E Cottrtll From the Medical Service, Veterans 
Administration Medical Teaching Group, Kennedy' Hospital, Memphis 15, Tenn Am Practitioner a 
472.-478. 1948 

Nearly all of the important aspects of infectious mononucleosis arc discussed bneflv m this up-tO'n*^^ 
review with well-chosen bibliography Of particular interest arc the references to jaundice, thrombo- 
cytopenia, recently reported autopsy and biopsy findings and experimental transmission of the disease 


Graves Accidents de Suffocation dans Deux Cas dk Mononucleose Infbctieuse (Serious Coupon 
T ioN OF Asphyxia in Two Cases of Infectious Mononucleosis) A Lcmterrc, M Mvr/n and M ^ 
Bull ct mfm Soc mfd d h6p dc Pans, 51-54, Jan 16,1948 

The first case is that of a pseudo-phlegmonous throat infection The finding of Klcbs-Loenler 
in the throat, led to the injection of 100,000 units of scrum The general condition was good, the te ^ 
perature was 39 7°C The blood count showed 5,610 00 red cells, and 11,000 white ceils of which 0 
per cent were polynuclcars On the eighth day of the disease, the movements of respiration began 
obstructed both behind and below the sternum Rcspiranon which had been noisy' for several days 
became more difficult The dyspnea increased the following day and the patient died 
ninth day of the disease Pericardial puncture provided 10 cc of liquid which gave a positive au 
reaction No autopsy was performed 

The second case characterized by the seventy' of the pharyngeal signs, also caused one 
diphtheria (the culture was aegauve) A diagnosis of infective mononucleosis w'as made from t 
count (16,000 Icucocy'tcs, of which 42. per cent were polymorphs) and the positiv c Paul of 

Laryngoscopic examination showed massive hypertrophy' of the lingual tonsil which resem 
the pharyngeal tonsil, and appeared to be responsible for the severe dyspnea stefliam 

On the sev enth day, the dyspnea increased w ith obstruction both above and be ow 
Tracheotomy was performed The signs disappeared and the tube was removed on t c tv 

Cure resulted . ,s pos'iW' 

The authors attribute the progrcssiv c dyspnea to the sev crity of the phary ngea gi 
that a neurologic factor plays a part and the torpor of the two patients w as intense of 

We think that it is interesting to note these obscn-ations which, added to the mononJ 

of the spleen, show that prognosis should be reserved despite the usual benignity o m 

clcosis j 
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Aotte Infectious Ltniphocytosis S Israels Winnipeg, Manitoba, Canada Am J Dis Child 74 

711-714, 1947 

The author gives a brief revieiN of the literature on acute infectious lymphocytosis and reports the case 
of a 4 year old girl t\ho appeared to be suffering from this disease She had vomited, was drowsy, had 
enlarged tonsils and an injected phar)n\, but spleen and lymph nodes were not palpable The highest 
white blood cell count was 39,350 at tshich time there were 69 per cent small lymphocytes Four days 
later when the lymphocyte count was the same, there were 8 per cent eosinophils, a finding also noted by 
others Tibial marrow show’ed 2J. per cent lymphocytes Sheep cell agglutination test was negative The 
spinal fluid was not examined 

There is an apparent need for studies on the ctiologic agent of this disorder 

LEY 


La Neutropenie Famiuale (Familial Neutropenia) J Bousser and R Neydi Sang 18 5x1-519,1947 
The authors present a study of a very rare affection, observed by Gansslen in 1941 in 4 families 
They describe here 3 members of the same family with a permanent leukopenia of between 1,500 and 
3,500, with a neutropenia of between 35 and 50 polymorphs, without modification of the Arneth count 
The red cell and platelet counts (in the case in which these last were estimated) were normal Nothing 
abnormal was found clinically, the general state of health was good and the condition was discovered by 
chance These subjects did not seem to be particularly prone to infection 

In the case most completely studied by the authors, the myelogram showed 49 per cent of granular 
cells and 41 per cent of crythroblasts This defect is transmitted as a dominant non-sex-linkcd character 
The authors discuss the differential diagnosis between this condition, the splenic neutropenia of Wise- 
niann and Doan, the chronic sporadic neutropenias and Fanconi s disease 

One should add that there may be a connection also between this condition and the syndrome recently 
described by Estren and Dameshek (Am J Dis Child 77 671, 1947) 


Conversion of Acute into Chronic Leukemia R Isaacs From the Hematology Laboratory, Michael 
Reese Hospital, Chicago Fed Proc 6 394, 1947 

Six patients with acute leukemia (blasts in the peripheral blood) showed a change in the blood picture 
to that of chronic leukemia, plus an associated remission in the clinical picture, after the oral ingestion 
of crude tyrosinase Details are not given, and no follow-up is reported, beyond the statement that the 
patients lived from five months to one year after the initial diagnosis of acute leukemia 


Changes in Blood Lymphocytes in normal and resistant Rats following Traumatic Shock D D 

MunroandR L Noble From the Research Institute of Endocrinology, McGill Univ crsit> Fed Proc 

tf 168-169, ^947 

The production of traumatic shock in normal rats was found to be accompanied by a marke re ative 
and absolute lymphocytopenia in the circulating blood The greater the trauma, it was found, the greater 
the reduction in lymphocytes In all cases which survned, however, the Ijmphocytes had returned to 
normal with forty-eight hours When shock was so severe that death ensued, the most se\ere depression 

of lymphoq tes occurred j i, k 1 

When, howe\er, identical trauma was applied to trauma-resistant rats, it was foun ^ t c in t 
1) mphoc) te le^el was higher than m trauma-sensitn e rats, the fall in 1) mphoc) tes less, and thtrecoscry 
quicker The authors belie%ed, therefore, that the degree of resistance could be related to the l)mphocytc 
lc\el after trauma , u 

These are further studies in line w ith the general thesis that the h mphoc) tes an h mp oc) te pr 
>ng areas of the bod> are important in the immune mechanisms of the bodj 
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Studies on adrenocortical function in relation to lymphatic leukemia L Ltvtn From the Depan 
ment of Hematology, Michael Reese Hospital, Chicago Fed Proc 6 ayo, 1947 
The author presents further evidence of a possible relationship between the adrenal cortex and Ipn 
phatic leukemia, in line with the studies of White and Dougherty of a reciprocal balance between adrenal 
cortex and lymphocyte-producing centers of the body The present work attempts to discover the nimtc 
of the anatomic alterations in the adrenals of mice with lymphatic leukemia 

In Furth s AK strain of mice, lymphatic leukemia is associated with an increase in the size of Ac 
adrenal glands, but this occurs only in males (38 per cent increase) and not in females (5 per cent inaciic) 
Levin analyzed the adrenals, and found that in all mice, male and female, with lymphatic leukemia, tic 
concentration of the cholesterol in the adrenal was lower after leukemia (7. 64 pier cent) than before leu- 
kemia develops (4 78 per cent) He found too that injection of pituitary adrenocorticotrophic hornioct 
did not affect the course of the disease or the alterations in the adrenals, even though it was given from 
the time-bf transmission of leukemic cells Attempts to study the excretion of 17-kctostcroids in cluucil 
patients with lymphatic leukemia, in order to test their adrenal cortical activity, yielded equivocal 
results 

These results suggested that there rmght well be a relationship between the adrenal and lymphatic 
leukemia, although they did not prove such a relationship 


The Poverty of the ImmuNoloqiccal MEcmANisM in Patients with Hodokin s Disease I N 
The Division of Pathology and Bacteriology, University of Tennessee College of Medicine, Memplii*i 
Tennessee Ann Int Med ay 898-913, 1947 

Records of z6x patients with Hodgkin s disease were reviewed for evidence of their ability to ^ 
antibodies Only i of 38 patients showed a positive tuberculin in contrast to an expected frequency 0 
per cent There was likewise a low incidence of positive serologic tests for syphilis and apparent ma 
to make antibodies against Brucella and typhoid vaccine , 

The authors feel that this immunologic deficiency is attributable to the damage to the ren ^ 
thelial system by the disease, and that this explams the susceptibility of these patients to bac 
fection ^ ^ P 


Relation of the Adrenals to Immunity A White From the Department of Physiologica 

Yale University, New Haven, Conn Bull New York Acad Med 24 16-31, 194® inunurnty 

The author presents a brief review of the newer concepts of hormonal factors concern m 1 
a field in which he and his associates have made important contributions Parucular reference , 
the effects of adrenal cortical steroids in stimulating the development of phagocyoc ce s 
structures and in accelerating the release of gamma globulin from lymphocytes It is or 

that these steroids may produce an elevation of antibody titre either in a hypcrimmuni a 
a previously immumzed animal with no circulating antibody Such observations suggest foli 

that pituitary-adrenal cortical control of lymphocyte structure and function may play an jt u 

in anamnestic responses and may explain why various unrelated stimuli produce t tbi' 

acknowledged, however, that antibody production docs not cease in adrenalcctomiK jdrei’*'* 

other recent experiments make it clear that much remains to be learned concerning t e re a 
and other endocrine glands to immunity L E 

f)sE OF Fouc Aod Derivatives in the Treatment of Human Leueeaha L M Afry 

_ . _ . -r, VT C,- rn QO-IDt. 194° . n' 


SE OF Fouc Aud Derivatives in the Ireatment of nuMAN ^ 

County Hospital, Brooklyn, New York Tr New York Acad Sc to on tb' ® 

‘ This IS one of a senes of articles (m the same publicauon) comprising a sjoib'"’ 

several derivatives of fohcaad in neoplastic diseases Other aruclcs K mphoma, 

of anti-folic acid compounds, and their employment in carcinoma, s 
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chicken sarcoma The present report discusses experience with such compounds in chronic and acute leu- 
kemia, and multiple m}eloma 

Several different compounds were used Tcroptenn or pteroyl-diglutamyl-glutamc acid was used 
without effect on blood, bone marrow, Iner, spleen, or lymph nodes, in x cases of multiple myeloma, 
1 cases of chronic myelogenous leukemia, and 7 cases of chronic lymphatic leukemia In an additional 
patient with acute ( lymphoblastic ) leukemia, however, there was a fall in the number of white cells 
and blasts in the peripheral blood, a reduction in the percentage of blasts in the marrow with a corre- 
sponding increase in mature lymphoc) tes, and some transitory clinical improvement There was rapid re- 
lapse, however, and death 

Diopterin (pteroyldiglutamic acid) had a similar effect in one other patient with acute lymphoblas- 
tic leukemia 

Five further cases of acute leukemia were treated with two other derivatives of folic acid, which have 
anti-folic-acid actnity in bioassays pteroyl-aspartic acid and methyl-folic acid Similar results were 
noted in all these cases, namely, a reduction in the total white count in the peripheral blood, a reduction 
in the percentage of blasts, and a tendency for similar changes within the bone marrow All these effects 
were transient, although their importance is suggested by the author s comment that the possibility that 
their occurrence was spontaneous, rather than related to the medication, was, according to his ex 
pcrience, negligible 

Regardless of hematologic effect, all treated patients, both in this and the other series (carcinoma, 
sarcoma, myeloma), felt clinically much improved It was suggested by Gcllhorn, in a discussion of this 
paper, that this effect was not specific and might be related to the known feeling of well-being following 
the use of glutamic aad in mental disorders This discusser emphasized, too, that the results reported were 
fragmentary and not necessarily attributable to the various drugs utilized They arc at least, however, 
suggestive, and further reports will prove of interest 

S E 


TRANSFUSION JAUNDICE 

Homologous Serum Jaundice IN Recipients OF Pooled PjLASM A I J Brigbtmati and R F Rams From the 
New York State Department of Health, Albany, New York JAMA i}} t94® 

The authors investigated the incidence of homologous scrum jaundice in patients who were given 
plasma for therapeutic purposes, and the incidence of plasma transfusions in patients whose death was 
wholly or partly attributed to hepatitis No attempt was made to make a complete survey of each 
case, but the study was done in such a way as to give more or less minimum incidence value The site of 
stud) was New York State, exclusive of New York City, and the time, apparently, was 1946-7 
Of 645 patients who received dried pooled plasma, hepatitis subsequently occurred in zg (4 3 per 
A statistically significant variation occurred with age 8 7 per cent of 13X patients over 50 dcvclopc 
hepatitis, X x per cent of 319 aged xo to 50, and none of 78 aged under xo No jaundice occurred in i,597 
household contacts of the recipients of the plasma, including 56 contacts of jaundiced patients Calcu- 
lated on the basis of an estimated 15,000 persons receiving plasma per ) ear in the area inv olv ed, a v ear \ 
figure of some 675 cases of hepatitis might be anticipated It was impossible to determine which lots of 
plasma might have been responsible, although a minimum figure of 4 7 per cent of all the lots use v as 
calculated to have been icterogenic 

Of 51 deaths due to acute hepatitis, 15 patients (30 per cent) had received transfusions in t c '>ix rnont s 
preceding death Of these, ix had received onl) plasma, 1 had received both plasma and blood, and onl) 

2- had received onl) blood American Red Cross dried pooled plasma was used in these cases as well as 
in the entire studv . 

Granted incompleteness of the investigation, the results presented seem to give minimum va uc 
icterogenicit) of pooled-plasma lots The authors suggest two methods of dealing with the situation 
ultrav lolet irradiation of plasma as part of its processing, and (x) substitution of albumin v hich can . 
heated to destrov the v irus before distribution, for whole plasma 
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BLOOD CLUB 


The first meeting of the newly organized Blood Club was held at Atlantic Cit)’ 
on the evening of May x, 1948, just prior to the meetings of the American Society 
for Clinical Investigation and the Association of the American Physicians The 
meeting was organized by a committee consisting of William Dameshek (Boston), 
Carl V Moore (St Louis), and Maxwell M Wintrobe (Salt Lake City) One 
hundred and eighteen were present at the dinner and another or 30 appeared for 
the after-dinner discussions Two subjects were taken up (i) newer aspects in th 
pathogenesis of pernicious anemia, and (l) hemolytic mechanisms The first sub 
ject was in the form of a round table discussion with the following panel Max^vel 
M Wintrobe, Moderator, Tom Spies, William B Castle, Frank H Bethell, Carl \ 
Moore, W H Sebrell, Joseph M Ross, W Jacobson (Cambridge, England) 
Robert W Heinle, George E Cartwright, and Thomas Jukes 

The panel was asked to discuss the following questions Do patients with per 
nicious anemia respond to heptaglutamate or to the Di- and Tri-compounds? Does 
PGA do anything in sprue that liver extract does not? What is the present stat^ 0 
Wills Factor? What is the present status of experimental anemias designed to eluci ate 
the pathogenesis of pernicious anemia and related disorders? How does one exp a 
the role of PGA and liver extract in these conditions? What is the significance 0^ 
the inhibitors? How is the action of thymine explained? What is the signi can^ 
of vitamin Biz? What is the relation of PGA to the neurological changes m 


and to glutamic acid metabolism? , j 

Much of the discussion centered aroimd the physiologic activity of folic 
Its conjugates and the possible relationship of these substances to liver e 
Drs Heinle and Bethell emphasized the rather confusing experimenta res 
patients with the use of folic acid conjugates Drs Wintrobe and Cartwrig^^ 
cussed the production of megaloblastic macrocytic anemia in swine to 

of folic acid inhibitors Good results were obtained with folic aci m co 


the negative results obtained with liver extract j^u 

Dr Sebrell discussed his work with folic acid in experimental j^jcious 

kopenia Dr Ross discussed the neurologic lesions developing in cases^o^^^^^^^ 

anemia following long continued use of folic acid as the so ^ 'j^jeterious 

pointed out that the glutamic acid in the folic acid molecule effect 

to the central nervous system tissue However, no definite eyi con 

was brought forward, although some work on brain tissue s ^gj^oracon^ 

firm these observations On the other hand, Dr Jukes of t e e jp 

presented data indicating that folic acid, when allowe to mentioned hj 

the Warburg apparatus, showed no effect on brain tissue r P m s' 

work with thymine and suggested the concept that thymine ■' 

probability a disorder of nuclear metabolism, especia y 
product of nucleic acid degradation 
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Dr Cistic poimctl <nii ili u the iiUKKltation tif folic acid and the work with the 
Mrious fohe acid coniuqitcs had resulted 111 consulerahlc confusion as to the 
ctioloqic picture of |x;rnicious inemn This w is Iicartil\ agreed upon by various 
other sjvakers 

Tile suhiect of heinolv tu incch inisins ms discussctl in a more orthodox fashion, 
three speakers taking up different points of \ icw regarding tlie mechanisms in- 
vohed in c\tcsM\c hlooii destruction Dr William H Castle (Boston} discussed 
the mechanical aspects of hcmol\sis with pirticiilar reference to the mechanical 
fragilit\ of the red blood cell lie pointed out that agglutinins and other abnormal 
substances might result in increased meehanicil fragilita of the red blood cells, an 
important ph\ siopathologic mech inism in red cell destruction Dr LawTcncc E 
Young (Rochester, N ) described some of his recent work wnth immune anti- 
bodies in hemohtic ancmi i ind the production of auto- and iso-agglutinins in 
dogs Dr Whlliam Danieshek (Boston) discussed d^normal agglutinins and their 
presence in icquired hemohtic inemia, the dilTerentiation of acquired hemolytic 
anemia from the congenital tapes In scrum antibod} determinations, and the cor- 
relation of the presence of inribodies with a diminished survival time He also 
pointed out that the antibodies of an abnormal t) pc could be found in the hemo- 
1 } tic crisis of congenital hemol) tic jaundice In addition he presented observations 
of the rcticulocvtopcnia and panc> topenia occurring in cases of hemolytic crisis, 
indicating possiblv a hypcractivit) of the spleen wnth resultant marrow inhibition 
and maturation arrest The spleen in hemolytic anemia might have 3 functions 
phagocytosis, inhibition, and antibody production Observations in a recent case 
of hemolytic anemia associated wnth chronic lymphatic leukemia were cited, in 
which the picture of excessive blood destruction and of antibody formation were 
abruptly terminated following splenectomy, indicating that the spleen might well 
be a source of antibody production 

The meeting closed after ii p m It was decided that the organization should be 
continued and that another meeting be held at approximately the same time next 
year It was also decided that the group would continue on a very informal basis 
and that participation by anyone interested in the field of hematology would be 
invited The roimd table type of discussion seemed to be in greatest favor with the 
audience, but it was decided that the exact type of program for the coming year 
would be decided upon by the committee 

MEETING OF FLORIDA ASSOCIATION OF BLOOD BANKS 

A meeting of the Florida Association of Blood Banks was held in Maami, Florida 
on May 7-8, 1948 This meeting, sponsored by the Dade County Medical Associa- 
tion, was organized by Dr John Elliott, Director of the Blood Bank and of the 
Medical Research Foundation of Dade County A large number of workers in the 
field of blood and blood substitutes was invited to participate 

Dr Alexander S Wiener (Brooklyn, NY) discussed the heredity of the Rh 
blood tyjjcs and gave a clear exposition of his genetic theories and nomenclature 
m that field Dr Philip Levine (Raritan, N J ) discussed the Rh factor with partic- 
ular reference to the CDE nomenclature of Race and Fisher and disagreed sharply 
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With Dr Wiener’s viewpoints Dr Ernest Witchsky (Buffalo, NY) described his 
9 drop test’ ’ for antibodies in the blood of the infant with erythroblastosis, and 
in addition made other observations regarding the use of antibody determinations 
in the mother for the detection of the presence or absence of erythroblastosis in 
the newborn infant Dr Louis K Diamond (Boston) described his technic for 
exchange transfusion in the treatment of erythroblastosis, pointing out the vanous 
advantages of the umbilical vein canalization method with the use of plastic 
catheters The mortality figures over a period of xo years were impressive, indi 
eating that with the newer technic, 90 per cent of infants with erythroblastosis 
may show complete recovery 

Dr Virgil H Moon (Philadelphia) described his investigations in shock uode 
various conditions and pointed out the fallacy of the term “lower nephron nepfaro 
SIS ’’ He advised the use of the term “tubular nephrosis” for the degencrativ 
changes occurring in the kidneys imder shock 
Dr John Scudder (New York) described the technics in use in the Burn Chau 
of the Presbyterian Hospital, pointing to the necessity for plasma and whole blooii 
transfusions to maintain blood volume and blood counts He also emphasized the 
necessity for a “Burn Team ” 

Dr William Dameshek (Boston) gave a general discussion of anemia, its diag 
nosis and treatment, including recent investigations of the antibodies in associa 
tion with hemolytic anemia Dr Louis Pillemer (Cleveland, Ohio) desaibcd 
work in the characteristics and purification of plasma proteins and his contri 
tions to the chemical nature of complement Dr Elmer de Gowin (Iowa 
described the use of whole blood and plasma products, giving a general discussion 
of transfusion technics and blood banking , 

Captain Lloyd Newhauser (United States Navy) discussed blood bank 
in the event of an atomic bomb explosion when, for example, five bombs img 
liberated over a large center of population , 

The- final two papers were presented by Dr John Elliott who describe lo 
tions for blood plasma and red cell transfusions, and by Dr Robert © 

Louis) who discussed the use of amino acids as a means of supplying p^ 
protein 

AMERICAN BLOOD BANKS ASSOCIATION CONFERENCE 


A meeting of the American Association of Blood Banks will be held Aug^ 


,6'i® 


A meeting or tne American Association or diooq Soci ^^ 

in Buffalo, N Y , following a meeting of the International Hemato 

there The Association was organized in Dallas, Texas, Nov 19, i947» 

natc information relating to blood banking, to unite blood banks 

to tram personnel, and to promote similar services throughout t c 

and Its territories Membership is of two classes institutional, aval 

profit, independent banks including those operated by A M A R' 

and individual, available to any person interested in blood ban pL B. 

applications or information may be addressed to Mi^s Marjorie 

Secrctarj% American Association of Blood Banks, 3301 Junius 



IN mi:m()riam or dr mans iiirsciifeld 


\\'hcn I met Dins HirschfcUi foi the first time, he wis ilrc.icly numbered among 
the leidmq hemitologists of tlieisorld IIis rise had been diflicult, since he was a 
pupil of Pippcnhcim, \shosc pitln criticism spired no one Tlius Hirschfeld had to 
obtain Ins place in the sun In liqiitinq in the shadow cast by his great master, and 
he owes his reputation to Ins ow n scienrifie importance It w^ould be carrying coals 
to Ncw'castlc to cnumerite Ins numerous morphologic, clinical, and c\per]mental 
works and tr\ to appreei ate their importance Hcw'ismuch too modest and always 
harried b\ critical considerations, he disdained to lay stress upon his opinions, 
feeling sure that their correctness would be proved He contended himself with 
expressing them, and he examined conscientious!) every objection with which 
he was confronted 

When I went to sec him in Rcrlin after iin release from the Dachau Concentration 
Camp in 19^0, 1 found him in back premises in a little room, almost squeezed in by 
his many books He had been forced to quit his situation at the Cancer Institute of 
the Chante Hospital He wms allowed to attend only jew'S, and had been eliminated 
from the editorship of the Folia Haematologica Since the establishment of that 
journal b\ Pappenheim, Hirschfeld had labored for the perfection of that work 
under the greatest of sacrifices, and, after the shock of the first world war, had 
quickly regained for it its original international reputation It was a grievous 
blow to him w'hen his successor, devoted to national socialism, turned him away 
Nevertheless, he uttered no word of complaint Menaced most seriously in his 
existence, banished, the threatening cloud of the persecution of Jews ever harrying 
him and his family, Hirschfeld wms an afflicted but by no means a broken man No, 
he WMS a man who still took the liveliest interest in science and research A pre- 
sentiment that there would be no meeting again hovered over our last conversation 
and farewell Afterwards we wrote one another several times Then, the greetings 
on postal cards, signed onl)'’ by an ‘ H,” failed to appear 

In the summer of 1945, a- letter from Mrs Hirschfeld informed me that her hus- 
band had died in the ill-famed Auschwitz Concentration Camp 

No tombstone adorns his grave Even a last place of rest was begrudged him, who 
had worked so restlessly for the welfare of mankind His works are a lasting 
monument to him Those who knew him know what we lost by his death He will 

ever remain a bright example to them of physician and man 

A Hittmair, M D 
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L(7 NowM/z-Nif (Hemolytic Disease of the Newborn) ByM Bessis Pans, Masson 

&. Cie, 1947, 148 pp 

The physical isolation imposed by the Nazi regime on Europe during the period of I939~i945 resulted 
simultaneously in a barrier to the read} exchange of scientific ideas This volume, then, is all the more 
remarkable in that ^Mthin the short space of two years, its author was able to read the voluminous liter 
ature on the subject of the Rh factor, adapt its specialized technics in his laboratory , and carry out clmica! 
and experimental research on several aspects of the problem of diagnosis, pathologic ph) siology and 
treatment of Rh incompatibility and to organize his experience into this excellent summary 

The book is fundamentally a critical summation of the currently available knowledge of the Rh factor 
and Its etiologic role in hemolytic disease of the newborn It has the excellent qualities of careful organt 
zation, a clear manner of exposition, completeness without being overburdened with unnecessary chaff, 
and careful scrutiny of the various theories purporting to explain the mechanism of action of Rhincom 
patibility The opening chapter is devoted to a discussion of blood groups and red cell antigens in general 
This IS followed by a description of the clinical, hematologic and pathologic findings in hemolytic disease 
of the newborn, weakened somewhat by the occasionally poor quality of the photomicrographs used as 
illustrations An interesting discussion of some of the fundamental physiopathologic mechamsms of this 
disease is then presented, in which the author details and discusses his own work in this field, and the 
didactic sections of the book conclude with a discussion of treatment One of the most helpful secuonsn 
the appendix, in which the author details methods of interrogation, blood grouping and performance 0 
various diagnostic serologic examinations 

This book was expressly written to acquaint French speaking physicians with the latest developro®^ 
in the field of Rh incompatibility However, it is so well compiled and crmcally presented that alio ^ 
physicians who read French will profit by it 

^ ^ / Jacob Nebej 
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INTCCTIOUS MONONUCLEOSIS 

Bj) Sir HrNR'i TlD^ 

E PFEirrER, a pcdntriuan of Vienna, gave in 1889 the first clear description of 
. the disease which we arc here discussing, under the title Drusenfieber or 
glandular fever He rccogni/cd that it was infectious and occurred in epidemics, 
described accurately the course of the enlargement of the cervical glands in young 
children, though he denied that other glands were involved, and stated that the 
glands never suppurated and that the prognosis was uniformly favorable 
Other obscr\mrs in Germany quickly reported epidemics Spread of its knowledge 
was somewhat slow but Park West (1896) reported an epidemic in America and 
Dawson Wjlhams O897) in England The disease appeared to be successfully 
launched, but the diagnosis in sporadic cases rested on rather indefinite clinical 
features It soon became confused with septic infections, and rapidly fell into dis- 
favor By 1900, It was practically dead No mention of it appears in the Medical 
Histor)'' of World War I, although information subsequently collected proves that 
It was not uncommon It remained in suspended animation until 1910 
It is remarkable that during a period of thirty years, covering rapid develop- 
ments in the knowledge of hematology, there should have been no systematic ex- 
amination of the blood in a condition characterized by enlargement of lymphatic 
glands and often by enlargement of the spleen To this lack of observation there is 
one exception J E Burns, in 1908, fully described the lymphocytosis in two epi- 
demics which he diagnosed as glandular fever, and published a well-documented 
report The communication was completely overlooked and I was unaware of its 
existence until it was quoted by Bernstein ([1940) in his monograph Priority for 
the recogmtion of infectious monunucleosis clearly belongs to Burns 
Nevertheless, the establishment of the hematologic features of the disease did 
not come for practical purposes until 19x0 Spnmt and Evans, in November 19x0, 
published their observations on transient mononucleosis recorded in a senes of six 
young adults during the previous six years They recognized that the condition was 
infectious, observed the general glandular enlargement and gave an accurate though 
brief description of the various types of cells in the blood They were clearly un- 
aware of the existence of Pfeiffer’s glandular fever, and thought they had discovered 
a new disease — a very venial mistake — and named it infectious mononucleosis 
Authoritative articles soon followed Longcope, in described fully the 

clinical aspects He noted the long febrile period which might occur, and suggested 
the possibihty of encephalitis in one case Downey and McKinlay, in 19x3, gave a 
complete description of the cells, beautifully illustrated, to which nothing effective 
has been subsequently added 
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Meanwhile, Morley and I, in June 19x0, recognized the existence of a transient 
lymphocytosis in the case of a boy whom we diagnosed as suffering from glandular 
fever, and we reported it with other evidence at a meeting of the Royal Society of 
Medicine in December 19x0 At that time we were unaware of the article by Sprunt 
and Evans, but our attention was called to it when our article was in type and to 
formed the opinion that it was the same entity In the course of the next few years, 

I saw a number of epidemics in boys’ schools in England, and also cases in adults 

The recognition of the identity of infectious mononucleosis and glandular fever 
was not immediate in America, though Longcope used both terms in 1911, but it 
was probably general by 19x5 The material on which the observations were based 
in America was predominantly from college students about the ages of 18 to v 
years, while in England it was supplied by resident preparatory school boys of 8 1( 
14 years Although any type of the disease may occur at any age, there arc con 
siderable differences, when numbers of individuals are involved, between the dim 
cal manifestations in the two age groups, the glandular enlargement being more 
marked at the younger ages These factors no doubt account for the difference m 
nomenclature, for the disease is invariably known as infectious mononucleosis m 
America while in Britain it is generally named glandular fever On the continent of 
Europie, the disease in young boys is now frequently described as "Pfeiffer sglao^i^ 
lar fever" and that in adults as infectious mononucleosis, the identity of its info- 
tion in the two groups being accepted 

Neither resident college life nor resident preparatory schools arc a part of t c 
educational system in Europe outside Britain, and the recognition on the contmeot 
of a recoverable mononucleosis (other than that of whooping cough) was bas on 
a different typie of material, garbed in entirely other gmse from that presenting 
America and England Deussing, in 1918, reported a series of cases with transie^^ 
absolute lymphocytosis under the title "Uber diphthericahnlicher Anginen 
lymphatischer Reaction" (Angina resembling diphtheria with a 
action) But it was a communication by Schultz in i9Xi, to the Congress 
nal Medicine on ‘Monozytenangina" which first attracted attention to the su 
Both commumcations were based on the same type of material, being m 
patients admitted to a hospital for communicable diseases who had mem 
tonsillitis in which no diphtheria bacilli were found and in whom 


followed without the injection of antitoxin 1 ^^,[[1 

The continental authorities went astray from the start They were 0 
the idea that the development of the lymphocytosis was due to a cons 
peculiarity of the patient resulting in a ‘lymphatic reaction an t , 
angina in other individuals would result in a polynucleosis The 
fection was scarcely considered Secondly, they embarked on a te lou^ 
dispute amongst themselves covering many years as to whether t 
monocytes or lymphocytes They failed to recognize that both t) pes jjgcrcnt 
often present at the same time and that either type might pre the 

penods in the same patient Not until Glanzmann s monograp 
admit that monocytic angina was a mamfestation of infectious j,3thcsi5 

recognize the influence of an infective factor as opposed to a consti u 
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The definite difTerciuntion of monocytic angina from diphtheria was a clinical 
advance of importance, and it is somewhat surprising that so little notice was taken 
of It in American and British literature The identity of monocytic angina with 
infectious mononucleosis \sas accepted without discussion by the specialists on 
communicable diseases, but its existence was certainly not generally known to the 
profession in Britain, even to the commencement of World War II A brief clinical 
description of this tjpc follows 

Monoc\ tic angina or the anginose t) pc of infectious mononucleosis is character- 
ized b) the dc\cIopmcnt of a tonsillar membrane or of ulceration The membrane 
m typical cases is indistinguishable in appearance from that of diphtheria, al- 
though It IS a true membrane, and it often forms very rapidly Edema of the neck 
and tenderness of the enlarged cervical glands is common but suppuration is very 
rare Edema of the fauces causes great discomfort and anxiety, but in spite of this 
and the high temperature, the patient docs not appear to be severely toxic nor does 
he become so, although the membrane may persist for several days or more than a 
week before separating, after whicli the symptoms improve with surprising ra- 
pidity There is a previous period of slight malaise for two or three weeks with 
increasing sore throat, and some glandular enlargement may or may not have been 
observed 

There is no proof that the disease is infectious at this stage or that it spreads in 
this form, although a number of cases may occur in a unit of young adults It is 
possible that the angina is a complication connected with the leukopenia which is 
often present initially, before the mononucleosis develops 

An extensive epidemic in England in 1930 was characterized by the seventy and 
long duration of the attacks and by the high proportion of adults involved During 
an initial febrile period which might last several weeks, the constitutional symp- 
toms in this type are often suggestive of typhoid, and the characteristic features of 
infectious mononucleosis absent Glandular enlargement develops late and is rarely 
of any great extent The blood at the onset may show a definite polynucleosis In 
prolonged cases, this may be observed to subside and for a period the blood count 
may be strictly within normal limits or passing to a leukopenia The mononu- 
cleosis tends to develop about the time of the glandular enlargement and with their 
appearance the constitutional symptoms improve, often very rapidly, and the 
patient becomes convalescent 

Sporadic cases of this type are not uncommon and one instance was included in 
Longcope’s article in i9xx 

Four groups of clinical manifestations have so far here been indicated Qi) 
Pfeiffer’s glandular fever in children, characterized by rapid and visible swelling of 
the cervical glands and a short duration, CO infectious mononucleosis in young 
males with a longer but milder febrile stage and comparatively slight glandular 
swelling C3) monocytic angina and CO febrile types with late and slight 
enlargement of glands 

This grouping was useful while the clinical features of the disease were being 
carefully studied, but the disease is apparently a single entity and every permuta- 
tion and combination of the four groups occur Milder cases often fall fairly clearly 
into one group, but this is rarely so for the severer forms 
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The Beood Picture 

It IS probable that mononucleosis develops in every case of infectious mono- 
nucleosis 

All the blood-forming tissues are affected, myeloid, monocytic (or reticulo- 
endothelial) and lymphoid, but at different times and to different degrees and 
varying in different cases and indeed in the same case at different stages The effect 
on one system may be decreasing while on another it is increasing, thus producing 
the rapid changes in the blood picture which is so characteristic of the disease The 
sequence of the changes is best observed in the long severe febrile cases, but un 
fortunately the diagnosis is rarely made in the early stages 

The myeloid system is earliest involved, but less constantly or severely and for a 
shorter time than the other systems In mild cases, there may be no change in the 
circulating myeloid cells, but in severer forms an initial polynucleosis, such as 
15-10,000 leukocytes with 75 per cent polynuclears, is not infrequent This initial 
polynucleosis is a common cause for the diagnosis being overlooked Polynucleosis 
IS always transient and initial and never develops during the course of the attack 
The rise of the mononuclear reaction may overlap the fall of the polynuclear cells, 
but in the more severe forms this reaction is delayed and the blood count becomes 
within normal lirmts and may remain so for two or three weeks or more, or may 
fall further to a leukopenia before the mononucleosis appears Leukopenia is fairly 
co mm on at the onset or during the course of severe cases before the mononucleosis 
develops It is mainly due to granulopenia but even the lymphocytes may fall l^^ 
milder climcal types a mononuclear reaction may be present at the first exami 
nation or within a few days of onset 

The monocytic and lymphocytic reactions overlap, but the monocytic system 
subsides first and a pure lymphocytosis is finally left So rapidly may alterations 
take place in the types of white cells and their number and so great are the di 
ences in different cases that no single blood picture is exclusively typical 0 t c 
disease But most characteristic during the active stages is the presence simultanc^ 
ously of various types of mononuclear cells, particularly with a high incidence 0 
monocytes, an appearance rarely seen in any other disorder of the blood 

Heterophil Antibodies 

Paul and Bunnell (1932.) made the curious discovery that heterophil 
develop in high titer in human serum in infectious mononucleosis and in no 0^^^ 
disease, with some ummportant exceptions The development of hetcrop 
bodies and the technic of estimation will not be discussed [^ecomr 

Important questions which arise arc at what stage does the 
positive, and in what proportion of cases is it positive, and does a negative 

exclude infectious mononucleosis exaffl'" 

In the common mild types the reaction is frequently positive at t ^ ,s 

nation, which is usually four or five days after the onset If the 
earlier, the test may be negative or indefinite, the titer rising m t e ^ and 
Owing to the certainty with which the diagnosis can ^ ° cir- 

hematologic grounds, the test is not always repeated Neverthe es , 
cumstances the reaction is positive in nearly 90 per cent 
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But in the severer febrile forms the reaction may remain negative during several 
weeks of p)re\ia and constitutional disturbances, and become positive about the 
same time as the mononucleosis and glandular swelling develop It is striking how 
often the constitutional symptoms rapidly ameliorate within a few days of the rise 
in titer Thus, the development of a positive reaction is related to the end of an 
attack rather than to the onset, and it may well be connected with the develop- 
ment of immunit), as Himsworth (1940) suggested On more than one occasion, 
I have known the reaction to become positive for the first time during a relapse 

The titer has no constant relationship to the severity of the disease, the extent 
of the glandular swelling or to the degree of lymphocytosis The time during 
which a reaction remains positive is very variable, but little more is known The 
titer may fall from a very high dilution to negative in the course of a few days In 
ordinary mild cases, it may become negative within two weeks of recogmtion, but 
It often persists for several weeks and has been found still positive after several 
months 

The significance of a negative test especially arises in epidemics in which all 
results are reported as negative, and in individual cases in which the test is re- 
peatedly negative The question arises whether or not there are two types of infec- 
tious mononucleosis, giving respectively positive and negative reactions There is 
nothing inherently improbable in the existence of two viruses, but tmtil we know 
more about heterophil agglutination, the evidence must be regarded as incon- 
clusive 

I agree with the opinion of Paul and others that a positive reaction is proof of 
infectious mononucleosis and a negative reaction does not exclude it 

Neurologic Manifestations 

The neurologic manifestations of infectious mononucleosis have attracted atten- 
tion recently and quite a number of cases have been recorded in the last few years 
It IS obvious that the presence of infectious mononucleosis in similar cases must 
previously have been overlooked The existence of encephalitis was suspected by 
Longcope (i9ii) and by Glanzmann C1930) but the first clear descriptions of neuro- 
logic features were given by Epstein and Dameshek Ci93^) Johannsen 

The clinical pictures are extraordinarily varied and bizarre, and no two 
cases appear to be quite similar The brain (encephalitis), meninges, cord, cramal 
nerves and peripheral nerves may be affected, cither separately or in combinations 
or sequences There is no constant order in which the ordinary manifestations of 
infectious mononucleosis and the neurologic symptoms respectively develop, or in 
their comparative seventy The glandular enlargement, lymphocytosis in the blood 
and in the cerebrospinal fluid, and meningeal or other neurologic symptoms may 
develop and subside simultaneously, as in Epstein and Dameshek s case In other 
cases, the infectious mononucleosis may run its course and subside to be followed 
by nervous symptoms, lymphocytosis in the cerebrospinal fluid and a normal blood 
picture Or again the symptoms of a bemgn lymphocytic meningitis may be sub- 
siding before the features of infectious mononucleosis appear In this last group the 
blood count may show an initial polynucleosis even with a high mononucleosis in 
the cerebrospinal flmd 
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The symptoms of benign lymphocytic meningitis are exactly reproduced in cer- 
tain of the cases It is also noteworthy that in the more severe neurologic forms, the 
blood changes tend to be late and the glandular swelling slight as with other 
severe types of infectious mononucleosis 
The heterophil agglutinins have been estimated in all recorded cases since 1938 
and the test always has been positive in the blood at some stage with the exception 
of two cases in sisters (^Thelander and Shaw 1941), but it has never been positive in 
the cerebrospinal fluid Observers might naturally hesitate to attribute to infectious 
mononucleosis neurologic symptoms with negative agglutination 
Recovery from neurologic mamfestations takes place with extraordinary rapid- 
ity A comatose and paralyzed patient with an extensor-plantar response may be 
apparently normal mentally and physically in three days The question of enceph- 
alitis reqmres further observation Severe headache is the commonest symptom in 
neurologic cases and is also an occasional complaint in ordinary types Children 
and adolescents may take a surprisingly long time, six to twelve months, to recover 
their usual powers of concentration and application after a simple attack although 
apparently physically normal It is possible that this is a sequel of encephalitis 


Association with Jaundice 

Jaundice is now not uncommon at the onset or during the course of the severer 
forms but the association has become frequent only in the last ten or twelve yw^s 
It was not recorded in the epidemic in England in 1930, but in 1935 and 1936 many 
cases were observed in St Thomas’s Hospital (Tidy 1937) and it is now a recog 
mzed complication When occurring at the onset, the jaundice is often of consider 
able seventy and there is nothing to distinguish the clinical condition from aa 
ordinary infective hepatitis As the jaundice subsides, the pyrexia persists and t c 
diagnosis of infectious mononucleosis often follows the discovery of lymphocytosis 
in a routine blood count or the observation of some glandular swelling, w 
occasionally is present at the onset 

Jaundice adds the symptoms of infective hepatitis to the symptoms of mfectio 
mononculeosis but does not appear otherwise to affect the course Jaimdicc is rar 
'severe when developing later in the illness Whether the jaundice is due to a s p 
rate virus cannot at present be determined 


Diagnosis 

Possible errors in diagnosis are numerous and mistakes in practice are not 
ion, but with the transitory nature of ordinary attacks they usually sett c 
elves without important consequences They will not be considered 
In the severer febrile forms, there may be no means of establishing t 
or several weeks This may also apply to onset with jaundice or wit 
ymptoms The possibility of infectious mononucleosis as the The 

ome cases of benign lymphocytic chorio-meningms should be borne m 
,lood changes should not cause difficulty in differentiation from 
jatient is seen in the acute stage In acute leukemia, the toxic symp 

evere 
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An occasion;il but extremely dilbeult diagnosis may be caused by the rare slowly- 
progrcssive chronic Ij mphoid leukemia In the earlier stages, there are periods of 
exacerbation with p\rexi3 and moderate glandular swelling The lymphocytes for 
several ^cars ma^ be onl) at the upper limits of normal They gradually creep up 
and the diagnosis, long suspected, slowly becomes confirmed Diagnosis is espe- 
cially difficult when it is asked for on a patient some months after a pyrexial attack 
with Ivmphoc) tosis considered to be infectious mononucleosis Either lympho- 
C) tosis or glandular swelling may persist for several months after infectious mono- 
nucleosis, but if both features are present for six months the diagnosis must be 
considered to be in doubt, unless it has been fully established I have watched three 
such cases, originally diagnosed doubtfully as infectious mononucleosis, gradually 
develop into fatal lymphoid leukemia or lymphosarcoma over periods of three to 
ten \ears 
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THE PATHOLOGY OF INFECTIOUS MONONUCLEOSIS 


By R Philip Custer, M D , and Edward B Smith, M D 

I NFECTIOUS mononucleosis is not so uniformly a benign self-limited disease as 
IS generally regarded Thomsen and Vimtrup®^ (^93 9 ) reported 6 fatalities in a 
senes of 500 cases treated in the Blegdam Hospital in Copenhagen Two of these 
were complicated by some ocher infection, but in 4 cases death occurred in uncom- 
plicated infectious mononucleosis and was due in each instance to central respira- 
tory paralysis The x aufopstes in this group were the first we found described in the 
literature Jersild^^ performed an autopsy on a patient who had had angina with 
sepsis, but who died of myocarditis attributed to infectious mononucleosis Rup- 
ture of the spleen proved fatal in the patient examined by Ziegler*^ and fatal in 4 
of the 7 cases of ruptured spleens in infectious mononucleosis which we reported 
The autopsy findings in x cases of Guillain-Barre syndrome associated with infec- 
tious mononucleosis were described by Ricker et al in 1947 * 

Pathologic changes in the spleen following surgical removal for rupture have been 
reported by Atlee,^ King,^® Darley et al Davis et al Milne, Vaughan et al 
and Smith and Custer Lymph nodes removed during the active stages of the dis 
ease were described by Gall and Stout^^ who included a review of the literature up 
to 1940 Moeschlin^^ presented his findings on aspiration biopsies performed m } 
cases (puncture of lymph nodes in all 3, of sternum in x, and of spleen in i) The 
bone marrow was erroneously described by Freeman,” but Nordenson,*^ and Limatzi. 
Paul and Poncher” have given accurate accounts of the changes in this tissue A 
biopsy of the Itver performed at the time of splenectomy was illustrated by Davis 
et al ,® and aspiration biopsies have been discussed by Kilham and Steigman, van 
Beek and Haex,®^ and Bang and Wanscher ® 

The aggregate of the findings in this group of scattered case reports is in 
tial agreement with our observations in the following series, although with 
exceptions the descriptions have been incomplete and the tissue changes m 
quately illustrated Moreover, the diagnostic value of histologic appearances 
the lymphatic organs has usually been underestimated The purpose of this pap 
to present as nearly a complete pathologic picture of infectious mononucleosis 
possible 

Material ^ 

This study was based on the following material, most of which was observed while the auch 

T __ I 


on 


duty at the Army Institute of Pathology during the recent 


war 


Autopsies 
Lymph node biopsies 


100 p 


ilu‘ 


From the Laboratories of the Presbyterian Hospital in Philadelphia, and the Arm> 

Pathologj, Washington, D C R.rkeretal gaicattntio" 

* These arc our Cases i and x is hich w e retained in our senes because Ricker et g 
particularly to the neurologic features 
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Bone rnirrow i<;piratcs 
Bone marrow biopsic': 

Extirpated ruptured ‘spleen': 

Toncillar tumor 
Li\cr biop'st 
Skin biop'sie'! 

Causes of death in the fatal cases were as follows 
Spontaneous nipture of spleen 
Guillain-Darrc syndrome 
Nasophartngeal hemorrhage 
Larangeal edema 

Airplane accident (convalescent ease) 

Pathologic Findings 

Repeated reference will be made to the atypical or abnormal lymphocyte, the so- 
called infectious mononucleosis cell We described this cell in a previous paper^® as 
follows ‘When stained lightly with hematoxylin and eosin in thin sections, it 
varies from iz to 15 microns in diameter, occasionally larger, and is round except 
when distorted by crowding The cytoplasm is homogeneous and faintly acidoph- 
ilic The centrally or eccentrically placed nucleus is sharply delineated by a thin 
membrane which blends with the marginal chromatin particles, chromatin is 
irregularly distributed to lend a mottled appearance, and it occasionally forms an- 
gulated bars Indentation and folding of the nuclei can be demonstrated in rela- 
tively few cells It IS virtually impossible to determine in the sectioned material 
whether a true nucleolus is present or not, nor could "fenestrauon” be evaluated 
We regard these cells as atypical or abnormal lymphocytes, closely related to, if not 
identical with, those found in the peripheral blood 
Following common usage we have employed the terms “infiltration’ and ‘in- 
filtrate’’ with reference to the presence of normal and atypical lymphocytes in con- 
nective tissues and as perivascular collars, 1 e , situations where they are not nor- 
mally found We regard the majority of these cells, however, as of local origin and 
probably derived from pre-cxisting cells of the reticulo-endothelial system 

Hemato-potetfC System Lymph nodes were usually but not invariably enlarged and 
displayed a variety of histologic appearances In some instances, follicles were well 
preserved (^fig i) and frequently assumed rather striking proportions (this is prob- 
ably a transient phase) The structure of the follicular centers was not significantly 
altered except for a scattering of abnormal lymphocytes, histiocytes often contained 
cellular debris, and mitotic figures were common findings In nodes such as these, 
the sinus structures were well preserved and contained varying numbers of normal 
and abnormal lymphocytes (fig z) The medullary cords were richly cellular and 
the same lymphocyte admixture was noted here In a lesser number of cases the 
architectural pattern of the node was blurred, follicles being inconspicuous or even 
absent, and the sinus tracery was obscured as result of lymphocytic and reticulo- 
endothelial hyperplasia (fig 3) This change was occasionally so striking as to 

* The immediate causes of death in these 4 cases were hemorrhage (2.), postoperative pulmonarv 
embolism (i), blood transfusion reaction (i) In 3 other cases, the ruptured spleen was removed and the 
patients recovered 


15 plus- 
z 
3 

I 

I 

z 

4 0 
z 
1 
1 

I 





Table i — Dtstrtbution of Lostons tn Nine Fatal Cases of Infectious Mononucleosis 
(+ distinct lesion, ± minimal lesion, — no lesion, blank, no tissue) 



Day of Disease 

Hematopotettc System 
Lymph Nodes 
Spleen (*) 

Bone Marrow 

Resptratoi^ System 
Paranasal Sinuses 
Phar> nx (incl tonsils) 
Tracheo-bronchial Tree 
Lungs 

Cardiovascular System 
Heart 
Aorta 

Peripheral Vessels 

Digestive System 
G-I Tract 
Stomach 
Intestine 
Li\er 
Pancreas 

Genitourinary System 
Kidneys 

Lower Urinary Tract 

Prostate 

Testes 

Endocrine System 
Adrenal 
Th) mus 
Pituitar} 

Nervous System 
Meninges 
Brain 

Spinal Cord 
Peripheral Nerves 

Musculature 

Integument 

Weight of Spleen (gm ) 
Weight of Liver (gm ) 


CaseJSo^ 


S 


AlP No 


151166 

1-16828 


XX 

2-3 

XI 

M 

M 

M 

M 

M 

w 

W 

W 

W 



2J.+ 17 


35? 17 


(None from autopsies, two biopsies positive) 


2.100 i6oo 1630 


150 355 C 4 O 

^ t t ^ 


:ignc ui y I I I \ \ • — - — 

Cause OF Death Cure r, Rcspiratorv paral>sis(Guillain-Ban-e svndrome),Ct/^|R^P 

(Gnillam-Barr 6 s)-ndrome). Case y. Airplane crash, Case 4, nephroa srnAo'^ 

se s Hemorrhage from ruptured spleen. Case 6, Edema of glottis, Cate 7 ^ ffemortfr’ 

■ans’fusion post splenectomv) Case 8, Pulmonan embolism (post splcne.t 
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Fig I Lymph Node A representative 6cld from a node in which the general pattern was preserved 
The follicle illustrated is rather poorly defined, but shows active proliferation in the follicular center and 
lymphocytic hyperplasia in the periphery The sinusoid in the upper left is choked with normal and atypi 
cal lymphocytes Reticulum cell outcropping is noted in the lower right, and the trabecula to the nght 
displays a lymphocyte reaction (X 2^) 

Fig z Lymph Node A medullary cord at higher magnification presents hyperplasia of lymphocytes, 
reticulum cells, and lining endothelium of a sinus The sinus contains normal and atypical lymphocytes, 
one of the latter lying outside of the sinus in the upper center (X 1000) 

Fig 3 Lymph Node An extraordinary hyperplasia observed in a node removed during the peak of the 
illness There is a striking hypierplasia of reticulum cells and abnormal lymphocytes to a degree that the 
entire nodal pattern is virtually obliterated to give the impression of a malignant lymphoma The sinus 
tracery is preserved, however, marked by compact circumscribed aggregates of small lymphocytes (X 
xcx>) 

Fig 4 Lymph Node Higher magnification of the node shown in Fig 3, emphasizmg the resemblance 
to a malignant lymphoma of the reticulum cell type True nucleoli are small and not so conspicuous as 
irregular chromatin clumps and angulated bars Mitoses are plentiful, but never atypical (X 1000) 

Fig 5 Lymph Node Section through periphery showing an afferent lymph vessel on the left, the 
lumen containing large numbers of normal and abnormal lymphocytes The peripheral sinus of the node 
proper (right center) is also distended with round cells, and the capsule has virtually lost its identity hy 
' virtue of the lymphocyte reaction in the connective tissue, this is somewhat more marked than is usu 


CX 2 J 3 o) ^ 

Fig 6 Lymph Node Section through hilum disclosing increased cellularity of the interstices 
packing of efferent lymph channels with lymphoid elements, even more marked than one finds m 
capsule (X 2ax>) 

Fig 7 Bone Maerow There is a moderate granulocytic hyperplasia and a rclauvc immaturity ^ 
cells of this series The small round cells shown in the picture are erythrocyte progenitors Meg 
cytes are increased in number in proportion to the granulocytic hyperplasia No lymphoid aggteg* 
arc present (X 1000) 

Fig 8 Spleen View at low magnification demonstrating a blurred pattern except for promin 

capsular blood sinuses, the sinuses usually contain clumps of normal and atypical lymphocytes ^ 
capsule and trabeculae show dilution and partial dissolution by reason of lymphocytic infiltratio 
the lower right is a small, poorly defined Malpighian follicle, in other cases the folhcles are ar 
prominent germinal centers (X 30) jnfiltf^ 

Fig 9 Spleen A stage in the dilution and dissolution of trabeculae as result of lymphocy tic 
tion (presumably metaplasia of the trabecular connective tissue) (X 2x0) 

Fig 10 Spleen Subendothehal lymphocyuc zone in trabecular veins (X , 

Fig II Spleen Adventitial lymphocytic reaction around intratrabccular artery (X ^ 

Fig iz Tonsil Extensive necrosis with small island of residual lymphoid ossuc 
degree is infrequent and follows ulceration and secondary infection Lack of ncutropm r 
mon but inconstant (X 100) capsul' 

Fig 13 Tonsil Section through tonsillar bed discloses a marked lymphocytic reaction 
(right) and in the interstices of an adjacent mucous gland (left) (X -curring 

Fig 14 Tonsil Section through a rapidly developing unilateral tonsillar 
the acute phase of infectious mononucleosis As in the lymph node illustrated i g 3 
tologic appearances simulate those of a malignant lymphoma (heterophil titrc i co ^ 

Fig 15 Lung Peribronchial connective tissue and interlobular septum 
lymphoid cells, the process involves interalveolar septa as well, rendering the 

nent (X 30) , „ „„„ alveolar exudate, the « “ 

Fig 16 Lung Extensive interstitial pneumomns with virtually no mtra * 
reaction is lymphocy. ic CX 450) ^ 

Fig 17 Lung Lobular pneumonia showing a rich fibrin network suppo » x 

IS almost entirely of lymphoid type (In another case neutrophils predominated) (X 45 
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Fig 18 Heart Focus of normal and atypical lymphocytes in the intersDces of the heart, in most 
instances such collections arc pern ascular in position Slight edema is occasionally noted, but muscle 
fibers sho\\ no structural changes (X 800) 

Fio 19 Stomach An increased number of l)mphocytcs in the tunica propria There is also a conspicu- 
ous zone of round cells on the deep margin of the muscularis mucosa (X 100) 

Fig io Ileum Pc) cr s patches arc moderately hyperplastic (one case) (X 30) 

Fig XI Liver Capsule displa) sal} mphoid reaction similar to that observed in the spleen The con- 
nectuc tissue appears to be losing substance in proportion to the increase in lymphocytes (X 350} 

Fio XX Liver Minimal lymphocytic infiltration of the periportal connective tissue (X xoo) 

Flo X3 Liver Marked periportal lymphocytosis, mavimal in our senes, simulating lymphoid leu 
kcmia La mphocytes arc also conspicuous in surrounding sinusoids (X 12-5) 

Fig X4 Kidnet Lymphocyte accumulations in the intcrstitium of the cortex (X 350) 

Fig x} Kidnei Perivenous aggregates of lymphoid cells in the boundary zone (X 100) 

Fig x6 Adrenal Perivenous collections of lymphocytes indistinguishable from those frequently 
encountered in any routine autopsy senes (X 350) 

Fig xy Thymus Adventitial reaction around a small artery, cut tangentially, predominantly atypical 
lymphocytes (X 750) 

Fig x8 Pituitary Rather extensive intcrsticial collections of lymphocytes (X 350) 

Fig X9 Meninges Pia-arachnoid showing patchy round cell aggregates, chiefly in the neighborhood 
of blood acsscls (X 1000) 

Fig 30 Brain Lymphocytic infiltration in the periphery of a moderate sized blood vessel There is 
edema of the adjacent tissue (X 2-00) 

Fig 31 Brain Perivascular cuffing and edema resembling that seen in various proven virus en 
ccphalitidcs (X 450) 

Fig 3x Anterior Spinal Nerve Root Marked perivascular lymphocytic reaction in a case of in- 
fectious mononucleosis with Guillain-Barr6 syndrome Appropriate stains demonstrated degeneration of 
myelin and distortion of axis dylinders of the nerve fibers (X xoo) 

Fig 33 Skin There is hyperemia and edema of the corium associated with round cell reaction about 
vessels and appendages (X 100) 


Simulate a malignant lymphoma (fig 4) Mitotic figures were abundant, but no 
atypical mitoses were observed Connective tissue of the lymph node capsule, 
trabeculae, and hilum were more or less infiltered with round cells, comprising for 
the most part both normal and atypical lymphocytes The lymph sinuses in the 
hilum and perinodal tissue were usually crowded with similar cells (figs 5 and 
The spleen was invariably enlarged during the height of the disease as shown by 
the weights in our cases (table i), the one normal weight of 150 Gm in our scries 
was in a convalescent patient who was accidentally killed Milne-* mentioned a 
970 gram spleen which ruptured and was successfully removed The histopathology 
of the spleen has been recorded in detail in a previous article To summarize 
briefly, the capsule showed varying degrees of infiltration with round cells, con- 
sisting largely of both normal and abnormal lymphocytes The trabeculae dis- 
played dilution of the fibromuscular structure by a similar infiltrate (fig 9), not 
infrequently to the point at which complete dissolution occurred, the site of the 
trabeculae in such instances was marked only by the trabecular xessels Follicles 
were usually widely spaced, in some instances being well preserxed and hxper- 
plastic, in others existing merely as ill-dcfincd aggregates of small hmphoextes 
(fig S) Occasional!), the eccentric arteriole was the onh landmark The blood 
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sinuses of the spleen contained more nycleated cells than erythrocytes except when 
there was marked congestion of the organ The nucleated forms again were mostly 
normal and atypical lymphocytes The red pulp likewise contained a predominance 
of these cell types The changes in the blood vessels were twofold first, an adven- 
titial infiltration of lymphoid elements around intratrabecular arteries (fig ii), 
and second, a similar subendothelial infiltration of the veins (fig 10) These vascu- 
lar findings have been noted also in leukemias and scarlet fever, occasionally in 
chronic malaria and acute fulminating infections The subintimal infiltrate in veins 
has also been noted in allergic states, especially drug sensitivity, in which the pa- 
tient survived more than twenty-four hours 

The bone marrow contained no abnormal cells apart from those in the circulating 
blood (fig 7) The marrows were either quite normal or in some instances moder- 
ately hyperplastic Hyperplasia was usually limited to the granulocyte series, al- 
though megakaryocytes occasionally seemed more numerous than usual Unfor- 
tunately in our Case 4, characterized by purpura and thrombocytopema, no bone 
marrow sections were obtained 

Respiratory System Mucous membranes of the sphenoid and ethmoid sinuses were 
available for study in i case These appeared normal apart from a minor submucosal 
round cell infiltration which was nonspecific in character 

The tonsils were examined in 2. of the autopsied cases Both showed areas of 
necrosis and a reaction of normal and abnormal lymphocytes, with a variable ad- 
mixture of plasmocytes and neutrophils (fig ix) The round cell infiltration was 
also noted m the peritonsillar tissue (fig 13) In i case, the lingual tonsils and 
posterior pharyngeal wall were sectioned and displayed a similar cellular reaction 
deep in the striated muscle and around mucous glands of the tongue and pharyngeal 
wall The larynx and trachea in another showed a like mononuclear cell infiltrate 
In a patient who recovered, a rapidly growing tonsillar mass was regarded as a 
tumor and removed surgically The tissue presented an amazing proliferation 0 
lymphoid and reticulo-endothelial elements to a degree mimicking reticulum cc 
sarcoma (fig 14), the surface was ulcerated and the obvious inflammatory reaction 
was limited to the margin of the ulcer 

The lungs displayed a variety of appearances In x instances, there was a ran 
pneumonic consolidation, the cellular exudate in i was of the classic polymorp 0^ 
nuclear neutrophil type, while in the other it was made up almost exclusively o 
large lymphoid cells (fig 17) Most cases showed a more or less marked exaggera 
non of the peribronchial and bronchiolar collar, and in some the round cell 
extended along the intra-alveolar septa to simulate interstitial pneumonitis gs 
15 and 16^ Clusters of lymphoid cells were also noted in the subpleural connect 
tissue 

Cardiovascular System In 6 of the 8 cases in which the heart was examined his^ 
logicall}, aggregates of lymphocytes were sparsely distributed within the m>(^ 
cardium m the periphery of small blood vessels (fig 18) They were also 
small numbers beneath the endocardium In i case, the reaction was 
negligible, and in another completely absent in the tissue studied The 
and pericarditis -were minimal and unassociated with any necrosis of muse c 
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serosal reaction respectively, except in case 3 where the cellular infiltrate was rather 
prominent in some areas No real pericarditis was encountered The aorta was ex- 
amined in 3 cases It was quite normal in 2. patients who died respectively on the 
thirteenth and thirtieth day of the disease, but in the third, who lived seventeen 
days, perivascular cuffing was seen about the vasa vasorum in the adventitia, the 
cells being the usual normal and atypical lymphocyte varieties 

As regards the pertpheial vessels, one may generalize that, apart from the lym- 
phoid tissues proper, the lymphocytic proliferation was either adventitial or subin- 
timal in location, irrespective of the organ or tissue examined The arterial involve- 
ment tended to be adventitial, whereas the venous was subintimal 
Digestive System The tunica propria of the stomach contained collections of lym- 
phoid cells considerably in excess of normal (fig 19) in 3 of the 4 cases examined 
In the fourth case, a convalescent patient who had been ill 30 days, the reaction was 
equivocal Sections of tleum from 4 cases proved difficult to evaluate because of the 
variable prominence of lymphoid tissue under normal circumstances in this age 
group The lymphoid proliferation was distinctly abnormal in only i of these 
cases (fig 2.6) and the cellular reaction was that of the lymphoid tissues elsewhere 
Ltver changes were uniform qualitatively in the specimens examined from 7 
autopsies and i biopsy The capsule in most instances showed varying degrees of 
involvement similar to that seen in the spleen (fig zi) The lymphocytic infiltra- 
tion was most pronounced in the periportal connective tissue Quantitatively, 
this reaction varied from hardly more than the usual lymphocyte collar (fig zz} 
to a degree approaching that of lymphatic leukemia (fig Z3), with lymphoid cell 
^Sg^egates extending into the adjacent lobular parenchyma In these latter in- 
stances, there was an apparent loss of some of the peripherally placed liver cells, 
associated with minor bile duct proliferation Necrosis of the liver parenchyma 
was not observed in our series, except in i case where portal vein thrombosis fol- 
lowed splenectomy There was no evidence of biliary obstruction Those cases 
showing a lymphocytic leukocytosis also displayed considerable numbers of round 
cells throughout the lobule, but within blood sinusoids This more diffuse intra- 
lobular cellularity was augmented by Kupffer cell hyperplasia 

Perivascular lymphocytic collars were noted in only i of the 4 cases in which sec- 
tions of the pancreas were available for study The parenchyma of the organ was 
apparently normal 

Gemto-Urmary System The kidneys were involved in 6 of 8 cases In common with 
the other tissues, the lesion was confined largely to the periphery of blood vessels, 
notably the subintimal zone of the larger veins in the columns of Bertini (fig Z5) 
■^gg^’^g^tes of lymphocytes were also found in the interstices of the cortex (fig Z4) 
There were no alterations in the nephrons except in the case of a transfusion reac- 
tion, where a hemoglobinuric nephrosis (lower nephron nephrosis} was present 
The z sections of urinary bladder, 3 of prostate, and z of testis all presented intersti- 
tial foci of Ijnnphocytes in the neighborhood of small blood vessels 
Endocrine System The adrenal was examined in 7 cases, 5 of which displayed clus- 
ters of normal and abnormal lymphocytes beneath the intima and in the peripher}' 
of the central vein (fig z6) as well as in the capsule The occurrence of lymphoc) tes 
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in the adrenal is so common in the average series of autopsies that it is difficult to 
evaluate this finding as related to infectious mononucleosis 

The lymphoid tissue of the thymus was not hyperplastic in either of the z cases 
examined, and the organs were not enlarged grossly In one of the glands, there was 
a perivascular reaction in which abnormal lymphocytes were present (fig zy), 
the findings in the other being equivocal 

Two of the 4 pituitary glands displayed prominent aggregates of lymphocytes in 
the interstices (fig z8), a third showing a few such cells and the fourth being essen- 
tially normal 

Nervous System The central nervous tissues and peripheral nerves in our Cases i 
and z have been described in detail by Ricker et al and adequately illustrated 
In summary, the memnges were congested and edematous and contained moderate 
numbers of mononuclear cells (fig zq) Occasional small perivascular hemorrhages 
were noted within the brain substance, as well as mild ganglion cell degeneration, 
occasionally with satellitosis Changes in the spinal cord were minor, but cellular 
infiltration of anterior nerve roots was noted at all levels, particularly in the pe- 
riphery of blood vessels (fig 3Z) The myelin sheaths were swollen and disrupted 
In 3 other cases, distinct perivascular cuffing with round cells had occurred in the 
brain (figs 30 and 31) and in z of these the meninges were similarly affected An 
additional case displayed no demonstrable involvement Thus, in 5 of 6 cases there 
V as evidence of a mild to moderate meningo-encephalitis, and in z a distinct pe- 
ripheral neuritis 

Musculature Sections of voluntary muscle were examined in z cases, one appear 
ing normal, the other showing lymphocytic collars in the periphery of small blood 
vessels 

Integument Two biopsies of skin revealed a relatively normal epidermis save for a 
lymphocytic infiltration of some of the rete pegs (fig 33) The corium was rather 
edematous and hyperemic, and an infiltration of small and large lymphocytes was 
noticeable in the vascular peripheries 

Clinico-Pathologic Correlations 

We have shown that there are as many lesions of infectious mononucleosis as 
there are organs and tissues of the body, although the degree of involvement of 
each varies markedly from case to case This is manifest clinically by the wide 
range of signs and symptoms listed in the many series of cases reported in the litera- 
ture We have selected Read and Helwig’s-® analysis of 300 Army cases to illustrate 
this, and to show that virtually all of the clinical features may be explained on the 
basis of demonstrable pathologic changes Tables z, 3 and 4 are taken directly from 
their article, although the items have been rearranged by systems to conform with 
the scheme used for our pathologic descriptions In the following paragraphs, we 
w ill also add certain features of the disease not mentioned in Read and Helwig s 
series It is interesting to note that most of the clinical manifestations of the disease 
ser\c to confuse rather than to clarify the diagnosis 

Hematopoietic System In view of the fact that hyperplasia of lymphoid tissue is 
the maior and most consistent pathologic change in infectious mononucleosis it is 



Table i — Admission Diagnoses 


Hematopoietic System 

Infectious mononucleosis 

37 

Lymphadenitis 

10 

Respiratory System 

EpistaMS 

4 

Acute sinusitis 

IZ 

Nasopharyngitis 

45 

Acute pharyngitis 

64 

Acute tonsillitis 

36 

Bronchitis 

10 

At) pical pneumonia 

19 

Influenza 

4 

Digestive S) stem 

Vincent s angina 

5 

Gastro-cntcritis 

3 

Jaundice 

6 

Nervous System 

Psycho neurosis 

I 

Suspected meningitis 

3 

Heat exhaustion 

z 

Miscellaneous 

Malaria 

7 

Reaction to typhoid vaccine 

I 

Cervical mass 

z 

Cervical myositis 

5 

Diagnosis uncertain 

IZ 


Table 3 — Admission Complaints 


Hematopoietic System 

Lymphadenopathy 

81 

Respiratory System 

Epistaxis 

6 

Sore throat 

146 

Cough 

38 

Digcstne S) stem 

Auorcxia 

58 

Nausea 

9 

Vomiting 

7 

Abdominal pain 

14 

Jaundice 

6 

Ner\ousS\ stem 

Headache 

71 

Vertigo 

9 

Miscellaneous 

Malaise 

72- 

Fe\er 

67 

Arthralgia 

7 

M\ algia 

5 

Cutaneous eruption 

II 
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readily understood why enlargement of the lymfh nodes and spleen are the most com- 
monly observed physical findings The rapidity with which the enlargement de- 
velops accoimts for the tenderness of these organs We have shown in a previous 
article^® that the tense, swollen spleen of infectious mononucleosis is peculiarly 
liable to rupture because the capsule and trabecular are more or less diluted and 
sometimes dissolved by lymphocytic infiltration 


Table 4 — Pestftve Signs 


Hematopoietic System 


Generalized adenopathy 

ip. 

Cervical adenopathy 

13.3 

Tender adenopathy 

67 

Palpable spleen 

104 

Tender spleen 

39 

Pctcchiae 

9 

Oral cavity . 

4 

Generalized 

9 

Respiratory S> stem 


Epistaxis 

6 

Follicular pharyngitis 

11 % 

Membranous phar) ngitis 

34 

Acute tonsillitis 

X9 

Peritonsillar abscess 

7 

Hemopp'sis 

3 

Digestive System 

37 

Gingivitis 

Vomiting 

7 

Diarrhea 

4 

Palpable liver 

Jaundice 

Abdominal tenderness 

47 

II 

3 

Nervous System 


Stiff neck 


Mild stupor 

Delirium 

3 

I 

Miscellaneous 

5 

16 

Mj ositis 

Dermatitis 


Er}’’thropoiesis in the bone marrow in nearly all cases appears to be ^ 

mal, thus explaining the rarity of anemia in infectious mononucleosis c 
anemia in the few cases reported was not apparent, in other instances, t e a^^ 
was regarded as coincidental Granulocyte components arc cither 
creased in number, and may show some degree of immaturity and toxic 
(Limarzi ct al ) Study of cases with actual neutropenia has been ina cq 
demonstrate anv significant change in the marrow Ncutrophi ic cu 'ocj 
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lowing rupture of the spleen or with associated pyogenic infection may occur very 
rapidly and demonstrates the responsiveness of the marrow, sometimes masking 
the original lymphocytosis 

Minot^^- was the first to describe the striking thrombocytopenia with hemor- 
rhagic purpura which occasionally complicates infectious mononucleosis and then 
regresses during convalescence As Minot’s^- case was observed before the hetero- 
phil antibody reaction had been described, he hesitated to make a precise diagnosis, 
but in view of recent reports^® there can be no doubt that this was infectious 
mononucleosis One of our patients (Case 4) who died following rupture of the 
spleen had a condition of this type, but unfortunately bone marrow was not re- 
moved at autopsy The only marrow study of the thrombocytopenic variant which 
we have fovmd was reported by Dameshek and Grassi® whose patient recovered 
after splenectomy, they described an increase in megakaryocytes which showed 
"greatly diminished platelet production ” 

Kesptrafory System The essential lesion in the nose and throat is lymphoid hyper- 
plasia which may subside uncomplicated by secondary infection or necrosis and 
without undue discomfort In other instances, however, ulceration supervenes with 
extension of secondary invaders to produce membranous pharyngitis, peritonsillar 
abscesses, and even Ludwig’s angina Epistaxis probably results from ulceration 
and necrosis of hyperplastic lymphoid tissue in the nose, tissue was not available 
for study in our Case 9 in which death was due to nasopharyngeal hemorrhage, so 
that we were unable to demonstrate this However, in Case 6, there was actual 
gangrene of the tonsil and posterior pharyngeal wall, and in Case i, necrosis of 
tonsils to a lesser degree Occasionally the lymphoid overgrowth may be so exuber- 
ant as to simulate a malignant tumor, as in one of our patients who made an un- 
eventful recovery 

Tidy^® and Wintrobe"*® state that laryngeal obstruction is unknown, yet the cause 
of death in our Case 6 was edema of the glottis Cough is probably due most com- 
monly to tracheobronchitis, observed in the single specimen available to us, and 
to actual involvement of lung tissue which was slight in 5 of our 9 autopsies, 
prominent in 3, and absent in i It is interesting that 19 of Read and Helwig’s^® 
cases were diagnosed atypical pneumonia on admission, figs 15 and 16 make clear 
that interstitial pneumonitis actually can occur as a feature of infectious mono- 
nucleosis and would be indistinguishable clinically and by x-ray examination from 
the interstitial pneumonitis of atypical pneumonia, influenza, or even rheumatic 
pneumonitis Similarly, the lobular pneumonia found in Case 9 can be linked to 
infectious mononucleosis only by the mononuclear exudate in the alveoli The 
sometimes marked acceleration in respiratory rate is probably due to pneumonitis 
or pneumonia usually not recognized as part of infectious mononucleosis per se 

Cardiovascular System No symptoms referable to the heart are listed in Read and 
Helwig’s-® article However, arrhythmias and tachycardia are known to occur 
Wintrobe" mentions one patient in whom tachycardia and cyanosis became so 
pronounced that acute cardiac dilatation was suspected Mjocarditis was the 
stated cause of death in Jersild s'-* case 

Electrocardiographic evidence of heart lesions has been reported In Evans and 
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Graybiel’s^® 4 cases the T waves were lowered or inverted in all leads suggesting 
pericardial involvement, with gradual return to normal during convalescence 
Logue and Hansen^® record first degree heart block with prolonged P-R interval, 
while Candel and Wheelock’s'* case had electrocardiographic tracings indicative 
of acute myocarditis 

We were unable to demonstrate pericarditis in our 3 cases, at most, there was a 
sparse sprinkling of lymphocytes in the subepicardial connective tissue no greater 
than that one frequently encounters in a series of routine autopsies lesions were 
found in the muscle, however, in 6 cases, doubtful in i, and in Case 9 no heart sec- 
tions were available for study The foci were small in all but Case 3, where there 
were rather extensive residual areas of myocarditis at the time of accidental death 
thirty days after the onset of illness 

Digestive System It is virtually impossible to demonstrate an anatomic basis for 
the nausea, vomiting, and diarrhea occurring in a febrile illness We did find lymph- 
ocytic infiltration of appreciable degree in the tunica propria of the stomach in 3 
of 4 cases examined, and fairly marked hyperplasia of intestinal lymphoid tissue in 
I of 4 cases, this change being equivocal in 3 It is doubtful whether these observa- 
tions are of clinical significance 

Abdominal pain and tenderness are probably due to rapid enlargement of the 
spleen, liver, and abdominal lymph nodes 

Physical examination of patients with infectious mononucleosis frequently dis- 
closes an enlarged liver In our 4 cases in which figures were recorded, the organ 
weighed 1650 Gm , zico Gm , z6oo Gm , and X738 Gm The normal-sized liver 
was from a convalescent case, whereas the patient with the largest liver died from a 
pulmonary embolism five days after operation for ruptured spleen on approximately 
the thirty-fifth day of the disease It should be mentioned that hepatomegaly is not 
usually a feature of the milder case 

Liver function tests reported by Cohn and Lidman^ in a series of 15 consecutive 
cases of proven infectious mononucleosis without jaundice gave evidence of fiver 
damage, they found the thymol turbidity and bromsulfalcin excretion tests of most 
consistent value 'There appeared to be a rough correlation between the severity 
of the disease and the degree of hepatic impairment ’ ’ Their results were confirme 
by DeMarsh and Alt® in 19 additional cases Jaundice is not a rare manifestation o 
infectious mononucleosis and provides further evidence of liver involvement 
Changes in the liver in jaundiced cases as described by Bang and Wanscher do not 
differ from those in patients who have not been jaundiced They found no reason to 
regard the jaundice as due to obstruction , . 

The liver lesion is essentially a periportal hepatitis It is hardly distinguis a 
from liver changes in the milder cases of epidemic hepatitis as observed at biopsy^ 
Necrosis of liver cells was observed in only i of our fatal cases, and was 
due to portal vein thrombosis incident to splenectomy rather than to m cc 
mononucleosis per se There may, however, be some slight loss of fiver ce s in 
penpherj' of heavily infiltrated portal areas , 

Gemto-Vrinary System Albuminuria is common, as in any febrile disease, c 
c> ces and red blood cells are not infrequent urinary findings, but casts are not^ 
crall} seen Gross hematuria was found in 6 per cent of Tidy and or c) s 



PATHOLOGY OF INFECTIOUS MONONUCLEOSIS 


855 


cases, apparently occurring as an isolated phenomenon, it may also appear as part 
of the general hemorrhagic manifestations in the thrombocytopemc variant The 
renal lesion of infectious mononucleosis is essentially an interstitial nephritis As 
for the genitalia, uterine bleeding in the hemorrhagic form of the disease is the 
only symptom of which we are aware, in Dameshek and Grassi’s® case there was 
also a suggestion of a pre-existing hemorrhagic tendency 
Nervous System Although Read and Helwig^® do not mention headache in their 
series, this is a very common symptom, often associated with blurring of vision and 
vertigo, and occasionally with stiff neck Stupor, coma, delirium, and convulsions 
have been observed, as well as paresthesias, motor paralyses, and depression of the 
respiratory center Two of our fatal cases presented the Gmllain-Barre syndrome 
A wide variety of neurologic signs has been reported The cerebrospinal 

flmd findings are variable, more frequently being normal, the pressure is sometimes 
increased, and a lymphocytosis of several hundred cells and increase in protein have 
been observed The differential diagnosis between infectious mononucleosis and 
lymphocytic choriomeningitis may be difficult under such circumstances Tidy®® 
has attempted to relate the two diseases, but Viets and Warren®® state that in 
lymphocytic choriomeningitis, all organs except the central nervous system are 
relatively normal, and describe “inclusion bodies” in ganglion cells, more exten- 
sive memngeal and perivascular lymphocytic infiltrations, perivascular hemor- 
rhage, and ‘ ‘glial nodules ’ ’ 

We have demonstrated varying degrees of encephalitis, meningitis, or both, in 3 
of 4 cases in which no symptoms referable to the central nervous system were recog- 
mzed However, one of these patients lost his life in the crash of an airplane which 
he was piloting during the convalescent period, and the disease may have been a 
factor leading to the accident In our 2. cases presenting the Gmllain-Barre syn- 
drome, there was the additional involvement of spinal nerve roots but only minor 
ganglion cell changes in the cord proper, peripheral nerves were examined in i of 
these cases and showed lesions sirmlar to those of the nerve roots 
Musculature Myalgia is an uncommon symptom, although we found myositis in i 
of X cases in which skeletal muscle was examined 
Integument Cutaneous eruptions of various types, usually morbilliform, are fre- 
quently encountered in infectious mononucleosis ®^ Our x biopsies from such cases 
disclosed hyperemia, edema, and cellular reaction in the corium 

Summary 

This pathologic study is based on 9 autopsies and many biopsies in cases of 
infectious mononucleosis 

The gross changes were almost exclusively confined to enlargement of lymphoid 
tissues, especially the spleen Nasopharyngeal lymphoid h) perplasia was constant, 
in one instance suggesting tumor Other tissues presented no significant gross fea- 
tures related to the primary disease except for (i) rather consistent enlargement of 
the li\er, (x} infrequent icterus, and (3) occasional cutaneous rash Histologic ob- 
ser\'ations revealed more or less generalized lesions resembling those of certain 
known virus diseases, notably pernascular aggregates of normal and abnormal 
h mphoc) tes Reaction of this t\ pc inconstant!} ina oh ed all tissues studied except 
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the bone marrow, here lymphocytes were virtually absent in sections, but were 
present in aspirated marrow because of dilution with peripheral blood 

More specific changes were invariably noted in lymphoid tissues The abnormal 
lymphocyte characteristic of the disease could be identified in thin, lightly stained 
sections Lymph node reactions varied from a predominantly follicular hyperplasia 
to a blurred pattern simulating a malignant lymphoma, the latter was due to a 
lymphocytic and reticulo-endothelial proliferation in the medullary cords The 
spleen displayed a lymphocytic infiltration in the thinned capsule and trabeculae, 
frequently dissolving the latter and rendering the organ liable to rupture The pat- 
tern was partially effaced in most instances and the follicles widely spaced Blood 
sinuses contained considerable numbers of normal and abnormal lymphocytes, and 
accumulations of these cells constantly cuffed intratrabecular arteries and lay be- 
neath the intima of veins Tonsils displayed ulceration and necrosis in several cases, 
and the lymphocytic proliferation closely resembled malignant tumor in a tonsil 
that enlarged rapidly 

A pneumonic exudate in i case was almost exclusively of round cell type, while 
in another the pneumonia was of the usual lobular type with a neutrophilic 
exudate Small myocardial infiltrates which we noted probably explain the electro- 
cardiographic changes described in infectious mononucleosis Other findings of 
particular interest were the periportal lymphoid collars in the liver which some- 
times attained the proportions seen in leukemia, and the presence of memngo- 
encephalitis in 4 of the 6 brains examined 

We believe that the majority of cells in the lymphocytic “infiltrates” of connec- 
tive tissues and the perivascular collars are metaplastic rather than inwandering, 

1 e , that they are formed in situ and stem firom cells of the reticulo-endothelial 
system 


ADDENDUM 

Since this paper -n as prepared, our Case 3 has been reported separately by Allen and Kellner We 
have held the case in our series, however, as it lends strength to our tabulated findings 
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CHRONIC INFECTIOUS MONONUCLEOSIS 


By Raphael Isaacs, M.A., M.D 

I N A GROUP of lo 6 patients who had infectious mononucleosis, 53 had some 
symptoms which persisted for from three months to at least four years or 
longer The syndrome included ease of fatigue, exhaustion, aching of the legs, 
weakness, depression, afternoon elevation of temperature (99 8 to loi F ), moder- 
ate splenomegaly, low blood pressure, low blood sugar, often low specific gravity 
of the urine, and the presence of infectious mononucleosis cells in the blood 
The 53 patients with the chronic symptoms included Xi males and 31 females 
The ages ranged from 8 months to 60 years There were 5 younger than 19 years, 
XO-X9 years, ix, 30-39 years, 16, 40-49 years, 15, 50-60 years, 5 The 8 month old 
child showed unusual diarrhea (“dysentery”) since birth, and examination of the 
blood showed infectious mononucleosis cells The mother had acute infectious 
mononucleosis during pregnancy, one month before the birth of the child Thirteen 
of the patients had the symptoms for from 3 to 6 months, 15 for y-ix months, 3 for 
17-18 months, ii for one year, 8 from two and one-half to four years and 3 for at 
least SIX years Some of the patients could give the exact date of the start of the 
symptoms, others within a month or so Five gave the duration as several 
months,” “several years,” “many years ” 

These patients had been sent in for study, with possible diagnoses of unduiant 
fever, tuberculosis, Addison's disease, Hodgkin’s disease, Rocky Mountain spotted 
fever, lymphosarcoma, hypothyroidism, menopausal syndrome, subacute bacterial 
endocarditis, neurasthenia and syphilis 

All of the group showed infectious mononucleosis cells in the blood The re 
blood cell and leukocyte counts and hemoglobin content were within norma 
limits The infectious mononucleosis cells were of the mature type, with deeply 
basophilic cytoplasm, staining the peculiar blue characteristic of these cells The 
nuclei showed the streaky chromatin, with fenestrations, and were often indente 
Occasionally one or more of the large forms found in the acute type were note 
The cells constituted i to 7 per cent of the total leukocytes, rarely higher These 
cells had been grouped with the lymphocytes or monocytes by uncritical tec 
nicians 

In no case of the chronic group was the sheep cell (hetcrophile) agglutination 
titer above 1 64 Five patients showed persistent ‘ positive Kahn tests, c arac 
terized as ‘ general biologic reaction,” for one to six years 
The presenting symptom was always weakness or ease of fatigue The patient 
said that their legs were weak and ached The fatigue was usually present 0 
arising in the morning, but occasionally developed late in the morning or 
the afternoon Some had symptoms suggestive of hypoglycemia Others a ‘ 

depression, ner\'Ousness, ease of perspiration and dizzy or giddy spe s 

ThX.gue appeared out of pr^pornon to the phys.cal data The usual find.ngs 
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ucrc T vlicluh cnlin'cii tplccn ihoiu i } to tfi tctttitncicr';, ottasjon.iJh p.ilpaWc 
on deep inspiMiion dcpniduii: on the piticnt <> bod \ -Inn Id The spleen could be 
outlined b\ dircit pcrui'-vion not b\ the intcrinednte nictbod'j b\ usinp ven light 
tappinc It tould be dcnioiKintcd b\ \-ra cMininiiion The enlarged spleen 
clcsated the tirdiu nvx. while the pitieni w it hini,' down, so that the cardiac 
tip w IS from in to II on to the lell of the niidline (^n standing the apc\ Jow'crcd 
to about 9 cm to the left o{ the niidlitie 

The tcttnid feature noted in nioti of the piticnts w is the comparatively low 
blood prevture The sstiolu liinires were from 90 to 105, occasionalh as high as 
ns, with diastolie prcttiiret of to 70 Ihis w as signilicint, as most of the 
patients belonged to the older ii’e iiroup 1 here were no definite signs of ma ocardial 
or circulators insulliciciics . and there w is usu ills no edema of the ankles 

In nuKt of the patients ssho tmuie observations on their temperature, there svas 
an afternoon rise to yy f' 101 9 T Rarcls ssas it higher than this, but in 
some the clcsation ssas so persistent that thes had been diagnosed 'fever of un- 
knossn origin ' or ssere suspected of h I'ing undulant fever, Hodgkin's disease or 
tuberculosis 

Most of the patients had some Isinph nodes sshich ssere palpable, but never very 
large Enlarged [sosterior cers ical nodes svere the most common In many, the nodes 
svcrc sscll ssithin normil limits of si/e 

A number of patients had ssmptoms suggestive of h}poglycemia Late in the 
morning there ssas a feeling of exhaustion, anxiety, increased perspiration The 
blood sugar (fasting, after food, and at intervals after sugar ingestion) was ob- 
scrs-'cd in ten individuals The fasting blood sugar shosved levels of 33 to 70 mg 
per 100 cc using a method in svhich most normal indisuduals showed from So to 
110 mg per icxD cc Isolated observations on other patients in the group showed 
levels of 80 to 95 mg per 100 cc After ingestion of a meal or a measured amount of 
glucose, there wxas but slight increase in the height of the glucose curve (increased 
tolerance), and the fall was slow, although 3 individuals showed a lower level 
than the fasting level between three and five hours after the ingestion of the 
glucose 

The serum sodium, potassium and chlorine was within normal limits in these 
patients None of the patients showed unusual pigmentation 

In of the patients, low basal metabolic percentage had led their physicians to 
prescribe thyroid, without therapeutic advantage, however, as the abnormal 
fatigue persisted 

The only feature of the urine which was present in most of the individuals was 
a low specific gravity of individual specimens taken at random during the morning 
or afternoon Values from i 001 to i 008 were common, and values higher than 
I 010 were unusual in this group 

In 3 patients of the group being studied, although the onset was typical of acute 
infectious mononucleosis, material from lymph nodes had been obtained by biopsy 
The sections were variously interpreted by different observers, and x-ray therapy 
Was given over all the glandular areas by the patients’ doctors These patients later 
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had a recurrence of the glandular enlargements, and one was diagnosed as lympho- 
sarcoma, one reticulum cell sarcoma and one Hodgkin's disease They continued to 
show clear-cut infectious mononucleosis cells in their blood The “lymphosar- 
coma” patient received intensive x-ray irradiation from several doctors, as well as 
‘ nitrogen mustard” until he died of emaciation The results make one wonder if 
lymph nodes, injured or made more susceptible by infectious mononucleosis, may 
be made to show “malignant” characteristics after x-ray therapy 

In another group, x patients showed progressive enlargement of the spleen and 
were later classed as “Banti’s disease ” It is possible that some congestive spleno- 
megalies may arise in this way 

In the differential diagnosis, undulant fever presents the most difficult problem 
The various tests for degrees of immunity arc not diagnostic of the disease, and a 
positive blood culture is not easily obtainable in the chrome form The presence of 
infectious mononucleosis cells in the blood is a differential point, although an 
individual could have had both diseases When the Kahn test was positive in these 
patients, it was of the “general biologic” type 

Treatment 

Many therapeutic agents were tested without success These included caffeine, 
amphetamine sulfate (benzedrine and dexedrine), strychmne, thiamine, atropine, 
multiple vitamin mixtures, thyroid, ephedrine and special diets These substances 
produced no lasting effect, and often accentuated the nervousness The most promis- 
ing medicine appeared to be a preparation of adrenal cortical extract (cortalex) 
This was given in doses of z tablets (made from aqueous extract of lo grams of 
adrenal gland) on arising in the mormng There was but little subjective improve- 
ment during the first week, but a defimte feeling of well bemg developed during the 
second week and was qmte definite during the third week After this the medi- 
cation was discontinued and the improvement usually continued In a few patients 
It was necessary to increase the dose, or resume it after its discontinuance Associ- 
ated with the subjective improvement, there was a decrease in the size of the spleen 
The changes in the blood pressure were slight 

The fact that the symptomatology is somewhat suggestive of adrenal insuin- 
aency of the Addison’s disease type, and that admimstration of adrenal cornea 
extract by mouth relieved the patients after the symptoms had persisted for long 
periods, suggests a possible mechanism for the fatigue during the chrome stage 
There are apparently no data on the appearance of the adrenal cortex in this con 
dition, and whatever damage is present must be reversible, if adrenal insufficiency 
IS the cause of the symptomatology 

Summary and Conclusions 

A group of patients is desenbed in whom case of fatigue, fever, splenoracgal} , 
low blood pressure, low blood sugar, low specific gravity of the urine an t c 
presence of infectious mononucleosis cells in the blood persisted for rom t rcc 
months to longer than four years after the initial attack 
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Three of thc^qroup^lc\clo|\:ii ehinetcnstics of 1) mplioblastonia and two showed 
tile feature'^ of Ihnu s conqesli\c splcilonieqah 

The svmproins responded to ire.itnicnt with a preparation of .adrenal cortical 
extract 

The s\ndroinc is aj^parenth not niKoninion iiul the intense, prolonged debility, 
together w ith the marl cd iinpro\ cinent iftcr thcr ip\ w ith adrenal cortical extract, 
malvcs Its recognition of great practical importance 



IS IT POSSI^E TO TRANSMIT OR ACCELERATE THE DEVELOPMENT 
OF MOUSE LEUKEMIA BY TISSUE EXTRACTS^ 

By J Engelbreth-Holm, M.D, 

I ^ years it has beea reported from various laboratories that 

e injection of certain tissue extracts has been followed by accelerated devel- 
opment of spontaneous leukemia in mice, the disease presenting an increased inci- 
ence and (or) an earlier appearance in the experimental animals than in the 
imtreated conttols Although these observations lack satisfactory confirmation, 
seems desirable to review them here, and to record some supplementary investi- 
gations bearing on the same problem 

f Carnegie Institute, New York, for 1937, MacDowell and 
orators escn ed experiments in which monthly injections of embryonic 
of the strain C 58 (with a 30 per cent leukemia incidence) 
owe y evelopment of the disease in all of the 60 experimental animals 
ear ler ate t an in the controls belonging to the same litters The results 
e not reporte in detail, nor was it stated whether the test has been repeated 
rer, w otrie to confirm this finding, states merely “Inoculations of embryonic 
tissue have had no noticeable effect on either the ‘albino’ or the ‘black’ leukemia ” 
n 193 , nge breth-Holm and Frederiksen believed they had transmitted mouse 
eu emia to young animals of the strain Aka by means of a cell-free extract of Icu- 
emic organs om mice of the same scram The extract was prepared imder anaer- 
° reduced in a cysteine-cobalt-sulphatc system as described by Pine 

n o mes jection of the extract was followed by the development of leukemia 
n expenments out of 9, totalling 36 mice out of 179 The tests were carefully 
contro e in various ways Thus, atrobtcally prepared extracts showed no effect in 
5 experiments including izo animals Further, a minimum of 1000 cells was found 
*"^1 ^ secure a take in the ordinary way, it therefore seemed impos- 

takes in these experiments could have been due to presence of 
s cient intact cells in the extract, since the latter had been centrifuged twice for 
teen minutes at 3,000 r p m As a most deplorable fault, it must be noted that the 
extract was not filtered in these tests Engeibreth-Holm later (in 1941) expressed 
t e view that the findings in these experiments might have been a question of accel- 
eration of spontaneous leukemia rather than of a transmission of the disease 

acDowcll and his collaborators (1939) tried to repeat the observations of 
ngelbreth-Holm and Frederiksen without success Still more confusion however, 
was brought into the matter when, after control injection of the medium used for 
reduction (a cobalt-sulphate-cysteine solution), MacDowell found leukemia dcvel- 
oping in 17 out of zo mice only twenty-six to thirty-eight days later Repetition of 
this experiment gave negative results 

From the Unncrsit^ Institute of Pathological Anatomt, Copenhagen 

These insestigations base been aided b) grants from the Anders Hasselbalch Leukemia Fond 
Komg Christian den Tiendes Fond and from the National League for Combating of Cancer 
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Finalh , Gdrcr in 1939 rcporicti i^cuncwhu inalogous observation Inoculation 
into mice of i nonnkini:” sarconiitini'' tissue ipixraretl to increase the leukemia 
incidence from (' to 39 j\:r tent in all inimals, ind from z to ^6 jxr cent in the males 
Reinotulation brouitht ibout a sull ere iter rise in incidence Gorer inoculated a 
sarcom i from an albino striin into i bl lek mouse strain After repeated inocula- 
tions, leukemia desclojscd in 7 out of 10 mice, \s here is the spontaneous leukemia 
incidence \\ as (inh 6 |x:r tent Gorer found that the leukemia did not develop until 
about one \ear ifter the mot illations, i c , prohibit at the same age at which the 
disease will apjscar in untrcited mite 

In an attemju to e\plain the results of our original e\)x;rimcnts (Engelbreth- 
Holm and TrcderikseiO, nett int estiq itions along the same lines were performed 
during the tears 193S Our efforts, Iiottcter, were no more successful than those 
ofMacDottell We did not obserte ant acceleration of the leukemia in mice belong- 
ing to the strain Aka after in)eetion of an extraet of leukemic organs prepared under 
anaerobic conditions Repeated iniections of such extracts were made in Z5 mice 
belong to the strain Aka, a total of 17 injections being administered at intervals of 
two tteeks For control purpose, extracts of normal organs were injected into 
brothers and sisters of the experimental animals, but no effect was seen in either of 
the avo series 

Likewise, MacDowelFs experiments with the cobalt-sulphate-cysteine solution 
were repeated Fort) -eight Aka-mice were given i cc of the solution, the mice at 
the beginning of the exjxriment were one month old, and the injections were 
administered everj two weeks until they died spontaneously In Z3 out of these 48 
mice, leukemia developed, but among their 44 untreated brothers and sisters, Z3 
cases of leukemia were found as well, the treatment, therefore, had had no evident 
effect 

No more did wc succeed in accelerating other tumor types leukemia and mam- 
mary carcinoma of the strain dlb These experiments, comprising 38 and 15 mice 
respectively, were equally negative 

The most natural way in which to explain these rather capricious and mostly 
negative results was to assume that, despite the precautions taken, the spun extract 
in our 1938 experiments did contain a number of intact cells sufficient to secure 
takes”, this explanation still failed to account, however, for the fact that admin- 
istration of aerobically prepared extracts did not give any takes In spite of 
numerous unsuccessful attempts to repeat our 193^ observations, and in spite of 
the controls having indicated that a few intact cells in the injected substance could 
not explain the development of leukemia, I imtiated one more experiment in order 
to exclude the possibility that cells when suspended in the cobalt-sulphate-cysteine 
solution were more capable of “taking” than when suspended in a sodium-chlonde 
solution as in the original control experiments 

Known numbers of leukemic cells, suspended partly in normal saline and partly 
in a cobalt-cysteine solution, were accordingly injected into series of mice The 
result may be seen in table i 

No explanation was achieved by these experiments, as suspension in the reduc- 
tion solution had a definite effect in suppressing the “taking” capability of the 
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cells (a finding which was to be expected beforehand), leaving it, thus, still more 
improbable that our “takes” or “accelerated cases” m the experiments of 1938 
could have been due to the presence of intact cells in the extract solution 
In 1946, however, a paper was published by Silber in Russia, describing investi- 
gations which may possibly throw some light on these obscure questions, though 
It is necessary to await confirmation of the findings before reaching a final opimon 
According to Silber, sarcomas induced in mice by i ,1,5 ,6-diben2anthracene are 
transmissible by means of Berkefeld-filtered extracts of tumor itssue which has been 
treated according to the method introduced by Engelbreth-Holm and Frederiksen 
(dissection in a closed chamber filled with carbon dioxide, and suspension m a 
cysteine-cobalt system in order to prevent oxidation) 

In 4 out of 5 experiments, Silber had “takes” in a total of 18 out of 114 ammals 
He makes it clear, however, that the takes occurred only when the substance had 
been prepared from very young tumors (“incipient” sarcomas), and, further, that 
the experimental animals required to be “sensitized” by “subcutaneous injection 
of o 5 cc of an oily solution of Dibcnzanthracene containing i mg of this sub- 
stance in one liter of vegetable oil This injection was administered i-z weeks 
before the test ” Without this “sensitization” no takes were seen 


Table i 


Number of leukemic cells | 

Suspended m saline 
"Takes’Vnumber ol mice 

Suspended m cobalt- cysteine solution 
“Takes’Vnumber of mice 

I , 000 , 000 ! 

i/l 

3/5 

170,000 

5/5 

0/5 

30,000 


0/5 

5,000 ! 

0/5 

I 0/5 


An observation by Duran-Reynals in fowl sarcomas may also prove of interest in 
this discussion Duran-Reynals has pointed out that the virus of fibrosarcomas are 
detected more frequently at the age of 5 to 10 months than in younger or older 
fowls 

Whether or not these findings have any bearing on “transmission of leukemia 
in mice cannot yet be decided In our experiments, no attention was paid to the age 
of the donor animal or to that of the tumor tissue, nor was it possible to pay regar 
to such changes of character as nught have taken place in the inbred mouse strains 
during the passages 

Attempts have further been made to repeat Gorer’s experiments mentioned above 
In our experiments, different tumors were inoculated into mice belonging to 
different strains in which the tumors used did not take Inoculation was ma e 
subcutaneously and repeated every two weeks (see table 2.), one half of each 
being left untreated as controls The three strains employed were the strain 
the strain dlb, and the strain Street The strain Aka has a spontaneous leu 'emia 
incidence of 57 per cent, in the strain dlb (subline of the Little Dba), leukemia 
develop in i per cent, and mammary carcinoma in about 40 per cent, an in t c 
strain Street, leukemia incidence is i per cent, the incidence of maramar)- carcinoma 
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hemp X5 ivr eciu The irmspl imcil nssucs in question were a mammary carcinoma 
from dih-miec. a Icukcmie tissue from Ak.i-micc, aiul 1 squamous cell carcinoma 
from the strain Aka which hail been transfcrretl tlirough several passages (see 
Digelbrcth-Holm 

Further ilctails of the c\|scrimcnt ina\ be seen in table z The treatment did 
not increase or aieclcrate tumor development, and the results of Gorer’s investi- 
gation were therefore not confirmed Unfortunately, howxver, ownng to a fulminat- 
ing epidemic, all the animals died when 17-19 months old, and it is impossible to 
decide how mam tumors might have developed if the mice had not succumbed 
prcmaturclv Nevertheless, since tumors occurring in these strains will generally 
develop spontaneoush from the age of 10 to iz months, the climax being at about 
15 months, it was clear that the treatment did not accelerate tumor development, 
both the experimental and control animals presenting only a few tumors 


Tahii 1 


Tumor ti«tuc from 

Inoaihtion made inlo 

Xumber of 
inoculations 

Age of mice at the end 
of experiment 

Mammari carcinoma dib 

2 ^ Aka-mice 

3 

17-19 


33 Street 
(rq o’’ 19 9 ) 

5 


Lcukcmic tissue Aka 

55 Jib 

(34 cf 11 9 ) 

6 

18 


31 Street 
(30 Cf' X2. 9 ) 

6 

18-19 

Squamous cell carcinoma Aka 

49 dIb 

(x8 cf’ 11 9 ) 

6 

17-18 


34 Street 
(30 d” X4 9 ) 

6 

17 


The result in each instance was No effect upon tumor development 


We have thus been unable, with the strains used in these experiments, to repeat 
Gorer’s finding that inoculation of heterologous tumor tissue can bring about an 
increased leukemia incidence 


Discussion 

A series of experiments is reviewed, although largely supporting each other, 
they have proved inaccessible to direct reproduction The various positive investi- 
gations originally indicated that development of spontaneous leukemia in inbred 
mouse strains is accelerated after the injection of embryonic extract or leukemic 
tissue extract, or after inoculation of heterologous tumor tissue 
MacDowell and his collaborators succeeded in accelerating the leukemia inci- 
dence after administration of embryonic tissue extract Gorer did not succeed in 
teproducing these experiments, but he gives few details of his negative result to 
which, indeed, he seems to ascribe but a limited importance 
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Englebreth-Holm and Frederikscn thought that they had accelerated the develop- 
ment of leukemia, or transmitted the disease, by means of an anaerobically pre- 
pared extract of leukemic tissue These findings, however, have remained refractory 
to reproduction in spite of repeated attempts made by MacDowell and ourselves 
MacDowell observed acceleration of leukemia in one experiment by means of a 
cysteine-containing suspension, but neither he nor we have been able to repeat this 
observation 

After transplantation of a nontaking tumor tissue, Gorer achieved an accelerated 
development of leukemia Despite several attempts to repeat these experiments, 
however, we have not succeeded in confiirming Gorer’ s results 
How these discrepant findings are to be explained is still obscure The various 
control series have been adequate, and no experimental faults which might have 
produced the positive or negative results have been detected Most peculiar is the 
fact that the three positive series of experiments quoted, although mutually dif- 
ferent, show one common feature, viz the injection of rapidly growing tissue or 
tissue extracts, that is, of homologous or heterologous tumor tissue, and of embry- 
onic tissue extract 

It is a most fascinating thought that in these experiments we may be approach- 
ing a factor capable of accelerating tumor development, but undeniably, there must 
still be a number of factors escaping our control 
Transient changes of disease conditions in the mouse strains used can probably 
be excluded, to judge from the control scries Certain more recent experiments, 
however, may possibly throw light on these questions Silbcr claims to have trans- 
mitted sarcomas in mice by means of cell-free ^trates, using the same technic as we 
did in our earliest experiments, but he points out that only filtrates from quite 
young tumors have any effect, and Duran-Reynals has shown that detection of virus 
in fowl sarcomas most easily will be successful in certain age groups, younger and 
older animals offering more difficulties 

It IS premature to attempt to assess the importance of these experimental results 
to mouse leukemia, but they seem to call for a re-examination of the relevant prob- 
lems on a wider basis 
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IS LEUKEMIA A DISEASE OE THE RE 7 ICULO-ENDOTHELIAL SYSTEM? 


E) Untci K Wisi MAN, M D 

AT THE t\\cnt\ -<:c>.onJ \ cir milestone follou mg discovery of a rewarding treat- 
X Jl- nicnt of pernicious ancmi i In Minot and Murph) , tlicrc is little doubt that 
the problem presented b\ Icukcmn is more important than any other in the field 
ofhcimtolog\ Whether the increasing incidence in this disease is actual or only 
apparent due to more refinements in diagnosis (especially the widespread use of 
bone marrow biopsv) and more plnsicians interested in hematology is debatable 
In an) ease, the frcqucne\ with w'hich this diagnosis is made is undoubtedly rising ^ 
This fact IS highlighted In the observation that little or no real progress has been 
made in pathogenesis or treatment, sinec wnth unimportant exceptions, the effi- 
cienc) of treatment b\ blood transfusions and \-ra) therapy is still supreme (and 
unsatisfactor\) and the prognosis for longevity remains unchanged These facts 
suggest that a fresh, if not new-, point of view' wnth respect to this disease would 
not be undesirable The present obser\'ations in a series of clinical and hemato- 
logic studies of monocytic leukemia may suggest an important role of the reticulo- 
endothelial s)stcm in the mechanism of the production of leukemia 

Thl Reticulo-Endotiielial Sxstem 

Although ameboid cells in the connective tissues, distinct from the blood cells, 
were described as long ago as at least 1863,- it remained for Aschoff in 1913, work- 
ing with vital staining methods using lithium carmine, to recognize that the pha- 
gocytic cells described by various cytologists under varying names were wide- 
spread throughout the body, forming a system of cells ^ ^ Almost at the same time, 
hematologists were struggling with the problem of the identity of the monocyte, 
thought to be a white blood cell with exceedingly well developed powers of pha- 
gocytosis but resembling the neutrophilic leukocyte on the one hand and the lym- 
phocyte on the other These conflicting observations were resolved by Schilhng- 
Torgan® by establishing that the monocyte is a separate cell type This was the 
general situation until 192.5 when abundant evidence began to accumulate from the 
study of inflamed tissue and especially from tissue culture technics that mono- 
cytes and clasmatocytes were capable of transformation from one to the other 
(table i) Recently, in our laboratory, this transformation has been convincingly 
demonstrated by Houghton^ with a single cell tissue culture technic This observa- 
tion has been further strengthened by the identification of transitional types of 
mononuclear phagocytic cells in human blood which, when strained supravitally, 
have characteristics of both monocytes and clasmatocytes (see also fig 6) 

At present, therefore, it seems to some of us rather convincingly demonstrated 
that the monocyte is a derivative of the reticulo-endothelial system and that this 
system, having a blood as well as a tissue component, greatly exceeds in extent and 
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importance that which was originally indicated by the concept of Aschoff and 
Kiyono Monocytic leukemia, therefore, may be regarded as fundamentally and in 
fact as a leukemic reticulo-endotheliosis Monocytic leukemia might, therefore, 
furnish a valuable approach to the study of the various reactions and potenuals 
of the reticulo-endothelial system of cells when under intense stimulation 


Reactions of the Reticulo-Endothelial System XERinNATiNO 
IN Monocytic LsuKEi^nA 

During the past seventeen years in our clinic at Columbus, i9X cases of monoc)Tic 
lepkemia have been studied Many of these have shown the most unusual c}’to- 
logic reactions in our entire experience with the blood dyscrasias of all t}'pes 
This has recently been the subject of comment Cases imtially appearing to be 


Table i — Historical Development of Identity and Ktlationsbtps of Msmogte 

Clasmatoiyte and Fibroblast 


Changing concepts of the separate idenat)’ of the monoct tc arc shown in the left panel, of the clasma 
tocjTc in the right panel The bottom horizontal strip indicates that, under proper environmental condi 
tions, monoc) te, clasmatocjtc and fibroblast may revert from the one to the other 


Monoerte 

Qasroatocytt 

Blood 

Cbtmcctjrc 

Transitional Ncutrophilc (Ehrlich-Naegcli) 
Ncutrophilc docs not contain azur granules 
(Michaelis Wolfe 1901) 

Independence of Monocjae &. Ncutrophilc 
(Pappenhcim 6^ Fcrrata 1911) 

Monoc) tc a separate cell type 
(Schilling-Torgau) j 

Monocytic leukemia described 

(Schilling-Torgau &. Rcschad 1913) 

1 

Clasmatocytc (Ranvicr 1S91) 

Macrophage separated from microphagc 
(MctchmLoff i89x) 

Adtcnatial Cells (Marchant 1890) 

Polyblast (Mavimow 190X) 

Clasmat , Macrophage, Adventitial cell and 
Polyblast identical (Goldman 1909) 

Histiocyte &. R E. System 
(Aschoff &. Kijono 1913) 

Monocyte ^ ^ Clasmatocjtc < ^ Fibroblast 

Tissue Culture, Lctvis, Houghton etc 19x3-46 


myeloid, or lymphatic leukemia but terminating as classic monocytic leukemia 
have been seen in addition to those which showed approximately equal numbers 
of all three cell tj’pes throughout the entire course of the disease Instances lO 
which there was an early stimulation of megaloblasts have been observed 
cythemia vera coexisted in one case In several instances, long rcrmssions wi 
near normal hematologic recover}^ occurred at a time when with marked anemia 
and thrombocytopenia existing the disease was thought to be far advanced y 
amples of a few of these unusual hematologic reactions will be given in brief sum 


marization 


Case Reports 

Gise I (Fig i) This pattenr, a colored male, age iS, as first seen on December 30, 1946. 

ing marlvcd generalized adenopatht and splenomegah The h mph nodes were evcecding \ ar 



LIUKLNJIA a nisi Am OI TUI UliTICUIO-LNnOTItLLIAL system? 


865 

pilpition ind tiic '•plccn <ji)i{c iii)iiiil;ir l>iu iKn \crx Jnrd Rcpcitcd hone nnrrou ispintions from the 
filled to '■how miin ficc cclK, ilic hone mirron content hem;? cliicflt reticulum cells ind 1 fci\ 
inonohIa<;ts Bits of <^o|(d hone iiurrou {i>-';uc, howeter, consi-itcd ilmnst cntircl) of reticulum cells An 
occsMonil mcpactnocMc \\a<. veen and 1 fair ••pnni.linq of mteloid cells in ill stages of maturation 
Iimpli node hiops\ showed complete loss nf architcctiirc, the cellular content being composed almost 


KTICULO-ENOOTHELIOSIS 
WF d'A^ed IB* WITHOUT LEUCEMlA » 



Fig ' 

rcacuons in a pauent 'With “pure” rcuculo-cndotheliosis Case i of 
hitc cells in sctoi-logarithimc scale 

monoblasts Reference to figure a shows increasing difficulty m the supply 
which blood elements, even before the applicaaon of the mtrogen mustard and deep v:-ray therapy, 

^ . madcntally, resulted in no visible decrease in the size of the adenopathy or splenomegaly 
Th 

Iitrtl shown as an instance of reticulo-endothelial hyperplasia with very 

e tendency to do other than reduplicate its own type of cell This, therefore. 
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would be an instance of almost “pure” reticulo-endotheliosis, and is to be con- 
trasted especially with the following case 

Aieufeemia Leucopemc 



BONE MACBOIW 

3 5-47 

PMN 

U5 

Myelo C 

400 

Myelo 5 

16 0 

PMB 

05 

PME 

Myelo C 

05 

Lymphocyte 

45 

Monocyte 

10 

Monoblast 

165 

Megakaryocyte 

05 

Normoblasts 

130 

Erytbroblast 

Late 

40 

Early 

20 

Me^aloblasC 

05 


Fig 2, Graphic representation of the blood findings in a patient witn aicuKcmi^ technic 

liosis Case x of text The differential cell-count of the bone marrow as obtained by in 

IS sho^^n in the %crtical panel on the right Nucleated red cells listed refer to the nutn enco 
counting 100 ^\hltc blood cells 

Cas( J (Fig z) This pauent, a white male aged 84 ) ears, has been ill about 

w hich time his clinical and hematologic state has varied little He has rcceis cd b o ir^^^ 
once a month to maintain his red cell count There is no apparent ph)sical record 

about in the same fashion as almost an\ man of the stated age Figure z shons t e c 
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for a t)pical month (Mnrcli, 1947), during winch time he rcccned urethane Although this medication 
apparentia impro\cd tlic leads of blood platelets and ncutrophiles, it was discontinued because the pa- 
tient dcfinitda felt worse when he was on this form of treatment Of importance to the present discussion 
IS the fact, death shown on tins graph, that the lead of monocates in the blood arc aery loav aaith no 
immature forms present at all, aa hile the bone marroaa constantl) shoaa s a small, but definite, percentage 
of monoblasts aahich docs not aara apprcciabla from time to tunc 


ALtUKCMtC (tbanjiinj to Ifuttmlc) 

0-6044 DK9A^ed^6v('5 MONOCYTIC LEUKEMIA 



Fig 3 Graphic representation of the blood findings in a patient in avhich transition from aleukemic 
to leukemic monoblastic Icukcnua occurred White cells in scmi-logarithrmc scale Case 3 of text The 
ncrcnual cell-count of the bone marroav in the aleukemic phase is shoavn in the vcrucal panel on the 
tight Nucleated red cells listed refer to the number seen in counting 30 white blood cells 

This case illustrates a minimal reaction of the reticulo-endothelial system in the 
direction of producing monoblasts with little tendency for maturation to mono- 
cytes This IS reflected in a clinical course that is unchanging, paralleling the sta- 
tionary character of the hematologic reaction 

Cast } (Fig 3) This patient, a \\ihite female, aged 46 years, illustrates the transition from an alcu- 
c^c state, in w hich no qualitau vc or quantitauvc changes in the blood monocj'tes could be detected, to 
^ ank monoblastic leukemia Also illustrated is the dccepaveness of attempnng to interpret the bone 
marrow findings as obtained bj the aspirauon techmc when the marrow does not aspirate fi-eely Re- 
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pcatcd samplings of the marrow were attempted from the sternum but only a few drops of acellular fluid 
were obtained on each occasion In this material no free monoblasts and no increase in monocytes were 
obtained, as shown in figure 3 (right panel) Monoblasts first appeared in the blood seven days before 
death, but monocytes were never increased 

Case 4 (Fig 4) Demonstrated here is a case of monoblastic leukemia in which, dunng the early 
phases of the disease, an appreaable number of megaloblasts were found in the bone marrow, when mono- 
blasts were not apparent in this tissue When leukemia first became clearly evident, small numbers of 
monoblasts began to appear in the marrow but megaloblasts were no longer to be found Later, large 
numbers of monoblasts were present in both blood and bone marrow 
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Fig 4 Hematologic graph of a patient with monoblastic leukemia in which megaloblasts and i 
creased numbers of early cry'throblasts occurred in the bone marrow during the early course of the 
Case 4 of text Tj-pical bone marrow findings arc given during the early phases (first vertica ^ 

right of graph) and late phases (second \crtical panel) of the leukemia Nucleated red ccl s s o'vn 
indicate number seen in counting loo white blood cells White cells plotted in scmi-logarithraic sea c 


The data in this case suggest a low grade stimulation of the reticulo-en ot c i 
system, in the early phases of which pathologic megaloblasts were the rst a 
normal free cells to appear in proximity to reticulo-endothehal tissue, ater, 
stimulus resulted in more directional changes in terms of formation of mono 


Case } (Fig 5) This case of monoc) tic leukemia is remarkable because of the f 

thcmic levels of red blood cells The patient had a large spleen (extending to the etc ® ‘ 

which was remosed at another hospital, the tissues being unfortunatelj lost membranes, 

dime the usual climcal signs of pohcsthemia acra were present, i c , chen) re ^j^nopaths 

Incr-liLc tongue, distended dark rcunal \cins, chronic conjunctions, etc 
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The initial blood cxiniimtion (lig 5)<;Iio\\cd liigh lc\cl<: for ill the circuliting blood elements including 
rcticuloct tes However, the onlv pathologic white cells found were monoblasts although young and 
mature raonoev tes were distmctlv plentiful Radiation therapv with radioactive phosphorus as shown 


MONOCYTIC LEUKEMIA 



pr^umably has decreased the monoblasts in the blood almost to the vamshing point so that now the 
patient shows little else than the classic hematologic and clinical signs of polycythemia vera 

We interpret these bizarre hematologic events to be the result of increased stimu- 
atory effects upon the reticulo-cndothelial system with dominate effect upon the 
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intersinusoidal reticulo-endotheliai system capillaries (red cell-forming precursory 
tissues) of the marrow, producing increased numbers of mature erythrocytes 
Elsewhere, this stimulus results in a monocytic response resembling the average 


MYEL0BLA5TIC TO 

0-6765 -WCd'A^ed 44 vps n0N0BLf\5TlC LEUKEMIA 



1945 JULY ADO OCT NOV 


Flo 6 Graphic representation of the blood findings in a case of myeloblastic leoLcniia, later term 
ing as monoblastic leukemia Case 6 of text White cells in semi-logarithmic scale 

case of monocytic leukemia except for the unusually favorable response to radiatio 
therapy 


Cast 6 (Fig 6 ) This patient initialh presented with the penpheral blood and bo 
of mjcloblasac leukemia As shown in figure 6 , neutrophilic lcukoc>tcs consatut p 
arculaung let cl of 50,000 white blood cells, indicating that our diagnosis of the im 
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at that time as mtcliihlasts anj not nxmoblasis was prohabh correct Suhsequentlv, and coincidcntly, 
with radiation therapt as shown, tlic nucloid reaction complctela disappeared to be replaced by a blood 
and bone marrow picture of monoc\tic leukemia wliicli persisted until death Aiitops) findings in this 
and the preceding cases were those iisualb noted in inonoca tic Iciilvcmia described in a preaious publica- 
tion from this’^ and other laboratories There is some caidencc here that maeloblastic leukemia may 



one inanifcstauon of rcticuJo-endothcIial disease If the myeloblasts did not arise originally from 
o-endothclial stimulation, it is difficult to understand why the proliferation of these cells did not 
penist With the advent of the monocytic reaction 

Cases similar to the above, in tvhich the initial cell stimulation consisted of 
}Tnphocytes with immature lymphoid elements present, and others in which im- 
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mature elements of all three types of white blood cells were increased in approxi- 
mate equal proportions, have been previously described and reported from this 
laboratory^® and need not receive additional emphasis in this communication 


Case 7 (Fig 7) This patient furnishes, through the observed hematologic reactions during her illness, 
additional evidence that the reticulo-cndothelial system may undoubtedly undergo stimulatory changes 
resulung in a leukemia of reticulo-endothelial cells In this chart, only morphologically classic mono- 
cytes are labeled as such, represented by the heavy solid line However, the dotted line of the graph 
represents phagocytic cells, many of which had predoimnating monocytic characterisucs as well as cells 
that were defimtely clasmatocytes and endothehal cells There is little doubt that this was a leukemia 
of reuculo-endothelial elements in which monocytes participated as one of the pathologic cells Blood 
cultures were sterile and there was no evidence of bacterial endocarditis or other sepsis 

Discussion 


Doubt that monocytes are derivatives of the reticulo-endothehal system, and that 
monocytic leukemia is therefore not a disease of this system of cells has often been 
expressed, chiefly because rcticulo-endothclial hyperplasia is not always demon- 
strable in this disease It should be pointed out, however, that numerical increase 
in the reticulum and specific endothelial cells probably will not be apparent unless 
maturation of these elements is obstructed That is to say, when cell division and 


maturation occur uninhibited, hyperplasia of that cell type often is not apparent 
by microscopic examination of the tissue in question, the numerical increase is 
noted only in the end-state cell An excellent example of a tissue reaction support 
ing this statement is furnished by almost universally accepted observations in 
pernicious anemia During the phase of relapse, megaloblastic hyperplasia with 
the separate power of division of the cell intact is outstanding in the near absence 


of maturative principle When the maturativc principle is supplied, however, 
megaloblasts rapidly disappear, so that within forty eight hours and thereaher, 
no greater number of megaloblasts can be foimd in the bone marrow than is ap- 
parent in a normal resting marrow Within seven days, however, mature red blood 
cells arc being supplied to the circulation in maximum numbers, i,e , only the end 
cell product is visibly increased, although little doubt can be entertained that these 
new red cells are taking origin primarily from the megaloblasts There is little 
reason therefore to demand visible evidence of reticulo-endothelial hyperplasia m 


monocytic leukemia to satisfy the hypothesis that in this disease the monocytes 
take ongin from the reticulo-endothelial system In a blood cell stram, tt is only t t 
cell in the end-stage of maturation that regularly shows a-pfrectable and visible quantitative 
increase under conditions of stimulation, not the -precursor cells 

If this statement is accepted, it follows that there is no valid reason to discount 
the distinct possibility that leukemias of all cell types are primarily diseases o 
the reticulo-endothelial system The case studies cited in the foregoing part ° ^ ^ 
paper offer some evidence that under an unknown type of stimulus to the rcticu 
endothelial system (as indicated by the advent of monocytic leukemia at 
phase of the disease), there may be formed large numbers of myeloblasts, ) mp o 
blasts and even megaloblasts It is possible in the cited cases that 
one or another of the t>pcs of cells occurred because maturativc substance or 
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cell type was temporarily deficient Eventually, the body resources were able to 
mobilize adequate quantities of maturing substances for this cell type, the final 
failure coming in inability to supply suflicient cell maturing factor for monocytes, 
thus in the end determing the death of the individual from monoblastic leukemia 
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Flo 8 Diagrammatic representation of the relationship between the reticulo-cndothelial system, normal 
blood formation (upper one-third of chart) and pathologic reactions producing disease (lower two-thirds 
of chart) This chart expresses the view that neoplasm of the reticulo-endothelial cells (labeled sarcoma) 
gives a different reaction than that of the bulk of the diseases of the reticulo-endothelial system (labeled 
teticulo-cndotheliosis), the latter being characterized by, among other things, disturbances in lipid 
metabolism Hodgkin s disease is shown as a third form of disturbance of reticulo endothelial tissue 
It IS possible that sarcoidosis (not shown) is a fourth variety of reticulo-endothelial disease Myeloid 
and lymphoid leukemia are indicated in broken lines as possibly also a primary disease of reticulo-endo- 
thelial cells as suggested in text 


This discussion leads to the following suggestions of a possible mechanism for 
the production of leukemia 

I Leukemia, irrespective of cell type, may be the result of unknown stimula- 
tory effects upon the reticulo-endothelial system 

2. The type of leukemia observed may be determined by the failure of the body 
to supply specific maturative substance or substances at one or more phases in 
development in that cell strain in quantity to keep up with the particular intensity 
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of reticulo-endothelial stimulation operating at that time in that mdividual organ- 
ism 

3 Specific cytologic maturative substances may be multiple in types and chemi- 
cal identity and failure of supply of one type may not necessarily prejudice ade- 
quate supplies of another type “The chain breaks at its weakest link ’’ 

4 The bizarre varieties of leukemia regularly seen in all hematologic labora- 
tories may result from multiple mixed failures of maturation factor varying as to 
type specificity and as to degree 

This explanation of the production of leukemia, although admittedly specula- 
tive, satisfactorily accounts for many if not all of the puzzling features regularly 
encountered in patients with this disease by using only one basic mechamsm with- 
out recourse to multiple theories The concept of specific cell maturation substances 
IS cytologically correct and the existence of one such substance for megaloblasts 
has been proved In addition to the need for more information relating to other 
maturative factors, more facts are needed with respect to influences that are stimu- 
latory to the reticulo-endothelial system Particularly, in this regard is there need 
for additional study of hpid metabolism and the influence of lipids upon this system 
of cells^® (fig 8) 


Summary 

1 Evidence is given from case study of reticulo-endothelial disease supporting 
the concept that monocytic leukemia is one form of reticulo-cndothehosis 

X On the basis of varied types of cell reactions seen in monocyuc leukemia, it is 
suggested that all forms of leukemia may be hematologic varieties of reticulo- 
endothehosis 
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THE POSSIBILITY OF PRECIPITATING THE LEUKEMIC STATE BY 

EMOTIONAL FACTORS 


Bjv F R Miller, M D , and H W Jones, M D 

L eukemia m the human individual may develop without any known pre- 
cursor, but frequently it occurs following a precipitating incident or set of 
incidents It is apparent from a review of the literature that various physical, 
chemical and possibly infectious agents are involved in the inception of some of 
these diseases ^ Exposure to irradiation from x-ray or radium, contact with or 
exposure to benzol or its derivatives, physical trauma, and the use of arsenical and 
sulphonamidc drugs are some of such agents Infections which seem to have played 
a part in precipitating these diseases are tuberculosis, syphilis and pneumonia 
The relation of infection in this regard is not as well established as that of the 
physical and chemical agents Exposure to benzol and exposure to irradiation from 
x-ray or radium are more clearly related to the precipitation of the leukemic state 
than IS exposure to other agents 

No one believes that these agents cause leukemia, but it is possible that each 
may act to upset the normal balance of blood formation so that leukemia results 
Results of experimental work^ ^ * point to the normal control of blood forma- 
tion by hormonal as well as dietary factors If leukemia is precipitated by these 
chemical and physical agents, this probably is brought about by changing the 
hormonal balance In those cases of leukemia in which such agents are not un- 
covered in the pre-leukemic history, it is possible that emotional factors may have 
acted in a similar role in precipitating the leukemic state 

For many years, the influence of emotional reactions on physiologic processes 
has been well known, but only within comparatively recent times have studies 
revealed the significance of emotional factors in precipitating or aggravating a 
number of disease processes such as peptic ulcer, asthma, mucous colitis, etc s 
the etiologic importance of these factors has been demonstrated, a much better 
understanding of these illnesses has been brought about Miikorat® and his co 
workers showed that leukocytosis, with a normal differential, appeared to e 
intimately related to the psychopathologic emotion ’ ’ They explained the elevation 
of the total white cell count on the basis of a ‘ ‘redistribution of the white ce 
from the organ reservoirs ” It is well known that there is an intimate intcrre ation^ 
ship between emotional factors, the autonomic nervous system and the en ocrin 
glands These findings, therefore, have led us to believe that the frequent i 

of emotional difficulties in patients with leukemia may be more than a coinci 
finding Often these patients volunteered a great deal of material concerning t 
own psychologic difficulties Therefore, we have endeavored in a cw case^ 
leukemia to determine the emotional backgroimd, and in this pa^r we wis 
present and discuss the emotional histones of 6 cases prior to the deve opm 
leukemia 

From the Charlotte Drake Cardeza Foundation, Jefferson Medical College Hospital, Phil P 
Penns) Ivania 
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brought up on a farm but at the age of xi he was restless and ambitious to go into business He mamed 
at zo and his wife was never well At xz, he worried over finanaal losses incurred in a filhng station which 
he owned His wife died, four years after their marriage, while giving birth to a child He was worried 
and grief-stncken but he worked hard and did fairly well in business, saving about $zo,ooo up to 1919 
From 1930 through 1933 he was womed about finances most of the time He lost his business, spent his 
entire savings and then went back to work for his father on a fruit farm There he made no money, was 
depressed and later fought with his father and left the farm discouraged and unhappy Throughout this 
entire time, he was physically well In 1934, he again tned to go into business, detenmned to makegood, 
and throughout 1934-7 he was not so easily worried and his finances were a httlc better managed In 
1937, he had his teeth extracted and he bled considerably and this again worried him He also ored easily 
at this time and had no pep In 1938, he used up his savings again, was unable to work well and every- 
thing then seemed to go from bad to worse ’ He was afraid, and seemed to have lost his nerve, and he 
cried easily Late in 1938, the diagnosis of chronic myeloid leukemia was made This patient died at home. 
May 1940 A necropsy was not obtained 


Cast ^ G P was a 46 year old man who was first seen in the Jefferson Hospital, Philadelphia, clinic 
the winter of 1940 He had had chronic myeloid leukemia for six years, and had been treated in several 
other chmes A psj chiatnc interview was held in October 1940 He was of German-Amcrican extraction 
His school work had been of good quality but he went to work immediately following graduation fi'om 
high school At about Z5 years of age he went to work for a rubber company and a year later was mamed, 
but almost immediately afterwards he was transferred from New Jersey to a plant in Canada Here he 
was placed in complete charge of construction, production and sales of a new branch of his company His 
wife, however, remained in the United Sutes the first year Almost the enure burden of rcsponsibihty 
of the new plant w-as carried by him He had few fiuends and almost no one to whom he could con c 
his difficulues He was under considerable tension and felt that the rcsponsibihty was very great 
this time he began to have queer sensations in his stomach and his digesuon was poor He became 
easily faugued and had great difficulty in sleeping A little later he began to have attacks of vomiung 
and severe headaches These symptoms lasted for several years and were pronounced whenever the pres 
sure of business was heaviest 

His first child was born when he was 34 At the age of 37, or two years before leukemia was apparM^ 
his branch of the company lost $70,000 dunng the year This was an added source of anxietv to ni 
he took the responsibihty for the loss His second child was born four months before the diagnosis ^ 
leukemia was made Ac this time, he was overworked and worried because of the company 
well as his own He developed an infection of his neck and during the care of this, leukemia was 
covered 

Anxiety and worry concermng his family and company were not lessened with the diagnos 
leukemia but he became philosophic He said that he believed there were spontaneous 
that he would have one He read much concermng leukemia and he tried to help in caring for . 

He stated that he had had definite mood swings all his life, some weeks he felt on topo t c 
other weeks he was down in the dumps and every little job looked twice as big as it oug 
leukemia was discovered in December 1933 and conunued through March 1941, or over 
died in Memorial Hospital, New York City, March 1941, and a necropsy revealed typica 
chrome myeloid leukemia 

Cast} P H was a 33 year old white man He entered Lakeside Hospital, Cleveland, in^t^^ 

of 1939 where a diagnosis of chrome myeloid leukemia was made In February 19391 ^ himseH^ 

view was obtained The patient had worried over small things his entire life In 1918 Im "O j,£ 

sick about cv cry thing He had been a caretaker on an estate and he had worried a ^ 

did not believe he was doing well and every thing seemed to go wrong He became Xhe 

not sleep and he lost his appetite The estate was then sold and he became caretaker ^ 
owner committed suicide, but before this happened he had felt better and was omg rat ^ 
suicide was a shock to him Following this episode he had worked on yet anot cr «ta e 

eightyears While working on this estate, he was worried and sensitive to criticism He ag**” 

father died and he became depressed He worked night and ^ ^nmeonewas poisoning the 

changed his position and became even more womed At this time he believed 
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pheasants he was raising and thought that this was being done to change the control of the estate This 
led to a fight with another man on the estate 

In August 1938, he became extremely depressed and wanted to die He thought people were making 
fun of him and believed that someone had it in for him and was plotung against him He thought 
that “the world was wrong Then he lost interest in everything and could neither eat nor sleep He 
lost his self confidence, and was always afraid he would make mistakes Although he had death wishes, 
he had no smcidal ideas He cried a great deal, and he tried to be alone and would walk the streets His 
depression grew worse until, in November 1938, he was physically sick At this time he had pains in 
both hips and numbness and tingling from knees to feet He had no vitality or energy and felt a pressure 
on top of his head and pain in the back of his neck He thought he was going to die and made a will and 
just waited In February 1939, it was foimd that his spleen was enlarged and that his leukocyte count 
was elevated The pauent died in Lakeside Hospital, August 1941 The necropsy findings were typical 
of chronic myeloid leukemia 

Case 6 M A , a 40 year old white woman, entered Jefferson Hospital, Philadelphia, in December 1946 
A psychiatric interview was held in January 1947 The patient appeared pale, underweight and consider- 
ably older than the age of 40 She wept when she talked about her husband She is married to a miner and 
has nine children Her husband is an alcoholic who has been cruel and a poor provider After ti%enty 
years of mantal difficulty, she finally forced her husband to leave their home in October 1945 At present 
she has $93 a month from Mother s Relief and a few dollars irregularly from her husband to care for 
her nine children 

She was one of four children Her father was an alcoholic and he was unstable She stopped school 
at the age of 14 — the 6th grade — because she had to work and help support the family Despite her dif- 
ficult life there were few somatic complamts unul two years ago when she began to be easily fatigued 
and lost weight It was at this time that the difficulty with her husband became acute 

She IS a Catholic and very religious The impression of the interviewer was hfe-long insecurit) related 
to difficult environment and a lack of affection as a child Her mam defense \%as compliance, religion, 
patience and acceptance It is difficult to evaluate the exact relationship betvseen her emotional difficulties 
and her present disease, but it is apparent that the emotional difficulues have played a part in the develop- 
ment of the orgamc disease 

It was found in October 1946 that her spleen was enlarged and the leukocj te count w as elevated She 
IS noM being given treatment for chrome myeloid leukemia 

Discussion 

In this short series, only cases of chronic myeloid leukemia have been included 
Psychiatric interviews, however, have been held with 3 patients with chronic 
lymphoid leukemia and only one of these has given much evidence of emotional 
difficulties in the background One patient with chronic eosinophilic leukemia 
was also interviewed, and it was found that following an accident in the plant in 
which he worked he frequently had somatic s) mptoms when he was in the room 
in which the accident had occurred Otherwise, there w^as little in his pre-leukemic 
historj" which might have acted to precipitate the disease 

Psjchiatnc interxucws have not been held wuth patients with acute leukemia, 
nor have we examined the emotional background of cither patients or parents of 
'mj of the childhood leukemias 

Clinical data of all t) pcs ha\ c been left out of this report because each case repre- 
•^ented a t3pical picture of chronic m^cloId leukemia In onh one of these patients. 
Case 4, was there an\ cxidence in the prc-lcukemic histon of chemical or ph\sical 
agents which might haxc precipitated the leukemia This man worked in a rubber 
plant but he was not exposed to chemical agents 

Anxicn, depression and chronic worrv affected 4 of the 6 patients of whom 
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case reports are given Each of these 4 had conversion symptoms such as nausea, 
vomiting and loss of appetite One had pain in his hips and a feeling of pressure 
at the top of his head Three of these 4 had loss of appetite and sleeplessness Three 
of these 4 cried easily so that it might be said that each of the 4 was somewhat 
emotionally unstable prior to the development of leukemia One of the other i had 
had emotional strain as a girl and later hysteria, difficulties and disappointments 
because she married a man she did not wholly love The sixth had lead a life of 
misery as a child and for twenty married years It may not be entirely convincing 
that the material in such histones has precipitated the leukemic state Heuper^ has 
stated that the leukemic state has not been precipitated by emotional or psychic 
trauma These histones, however, run somewhat contra to this statement 

Recently, it has been shown that in the past forty-five years there has been a 
marked increase in the incidence of leukemia ® Drugs, industrial hazards, irradia- 
tion from x-ray and atomic sources, and the increased hazard of physical trauma 
of our age may have brought about this increase The increased tempo of life m 
the past forty-five years, with its increased sources of anxiety, worry and emotional 
stress and strain, may also have aided in increasing the number of deaths from 
leukemia 

It seems to us that all cases of leukemia in adults should be studied for any and 
all factors which may have played a part in the precipitation of the disease and 
such a study should include emotional factors Against a statistical study of emo- 
tional factors in all cases, there should be plotted a particular study of those cases 
in which other factors have been ruled out 

Summary 

The emotional background of 6 cases of chronic myeloid leukemia are reviewed 
after psychiatric interviews In 4, emotional instability was of long standing an 
in these 4, chrome worry and anxiety seemed to be an integral part of the pre 
leukemic history One of the other z suffered emotional trauma early in life and one 
had lived a life of misery as a child and an adult Further study of emotiona 
factors in relation to pre-leukemic histones should be made 
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THE PRESENT POSITION IN THE TREATMENT OF CHRONIC 

MYELOID LEUKEMIA 


By A PiNEY, M D , M R C P 

I T IS not proposed to devote this article to a detailed description of the various 
methods of treating chronic myeloid leukemia or to a statistical assessment of 
the results The aim is rather to consider the theoretic bases on which the different 
forms of therapy have been devised, while, incidentally, indicating whether the 
observed results are such as to support the hypotheses 
That the problem of the etiology of the leukemias is almost as obscure as it was 
a century ago, when Hughes Bennett and Virchow, independently of one another, 
published the first accounts of the disease, is indisputable And this assertion is not 
invalidated by the discovery of the transmissible leukemias of lower animals, 
which has, in fact, complicated, rather than clarified, the problem of the disease as 
It IS observed in man But in spite of the distressing lacuna in our knowledge, re- 
search into the treatment of the chronic forms of leukemia has been pursued in a 
manner, which has, on the whole, been scientific, rather than purely empiric And 
this has been possible because we are less abysmally ignorant of the underlying 
pathologic and cytogenetic factors than we are of the causative ones 
For instance, it is patent that, in the leukemias, there is gross overgrowth of 
hemopoietic tissue, which in the case of our present subject of discussion — chronic 
myeloid leukemia — is the bone marrow And, at this point, it is important to 
realize that the intense proliferation of white cells in the marrow is not to be con- 
sidered as an example of hyperplasia, because that concept includes that of increase 
in the number of normal cells in normal arrangement, with, as a result, increased, 
but essentially normal, functional ability Thus, the extremely active cellular 
marrow found in many infections is an example of hyperplasia, whereas the more 
or less disorderly proliferation in myeloid leukemia is to be considered as patho- 
logic overgrowth And this is true whether the malady be included with the 
neoplastic ones or not 

Now, in normal postnatal life, the mature granulocytes found in the circulation 
arise from mitotic division of granular myelocytes That is to say, the polymor- 
phonuclear leukocytes, with their specific granulation, arise from simpler cells, 
which do, however, already possess characteristic granules in their cytoplasm 
Less mature cells — myeloblasts — are not involved in the process, forming, as it 
were, a reserve of stem-cells which are not normally called into action, and, even 
in severe infections, the marrow contains few myeloblasts, whereas myelocytes arc 
very numerous and show signs of active proliferation In fact, it is probably true 
that extension of the genealogic tree back to the myeloblast stage results in the 
formation of abnormal granulocytes In other words, there is reason to suppose 
that the abnormal white-cells which are so prominent a feature of the blood and 
marrow in chronic myeloid leukemia are produced from maturation of myelo- 

From St Mary s Hospital, Plaistow, London, England 
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blasts, and this view is consistent with the generally accepted statement chat the 
outlook IS the worse the greater the proportion of myeloblasts in the marrow 
Deterioration, that is to say, a tendency towards acuteness, in chronic myeloid 
leukemia is detectable in the marrow earlier than in the blood, because there is 
great overgrowth of myeloblasts (at the expense of myelocytes) before there is any 
noteworthy change from the “chronic” type of blood picture It is, therefore, 
reasonable to assume that conversion of chronic into acute leukemia comes about 
by a peculiar process of dedifferentiation 
First, there is increase in the number of myeloblasts in the marrow, although 
some or many of these cells have the power of maturing into more or less normal 
myelocytes, which, in turn, may give rise to polymorphonuclears or they may 
themselves emerge into the circulation Secondly, there is still further detenoration 
of the functional activity of the myeloblasts, which lose their power of becoming 
differentiated into myelocytes, and this represents the stage of complete and 
irreversible conversion of chrome myeloid leukemia into the acute form Of course, 
intermediate phases arc well known, as witness the presence of ill-formed myelo- 
cytes in the peripheral blood 

The brief discussion above will serve as a preface to the more distinctly thera- 
peutic problems which confront us, while, later, a rather more recondite con- 
sideration of the cytologic factors will be reqmred as an introduction to the most 
modern methods of treatment 

Probably the oldest method of treating chronic myeloid leukemia is by adminis- 
tration of arsenic, and this is especially interesting as an example of more or less 
successful empiricism, because the mode of action of the drug in blood dyscrasias is 
still obscure Now, of two facts, there can be no dispute first, arseme, properly 
exhibited, can bring about climcal and hematologic rermssion in many cases, and, 
secondly, that this is brought about by decreasing the activity of myeloblasts in 
reproducing themselves and in giving rise to myelocytes In other words, arseme, 
at least for a time, is able to cause leukocytopoiesis to proceed along more or less 
normal lines, while, at the same time, decreasing the gross ovcractmty of myelo- 
cytes in dividing and in differentiating into polymorphonuclears 

Physicians of a past generation, who, like us, were not averse to hiding ignorance 
under a cloak of words, valued arsenic for what was known as its alterative 
action And it is indisputable that this term is admirably descriptive of the cc 
of arsenic in chronic myeloid leukemia This was equally well shown, 
introduction of liver treatment, in pernicious anemia, by the effects on 
erythrocyte picture , 

There are many points of practical importance in connection with 
medication, as Forkner and Scott emphasized in 1931, when the drug, w ic 
almost fallen into disuse in the treatment of leukemia, was given a new ease 

A few of the advantages may be mentioned here Thus, arseme is cheap and 
available, and, if given in the early stages of chronic myeloid leukemia, it 
produces a good remission, which can sometimes be maintained for mont s or e^vc ^ 
years by continuing to admimster maintenance doses This second feature is a gr 
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advantage over irradiation, which has, of course, to be interrupted when the blood 
picture IS more or less normal, as, otherwise, aplasia of the marrow may ensue 
Not only does arsenic cause a reversion of the leukocyte picture to a more normal 
composition, but it produces amelioration of the anemia But it is debatable 
whether this is the result of a direct action of erythropoiesis, whether it is due to 
relief of pressure on the red stem-cells, or whether both (and perhaps other factors 
also) play a part 

This IS not the place to describe the minutiae of therapeutics, but it is well to 
point out that, when arsenic will no longer maintain the patient in a state of re- 
mission, irradiation may still do so However, it is essential to recollect that 
exposure to therapeutic irradiation shortly after a prolonged course of arsenic is 
likely to cause more severe reactions than would a similar dose of x-rays in a 
patient who has not had the drug This is alleged to be due to secondary radiation 
from the arsenic stored in the tissues, but whatever the explanation, a history of 
having taken arsenic for months before starting radiation treatment indicates the 
need for small and experimental dosage of x-rays 
Conversely, arsenic may be effective in some cases which have become resistant 
to x-rays, still inducing a remission when irradiation will no longer do so This is, 
of course, true only when the blood and marrow are still characteristic of the 
chronic form of the disease, but, if the failure of x-rays is due to conversion into 
the acute (myeloblastic) state, no known treatment will bring about a remission 
Another method of medicinal treatment, which, like arsenic, has to some extent 
fallen into undeserved disuse, is benzol, which also has the advantage of being 
given by mouth, while the dangers which have been attributed to its adminis- 
tration are entirely the result of gross overdosage 

Benzol is a well-known marrow poison, which has caused a good deal of trouble 
in various industrial processes for this reason It appears to damage the platelets, 
the granulocytes and the red corpuscles in that order, affecting the parent-cells and 
so reducing the mature forms in the blood 
It was this knowledge of the action of benzol which led to its use in treating 
leukemia, but there is no doubt that its effects are not entirely due to its myelotoxic 
action If given in suitable doses, the leukocyte count falls as a result of decrease in 
the number of immature and abnormal white-cells, while the red count rises, and 
the changes in the marrow are of the same type, viz , decrease of myeloblasts and a 
more normal activity of the myelocytes In fact, a new investigation of benzol is 
overdue, because it has now been established that prolonged exposure of healthy 
persons to small doses of benzol greatly increases the likelihood of the develop- 
ment of chrome myeloid leukemia 

If benzol is given when the leukocyte count is very high, it is best exhibited in 
capsules with olive oil, each contaimng o 5 Gm of benzol The course is started 
With four capsules daily, and, if there is no nausea, is rapidly increased to a maxi- 
mum of eight or ten daily This dose is continued until the leukocytes have fallen 
to about 50,000 per cu mm , when the dose is gradually reduced until the white- 
cell count IS about 15,000 per cu mm Then, it is often possible to find a smtablc 
maintenance dose, usually in the region of o 5 Gm two or three times a week 



888 


A PINEY 


Again like arsenic, benzol is still effective when radiation has become ineffective, 
but, unlike arsenic, a preliminary course of benzol is not liable to cause trouble 
during subsequent radiation treatment 

Benzol acts as an essentially destructive agent, which has a rather more powerful 
effect on immature cells than on mature ones hence, the beneficial results in 
chronic myeloid leukemia Unlike radioactivity and urethane, its effect on dividing 
cells IS no greater than on resting ones, so that it cannot be regarded as affecting 
the essential abnormality which is the cytologic basis of the disease 

For many years, the usual method of treating chrome myeloid leukemia has been 
with x-rays, and, as the results obtained are rapid and spectacular, arsenic and 
benzol have fallen into a poor second place As already indicated, the dislike of 
these two drugs is an ill-founded one 

Deep x-ray therapy can rapidly bring about a remission in the great majority of 
cases of chrome myeloid leukemia, but that is no reason for assuming that the 
radiologist is the right person to have charge in such cases The disease lies in the 
province of the physician, who is in a much better position than is the specialist 
radiologist to determine the most suitable therapy and to assess the results in 
individual cases 

This is not a denial of the right of the radiologist to determine which particular 
technic of irradiation is to be employed, but, despite quite acrimonious divergences 
of opimon between different schools, it can truthfully be said that the results 
obtained by the different methods are all approximately the same The length of 
the remission which is brought about is no longer when one radiologic technic, 
rather than another, is employed, and the development of radioresistance is not 
accelerated or postponed by any particular dosage or by exposures of different 
areas 

It IS probably no exaggeration to say that the development of therapeutic irradi- 
ation in cases of chronic myeloid leukemia has never been exploited as fully as it 
might have been Most physicians have been satisfied with the remission brought 
about by x-ray treatment and have kept careful watch for the earliest hematologic 
signs of relapse, and, when these have appeared, have returned the patient to the 
radiologist for further treatment 

The mild contempt with which arsemc has been regarded, and the fear of benzol 
as a possible cause of aplastic anemia, have prevented combined treatment from 
being used as extensively as might have been expected from our empiric knowledge 
of therapeutics In part, of course, this failure has been due to the habit of handing 
cases of chrome myeloid leukemia to the radiologist 

That the length of a remission which has been induced by x-rays can be pro 
longed by administration of maintenance doses of arsenic or benzol is indisputablc> 
but there arc no published records of individual cases which have been dealt wit 
in this way More and more attention has been given to irradiation, and less an 
less to medicinal treatment Thus, sodium phosphate, made radioactive b> i c 
cyclotron, has been hailed as a great advance in treatment, whereas, m fact, it 
main advantage is that it can be admimstercd orally, while the results have cen 
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much the same as those of other methods of exposing the leukemic cells to the 
destructive action of rays 

Even the most enthusiastic advocate of radiation treatment has not, it may be 
assumed, ever supposed that the method, however modified it might be in the 
future, would result in cure of leukemia Some workers have sought for a hypo- 
thetic virus, others for a toxin, and yet others for indications of a chemical or an 
endocrine factor, and it is probably correct to say that more and more adherents to 
the chemical (or constitutional) theory are won annually, although, of course, 
acceptance of this view does not exclude leukemia from the neoplastic class 

Only a very few indications of the evidence can be given here, but they may 
suffice to stimulate further work, while they form a more or less rational basis for 
the further discussion of medicinal treatment First, there is the well-known fact 
that the incidence of leukemia may be familial, although, admittedly, this is far 
from common Nevertheless, in the case of a disease so relatively rare, the existence 
of such cases suggests that some intrinsic factor is of etiologic importance, and such 
a view IS supported by the distinctly greater frequency of the chronic myeloid form 
in Jews Secondly, the fact that long-continued exposure to small concentrations of 
benzol (and perhaps of x-rays) increases the incidence of chrome myeloid leukemia 
seems to demonstrate that a chemical change underlies the abnormal proliferation 
which characterizes the disease 

But perhaps the best evidence, indirect though it is, may be found in certain 
more academic observations Thus, the cytologic changes which arc accepted as 
being indicative of malignancy are present, in more or less well-defined form, in 
leukemia The most conspicuous of these changes are hyperchromatism which is 
due to increase in the size of the chromosomes, enlargement of the nucleolus, vari- 
ation in the number of chromosomes, defects in the spindle during mitosis, and 
increased variability in the size of the cells and the nuclei Obviously, the question 
whether there is any casual sequence among these cell abnormalities demands 
answer 

An inadequate, but, I hope accurate, review of the fundamental work of Cas- 
persson, Darlington, Claude, and Thomas, will give some indication of the present 
position of the problem Thus, it is known that nucleic acid and nucleoproteins 
play an outstanding part in cellular activities Ribosc nucleic acid is produced by 
the hcterochromatic regions of the chromosomes, and is found in the nucleoli and 
in the cytoplasm It is closely associated with the synthesis of the self-perpetuating 
proteins in the cell-body Desoxyribose nucleic acid, which is produced during the 
prophase of mitosis, becomes attached to the chromosomes and is responsible for 
their reproduction While this is happemng, the nucleolus, with its store of ribose 
nucleic acid, dissolves and disappears Then, when the chromosomes have divided 
and have reformed as daughter nuclei, their charge of desoxyribose nucleic acid is 
given up and is reconstituted as ribose nucleic acid in the freshly formed nucleoli 

In normal cells, the two nucleic acids are so balanced that chromosome reproduc- 
tion and cytoplasmic synthesis are balanced, probably by the regulating action of 
heterochromatin If this be so, increase of heterochromatin will lead to excessive 
nuclear synthesis and therefore, to an increased rate of nuclear division 
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Endless and rather fruitless speculation along these lines is possible, but, even 
without departing far from solid experimental observations, something of im- 
portance can be inferred For instance. Beadle showed that mutation in a single 
nuclear gene can induce polymitosis, but the observations briefly discussed above 
indicate that mutation in cytoplasmic elements may also cause great change of 
cellular characters Then again, the existence of self-perpetuating elements in the 
cytoplasm (the plasmagenes of Darlington} throws some light on the characters of 
“viruses,” because both plasmagenes and viruses depend for their continuance on a 
chemical equilibrium, and Potter alleged that the “cancer virus” is almost identical 
with an enzyme X, which is a complex of respiratory enzymes of the nature of a 
ribonucleoprotein 

The chemical and the virus theories of the origin of malignant conditions, among 
which leukemia must be included (at least on cytologic grounds), arc thus found 
to be almost, if not entirely, unified 

These observations and similar reflections, together with further experimental 
work, form the basis of the urethane treatment of leukemia introduced by Haddow 
and Sexton, and investigated, by Paterson, Haddow and others And one point 
that emerges very clearly is that nucleic acids are of outstandmg sigmficance in the 
leukemias (and probably in all forms of malignancy) This is strikingly shown by 
the action of colchicine, which was first employed in medicine for its action in gout 
(a malady in which the metabolism of purins is upset), was then observed to act on 
the bone-marrow, later was discovered to have a remarkable effect on mitosis 
(for instance, in inducing polymitosis in wheat), and is now known to have some 
effect in leukemias And when the fairly common concomitance of gout and chronic 
myeloid leukemia is recollected, the skein of evidence, incriminating the purins, 
although still unravelled, seems to be fairly complete 

During experiments on the growth-inhibiting effects of urethane on animal 
tumors, Haddow and Sexton observed striking changes in the cells of the Walker 
rat carcinoma and a fall of the leukocyte count in some cases, and as there is little 
evidence that urethane is liable to cause aplasia of the marrow, it is preferable to 
benzol while being more efficacious than arsemc This suggested the trial of the 
drug in leukemias, and it is not too much to assert that further therapeutic app 
cation of this substance has shown that it is probably the most satisfactory treat 
ment for chrome meyloid leukemia now available , 

Urethane remains effective when x-rays have failed, but seems to be the met 0 
of treatment indicated from the outset in most cases But it is not to be suppos 


that the drug is in fact a cure for the disease , 

The composition of the leukocyte-picture approaches normal, the red ce s an 
hemoglobin rise, and the spleen retires behind the costal margin And it appears 
that these results depend upon the action of urethane at the prophase of mitosis 0 
the least differentiated stem-cells of the blood There is, in fact, a redistribution 0 
the nucleic acids, as shown by the Feulgen reaction The way is thus open or t^^ 
micro-chemist to find a new weapon for the even more fundamental 
the leukemias, but already urethane can often produce a prolonged perio o 
cally perfect remission 
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THE USE OF URETHANE (ETHYL CARBAMATE) IN 
THE TREATMENT OF LEUKEMIA 

A Preliminary Report 


By Charles H Watkins, M D , Talbert Cooper, M D , 
and Herbert Z Gifitn, M D 

H ADDOW and Sexton^ noted a coincidental depression of the leukocyte count 
during the course of observations on the effect of various forms of urethane 
on the growth of experimentally produced tumors in the rat As a result, the 
various forms of urethane, principally ethyl carbamate, were subsequently utilized 
in the treatment of leukemias and other types of malignant disease by Paterson, 
Thomas, Haddow and Watkinson ^ Encouraging results followed the administra- 
tion of urethane in the majority of 13 cases of myelogenous leukemia and, to a 
lesser extent, in 9 cases of lymphatic leukemia The most favorable response con- 
sisted of a reduction of the total leukocyte count to normal levels, producuon of a 
more nearly normal differential pattern, elevation of hemoglobin levels and 
diminution in the size of enlarged lymph nodes or spleen These effects were sus- 
tained for variable periods, the longest period of observation recorded being eleven 
months Symptoms of gastrointestinal irritation of mild to moderate degree 
rather commonly followed administration of the drug Aplastic anemia developed 
in z cases, in one of which there was a fatal termination In general, the results 
obtained were regarded as much like those following the use of the standar 
method of irradiation therapy 

The mode of action of urethane remains obscure Kirschbaum and Lu® observe 
that the admimstration of a single anesthetic dose of urethane to mice wit 
myelogenous leukemia resulted in a drop, within twenty-four hours, in the tota 
leukocyte count and in the appearance of many mature cells in the bone marrow 
The number of mitotic figures in the myeloid cells of the marrow was decrcas^^ 
and It was suggested that maturation may have been secondary to inhibition 0 
mitosis in blast cells Johnson^ observed that urethane exerts an antisulfanilami^e 
effect, similar to that of para-aminobenzoic acid, in work with certain strains 
luminous bacteria This would suggest that urethane’s growth-inhibiting prof^ 
erty may result from interference with utilization, in cellular metabolism, o so 
natural amine , 

At the Mayo Clinic, clinical experience with methane (ethyl carbamate) 
treatment of leukemic states now covers a period of approximately eight 
While the ultimate evaluation of this substance as a means of treatment 
leukemias obviously remains to be determined in the future, certain ^ 
observations may be of interest to those concerned in the management 
perplexing conditions 

From the Dnision of Medicine, Ma\o Clinic, Rochester, Minnesota 

852. 
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Results of Treatment 

Chrome myelogenous leukemia In 14 cases, urethane is now being used as the sole 
means of treatment The patients in these cases have been under treatment for 
periods ranging from seven weeks to eight months In all instances, the response 
to treatment thus far has been regarded as satisfactory and no supplementary 
measures have been required There has been a consistent reduction in the total 
leukocyte count (table i) accompanied by a parallel reduction in the degree of 
myeloid immaturity apparent in differential analysis of smears of the peripheral 
blood and sternal bone marrow The erythrocyte count and hemoglobin values have 
either shown a significant increase or have remained virtually unchanged In no 
instance has anemia or clinically significant thrombocytopenia developed during 


Table i — Earl) EJfects of Treatment of Chrome Myelogenous Leukemia with Urethane 


Urethane, Gm 

Leukocytes per cubic millimeter of blood 

Before treatment 

Sue weeks (average) after treatment 

65 

1X4,000 

2.3,500 

95 

Z 34 ,ooo 

93,600 

105 

155.000 

18,600 

68 

163,000 

XI, 100 

87 

145,000 

L3,6oo 

no 

307,000 

i 6 ,ooo 

91 

147,000 

46,000 

75 

l6o,ooo 

13,000 

40 

137,000 

9.590 

52- 

130,000 

X3 ,400 

168 

ilOjOOO 

84,000 

ZI 

164,000 

8,300 

85 

118,000 

14.75° 

72- 

117,000 

4x, 100 


the course of treatment Splenomegaly has been consistently and rapidly dimin- 
ished in degree, although in no case has a previously palpable spleen disappeared 
entirely The degree of response apparently was not affected by the initial level 
of the total leukocyte count, the duration of the illness or the amount of pre- 
vious irradiation therapy 

A satisfactory response to treatment was achieved in three to ten weeks (average 
SIX weeks) following the administration of li to 168 Gm of urethane (average 
80 Gm ) The drug was usually admimstered in a dosage of i Gm three times a 
day at the outset This amount was reduced to i to z Gm daily as the leukocyte 
count descended The primary fall in the leukocyte count usually occurred seven 
to fourteen days after the institution of therapy and was often preceded by a 
transient elevation However, in z cases, twenty-one to twenty-eight days of 
treatment was required to produce the initial depression of the leukocyte count 

The dosage necessary to maintain the leukocyte count at relativel) normal 
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levels (less than xo,ooo per cu mm of blood} has been highly variable, although 
for the 2 patients under observation for the longest periods, o 5 to i o Gm daily 
has been found adequate Weekly leukocyte counts are necessary in determining 
the long-term needs in the individual case, the amount of urethane admimstered 
being increased or reduced accordingly An effort has been made to maintain the 
total leukocyte count at 20,000 or less per cu mm and the drug has been temporar- 
ily discontinued when the total leukocyte count has been less than 10,000 per 
cu mm No cases of chronic leukopemc myelogenous leukemia were included in 
this series 

On cessation of therapy, recurrence of leukocytosis with myeloid immaturity 
invariably occurred after variable pieriods of time 
Mildly to moderately severe symptoms of gastrointestinal irritation occurred in 
approximately one third of the cases but disappeared with continued administra- 
tion of the drug, although a reduction in dosage was sometimes necessary A 
direct relationship between the size of the daily dose and the frequency of gastro- 
intestinal complaints was soon established and, in recent months, an amount in 
excess of 3 Gm daily has rarely been prescribed No other toxic mamfestations 
attributable to the drug were observed in this series 
Actete myelogenous leukemia Urethane was administered in 2 cases for periods of 
ten to fourteen days with no significant change in the clinical course, although 
there was some decrease in the degree of myeloid immaturity in smears of the 
peripheral blood and sternal marrow 

Chrome lymphatic leukemia The drug was admimstered, in apparently insufficient 
amounts, in 2 cases There was no appreciable effect on the total leukocyte count 
Acute lymphatic leukemia Urethane has been admimstered for periods of one to 
three weeks in 8 cases In three instances, there was a precipitous fall in the total 
leukocyte count, but in none was the general climcal course materially influenced 
Acute monocytic leukemia In 2 cases, treatment of one to three weeks duration 
produced no measurable hematologic or clinical change 


Comment 

Our experience would indicate that urethane can be expected to produce a 
temporary hematologic remission in cases of chronic myelogenous leukemia 
remission is similar, in superficial characteristics, to that observed after irra la i 
therapy There is, at the present time, no indication that urethane offers more t an 
other agents which are used palliatively in this disease However, by virtue o 
convenience of admimstration and the possible advantage of controlled, continue^ 
action, urethane may be found preferable to other methods of treatment in use 
the present time 

We have had insufficient experience with the use of urethane in the 
chronic lymphatic leukemia to warrant an opimon as to its efficacy However, 
reported experiences of Paterson and co-workers^ would seem to justi y contin 
use of the substance in such cases 

While, hke irradiation therapy, urethane may produce a rapid decrea 
number of immature leukocytes circulating in the blood in some cases o 
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myelogenous and lymphatic leukemia, there is no evidence to suggest that the 
usual course of these conditions has been beneficially influenced 
Despite the absence of serious toxic effects encountered in this series to date, 
the potential production of aplastic anemia and other complications® by this 
substance must be kept in mind 


SUMMARY 

Limited experience with the use of urethane in the treatment of leukemia indi- 
cates that this substance presents a considerable promise as a palliative agent in 
chronic myelogenous leukemia It has no apparent value in the treatment of 
acute leukemia 

Further extensive observation will be necessary to provide a true measure of the 
climcal usefulness of this preparation 
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URETHANE THERAPY IN LEUKEMIA 


By Adolph J Creskoff, M D , Thomas Fitz-Hugh, Jr , M D , and 

John W Frost, M D 


T he purpose of this paper is to report the results of urethane therapy of the 
leukemias, based on a study of 2-4 patients 
In April, 1946, Haddow and Sexton^ described the influence of various carbamic 
esters on experimental rat cancers Ethyl carbamate (urethane) yielded the best 
results It alone produced inhibition of tumor growth and fibrous replacement of 
the cancerous rat tissue For this reason, and since urethane is relatively nontoxic 
for humans and is easily obtainable, the experiments were transferred to human 
subjects with carcinoma of the breast and other malignancies The results were 
generally disappointing It was, however, noted that a few of these patients de- 
veloped leukopema while taking urethane This observation motivated, in 194}, 
the first climcal trial of the effects of urethane in leukemia and allied disorders 
In May, 1946, Paterson, Haddow, Thomas, and Watkinson^ reported the results 
of urethane treatment of leukemic patients The drug was administered orally 
in an average dose of 3 to 4 grams daily The drug proved “effective” in approxi- 
mately one-third of the patients, producing in this “favorable group” reduction 
in size of enlarged spleens and of lymph nodes and causing reversion of the blood 
picture to more normal values These workers found the urethane effect to be ap- 
proximately equal in value to that of standard deep x-ray therapy m a control 
series of similar cases Of their 31 urethane-treated patients, 19 had myelogenous 
leukemia, and 8 of these were benefited Chmeal and hematologic remissions were 
maintained for periods of z to 6 months Of 13 patients with lymphatic leukemia, 1 
responded similarly The remaining zz were either partially improved, could not 
tolerate the drug, or died during treatment 
Toxic side effects observed by the British workers included nausea, drowsiness, 
anorexia, diarrhea, and suggestive evidence of marrow hypoplasia 
On the basis of these results, parallel observations were started at the Hospita 
of The Umvcrsity of Pennsylvama in June, 1946 At the time of this writing (Sep* 
tember, 1947) we have treated a total of zy patients suffering from leukemia 
of these are too recently treated for accurate evaluation Our report is based on t c 
remaining Z4 

Dosagt and methods of administration The usual dose of urethane was 4 grams (range i to ^ 
gnen in solution, orally A mixture similar to that used by the British group was employe m 
the patients 


Urethane 
S} rup of orange 
Chloroform \\atcr to 
(each 5 cc contains o 3 grams urethane) 


From the Hematological Section of the Medical Clinic, Hospital of the Unnersity of Penns) 
Philadelphia 

This \\ork has been aided b) a grant from the Eh Lill) Compan) 

• Eh Lill) Felloss in Hcraatologt 
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This mixture was administered (i to 4 teaspoonsful) after each meal, in a small amount of some flavored 
carbonated beverage or fruit )uice In a smaller group of patients, the drug was administered in o 5 
Gm gelatin capsules This method of administration proved to be impracticable because of the hydro- 
scopic nature of the urethane Rectal suppositories (each o 5 Gm urethane in cocoa butter) were tried 
m a patients who developed nausea from oral medication Rectal irritation occurred within a few days, 
requiring cessation of this method of administration 

In one patient (Case 4) with a large leuhemic tumor, 50 per cent urethane ointment was employed 
locally, in conjunction with oral urethane medication The ointment was prepared by melting urethane 
crystals and incorporating the solute in aquaphor The leukemic tumor disappeared under this therapy, 
although the patient died subsequently 

Urethane intravenously has been our most recent mode of administration Ampoules* containing i 
oraGm urethane in ao cc of normal saline solution or distilled water, were mixed with aoo cc of normal 
saline and the resulting mixture was administered in 15 to 30 minutes intravenously, without untoward 
reactions 

Cltmcal material The results in aq leukemic patients are reported Table i indicates the distribution 
of types of leukemia 


Table i 


Acute Leukemias 

10 

Myelogenous 

7 

Lymphatic 

7. 

Monocytic 

1 

Chronic Myelogenous Leukemia 

7 

Chronic Lymphatic Leukemia 

7 


Results of Urethane Therapy 

Chrome Myelogenous Leukemia 

Our results in 7 cases of chronic myelogenous leukemia are summarized in table 
2- It IS to be noted that in 4 cases, urethane therapy was started during terminal 
stages of the disease, after resistancef to x-ray therapy had been established Two 
cases are regarded as showing satisfactory climcal and hematologic remissions 
after urethane therapy Case 4 is of special interest because of a successful remission 
maintained despite the complication of pregnancy which is now in its seventh 
month and is proceeding uneventfully 

CASE REPORTS 

Case 4 This white female, age 30, first noted weakness, nausea, and abdominal enlargement during 
the latter months of 1945 When first examined on December ix, 1946, she exhibited massive splenomegaly 
(19 cm below the left costal margin), and slight liver enlargement Blood Hgb 8 38 Gm , WBC 32.0,000, 
immature myeloid leukocytesj 34 per cent Urethane, 3 Gm daily, in solution orall} , ^^as started on 
December 14, and was increased to 4 Gm daily five days later By the forty-third da) of treatment. 


Prepared accordine to our specifications reeardine sterility, isotonicit) and pH corrections b) Dr 
F B Peck, Eh Lilly Laboratories 

t The term \-ra) resistance is here employed \Mthout implications of any kind except to designate 
^e fact that our ovi n Department of Roentgenology , employ ing the technics and dosages judged by this 
epartment to be the best under the circumstances, had failed to obtain a remission from one or more 
recent courses of therapy vihich formerh in the same patient had produced a remission 

t The term immature myeloid leukocytes refers to the combined percentage of mtclocvtes, pro- 
ni'clocttes, and myeloblasts 
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the splcca measured ii cm and the blood count was Hgb 9 9 Gm , WBC 11,000, immature myeloid 
leukocytes none The drug was continued until March ii, 1947 (ninety-eighth day), when the spleen 
measured 5 cm and the blood showed Hgb 13 o Gm , WBC 10,000, immature myeloid leukocytes 3 
per cent The patient was symptom-free 

This patient conceived while on urethane therapy When last seen (Aug a6, 1947), she was asymp- 
tomatic, vigorous, and in the seventh month of pregnancy The spleen was palpable 6 cm below the 
costal rim Blood Hgb n 4 Gm , WBC 35,000, immature myeloid leukocytes 7 per cent 

Case p White female, age 38 Urethane was first administered during the late stage of chrome myelo- 
genous leukemia of over six years’ duration The patient had failed to respond to her most recent (sev 
enth) course of irradiation She showed cachexia, lymphadenopathy, and an enormous spleen which al- 


Table X — Chrome Myelogenous Leuketma 


Case 

Ortgmal Status 

n^BC 

Start U 

U (trams) 
TJ (days) 

IFBC 
End V 

Result 


Untreated 

3X0,000 

X56 

10,000 

Good Pregnant 

W 30 F 



98 



)$?9 

Duration 6 years X-ray 

149,000 

X08 

76,000 

Died during treatment 

W 38 F 

resistant 


57 



# 10 

Duration 3 years 

103,000 

— 

9,000 

Relapsed in x weeks Died 

W 46 M 


1 

■9 



17 

Duration i year 

43,000 

17 

10,000 

Stopped U because of nau- 

W 65 M 


i 

17 


sea DicdxiBO later 

^^xo 

Duration 4 years X-ray 

395,000 

18 

ixojooo 

Died during treatment 

W 50 F 

and P33 resistant 


7 






(IV) 





Duration x years Fowl- 

55,000 

X 9 

14,000 

Poor Given x-ray ther- 

W 63 M 

cr s solution 


10 


apy Died 




(IV) 



i^?x4 

Duration 4 years X-ray 

1 

1 50,000 

116 

5,100 

Good 

W 31 F j 

therapy in remission 


44 


- 


most filled the abdomen Blood Hgb 7 97 Gra , WBC 149,000, immature myeloid leukocytes 34 P<^ 
cent Urethane, 4 Gm daily, in solution orally, was started on October 15, i 94 fi> continn unt 
the patient expired on December X3, 1946 Blood Hgb 8 ox Gm , WBC 76,000, immature mycloi cu 
cj tes 31 per cent 

Case ID This white male, age 46, was a terminal, much treated case of chronic myelogenous 
of o\ cr three ) cars duration He was readmitted to the hospital in an acute relapse phase of his isc 
Urethane, 1 Gm daily, in solution orally , was given for thirteen days with a fall in the Icukoc) 
from 103,000 to 9,000 No clinical improvement occurred and the patient died within two wee 
stopping the drug 

Case jy A white male, age 65, was a tcrtmnal case of subacute myelogenous leukemia 

duration, resistant to irradiation He was unable to tolerate an adequate dose of urethane cit ^ 

or by suppository A leukemic tumor of his forehead shrank in size and finally disappcare a ter 
uon of 50 per cent urcthanc-aquaphor ointment He died soon thereafter 
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Case 20 This white female, age 50, was a leukemic of four years duration After numerous courses of 
irradiation she was finally considered \-ray resistant She was cachectic, anasarcatous, and exhibited 
massive enlargement of lymph nodes, spleen, and liver Blood Hgb 4 95 Gm , WBC 395,000, immature 
myeloid leukocytes 52. per cent Urethane, x Gm , then 4 Gm daily, mtravenously was started May 
15, 1947, and continued until she died suddenly on June i, 1947, soon after thoracentesis On May 31, 
1947, she had been clinically unimproied, although her white blood count had dropped to ix,ooo on 
this date 

Case 22 This white male, age 63, had suffered weakness and weight loss for three years He had just 
completed a short course of Fotsler s solution, when first examined on June 13, 1947 He presented fever 



DAILY URETHANE DOSE m Grams 


Pig I Case 4, Chronic Myelooenous Ledkemia IN A White Female, Age 30 = Per Cent Blasts, 

Promyelocytes, and Myelocytes, O = Splenic Size in cm ) 

pallor, petechiae, edema, and moderate splenic and lymph node enlargement Blood Hgb 7 59 Gm , 
^^C 63,000, immature myeloid leukocytes 33 per cent. Platelets 45,000 Intravenous urethane x Gm 
^as guen on June 19, 1947 (WBC 55,000), and was increased to 3 Gm daily the following day On June 
^ 9 > 1947, the drug was stopped after a total of X9 Gm intravenously The patient was unimpro\ed Blood 
7 5 Gm , WBC 14,000, immature myeloid leukocytes 13 per cent Transfusions were incffectne 
Radioactnc phosphorous was given, but the patient died within two weeks 

^se 24 This white female, age 51, was knowm to ha\c leukemia of four ) cars duration She had had 
several excellent \-raj induced remissions When seen in the clinic, Ma) 8, 1947, she complained of 
leccnt epistaxis and weakness Her general condition seemed good The Ijmph nodes and spleen were 
not enlarged Blood Hgb IX 4 Gm , WBC 50,000, immature m)eloid leukoqtes 17 per cent. Platelets 
^.000 0 \er the next fort) -four da) s, a total of 116 Gm urethane, in solution oralh , was administered 
Junex7, ig47^ sjjgfgjj Blood Hgb 13 xGm , WBC 5,100, immature mieloid leukoc\tes 

^per cent. Platelets X56 ,ooo When last seen Aug ix, 1947, she was clinicalh well Blood Hgb 137 
ni , WBC i6,ooo, immature micloid Icukoci tes 10 per cent 
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Chontc Lymphatic Leukemta 

Our results in 7 cases of chronic lymphatic leukemia are summarized in table 3 
It IS of interest that the first case we treated with urethane (Case i) has now en- 
joyed an entirely satisfactory remission of slightly over one year’s duration 

CASE REPORTS 

Case I This white female, age 57, first noted weakness, and left-sided heaviness in May, 1946 
When first examined by us on June 10, 1946, massive splenomegaly and slight lymphadenopathy were 
found Blood Hgb ix x Gm , WBC 700,000, lymphocytes 96 per cent. Platelets 118,000 Urethane 1 
Gm daily, in solution orally, was started on June X4, 1946, and increased to 4 Gm daily eleven dais 


Table 3 — Chrome Lymphatic Leukemia 


Case j 

1 

Original Status 

U^BC I 

Start U 

U (grams) 
U (days) 

li'BC 
End V 

Result 


# I 


Untreated 

\ 

700,000 ; 

’-73 

4,500 

Good Remission 361 days 

W 

57 

F 

1 


1 

7 ’- 


plus 


^3 

i 

Duration i year i course 

lOXjOOO 

191 

6,400 

Good Remission 184 days 

W 

54 

F 

x-ray therapy 


76 


plus 


^6 


Untreated 

58,000 

683 

XI, 000 1 

Poor 

w 

59 

M 



X99 




1^7 


Duration years X-ray 

x33,ooo 

’•’■5 

8,700 

Hem 1 Good Clin Poor 

w 

67 

M 

7 months before treat- 


62. 


Died at 75 days 




ment 






fUS 


Untreated 

xySjOOQ 

’-97 

xg’^joco 

Poor Given x-ray thcr 

w 

61 

M 



63 


apy Fair response 


^ 13 


Untreated (Leukemia Cu- 

44,000 

5 ’-’ 

x6,ooo 

Poor 

w 

52- 

M 

tis) 


136 


. 




Untreated 

x 65 ,ooq 

1 2.18 

XX, 000 

Poor Hypoplastic mar- 

w 

45 

M 



^3 


row 


1 

atcr Marked shrinkage in size of the spleen was apparent after forty-three days of treatment On Sep- 
tember 3, 1946 (seventy-second day of treatment), after a total of 183 Gm of urethane, treatmen^was 
stopped The patient was entirely symptom free, the spleen was barely palpable Blood Hgb ’ 

WBC 4,500, lymphocytes 33 per cent When last seen on August 19, 1947, the patient was in goo con 
tion The spleen again showed slight enlargement Blood Hgb ix 4 Gm , WBC 3X,ooo, lymphoc) t 
9X per cent 

Case 3 This white female, age 54, was found to have asymptomatic chronic lymphatic 
in September, 1945, and a brief course of irradiation therapy was given She was first seen in t 1 
December 7, 1946 She was still asymptomatic, there was no lymphadenopath) and the sp 
moderately enlarged Blood Hgb ix 95 Gm , WBC iox,ooo, lymphocy-tes 87 per cent Uret anc 3 ^ 
daily, in solution orally, was started The drug was stopped on February i6, 1947 (scicnty-sixt 
treatment), after a total dose of 191 Gm , her spleen was impalpable, she was still symptom 
her blood count was Hgb ix 5 Gm , WBC 6,400. lymphocytes 66 per cent 
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The drug was resumed on April 2.7, 1547, because of a rise in the leukocyte count to 19,800 On May 
^9> ^947i ^ total dose of 69 Gm , urethane was again discontinued when her blood count was 

Hgb 12 o Gm , WBC 6 ,100, lymphocytes 40 per cent When last seen on August 15, 1947, the patient was 
sull asjmptomauc, her spleen was barely palpable and her blood count was Hgb 33 42 Gm , WBC 
11,000, lymphocytes 79 pe cent 

Cast 6 This white male, age 59, was found in a routine blood count to have 43,000 leukocytes, with 
62 per cent lymphocytes He was a ymptomatic, with shotty lymphadenopathy and a barely palpable 
liver and spleen Although he required no specific treatment at this time, urethane was started on July 



Fig 2 Case 2, Chronic Lymphatic Ledkenha in a White Female, Age 57 
(□ = Per Cent Lymphocytes ) 


^7. 1946, m a dosage of 2 Gm dail) , in solution orallj Blood Hgb 14 5 Gm , WBC 58,000, 1) mphoc\ tes 
89 per cent No effect of the drug could be detected after 299 da) s of treatment, (total dose 683 Gm ), 
and it Has stopped on Ma) 13, 1947, when the blood count was Hgb 13 o Gm , WBC 21,000, hmpho- 
c\ tes 93 per cent 

fins case suggests that low-grade chronic I)mphatic leukemia is resistant to urethane in a dosage 
nf 2 Gm dill) 

' This white male, age 67, was hospitalized in March, 1944 for prostatic resection \t this time 
the blood picture of chronic hmphatic leukemia was found He recened a course of irradiation thcrapi 
m October, 19^5 When first seen in the clinic on November 12, 1946, he was acuteh ill, with findings of 
•Massac 1\ mphadenopathv , splenomegah , and marked pulmonan infiltration Blood Hcb 7 s Gm . 
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WBC Z33,ooo, lymphocytes 99 per cent. Platelets 3x0,000 Urethane, 4 Gm daily, in solution orally, 
was started on November 16, 1946 On January 18, 1947 (sixty-second day of treatment), after a total 
dose of xxj Gm , the drug was stopped when the blood count was Hgb 6 9 Gm , WBC 5,600, lympho- 
cytes 93 per cent The patient had become progressively worse He died in cardiac failure on January 31, 
1947, despite apparent improvement” m the abnormal lymphocytosis 

Cas( 8 This white male, age 61, had sudden severe pain in the left side of the abdomen in November, 
1946 Examination disclosed generalized lymphadenopathy, marked splenomegaly, and marked lympho- 
cyrtosis Blood Hgb ii 4 Gm , WBC 138,000, lymphocytes 98 per cent Urethane was started on No 
vember 9, 1946, x Gm daily, in solution orally Dosage was increased to 4 Gm daily on November 17, 
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Fio 3 Cash 3, CnaoNic Lymphatic Leukemia ih a White Female, Age 54 


1946, and to 6 Gm daily on December 5, 1946 Weakness, marked sweating, and insomnia dcvelope 
On January’ 6, 1947, Ij’mph nodes were estimated 80 per cent reduced in size but the size of the spleen was 
unchanged Blood Hgb ii i Gm , WBC 400,000 The dosage of urethane was decreased to 4 
until January xo, 1947 (sixty -third day of treatment) when it was discontinued (total dose X97 
Blood Hgb II X Gm , WBC 193,000, lymphocytes 97 per cent X-ray therapy was institute 
prompt fall in the leukocy tc count, but little change in size of ly mph nodes or spleen When last 
on August X5, 1947, moderate splenomegaly and lymph node enlargement were found His b o c 
showed Hgb 33 6 Gm , WBC 38,000, ly mphoci tes 93 per cent \%asno 

This case is judged a urethane failure Although regression in lymph node size occurred t ere 
iraproiement in the splenomegaly or in the blood picture 

Case IS This white male, age yx, presented generalized exfoliative dermatitis, 
ly mphoev tosis, diagnosed as leukemia cutis, of six months durauon Urethane, 4 Gro ai \ , m 
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orally, was started on January 7, 1947 Blood Hgb 13 o Gm , WBC 44,000, lymphocytes 83 per cent 
No change in the patient s clinical condition was apparent when the drug was stopped 136 days later 
(total dose 511 Gm ) Blood Hgb 115 Gm , WBC 11,000, lymphocytes 33 per cent 


Table 4 — Aa/te Leukemia 


Case 

Original Status 

WBC 
Start U 

U (grams) 
XJ (days) 

WBC 
End U 

Result 


1^1 


Untreated 

35,000 

60 


Good initial, but relapse 

W 

50 

F 

Monocytic 


14 


3 mo 




Untreated 

79,000 

x6 



W 

53 

F 

M} elogenous 


10 






Untreated 

2^0,000 

64 

X 50,000 

Poor Died 

W 


F 

Myelogenous 


xo 




^11 


Untreated 

1 

1,800 1 

14 

900 

Poor Died Aplastic mar- 

W 

IX 

F 

Aleukemic Lymph 


7 


row 




Untreated 

1 

77,000 

48 

49,000 

Poor Died 




Myelogenous 


8 



■I 



Untreated 

XXI, 000 

137 

149,000 

Poor Died i mo after 

■ 



Myelogenous 

1 

49 


treatment 

c 

0. 

M 

00 

F 

Untreated 

Myelogenous 

56,000 

1 

x6 

300 1 

Fair for i mo then re- 
lapse Marked decrease 
in size of kidney masses 


^ 19 


Untreated 

110,000 

67 

9,500 

Left hospital No follow- 

c 

38 

M 

Myelogenous 


17 

(IV) 


up 

w 

If^li 


Untreated 

xoo,ooo 

18 

39,000 

Poor Died 

36 

M 

Lymphatic 


14 

(PO) 







39,000 

106 

131,000 







M 

(IV) 



w 

11^13 


Untreated 

i3x,ooo 

3 

1,700 

Poor Died 

5 

F 

M) eloblastic 

' 

1 X 

(IV) 




Case iS This \%hitc male, age 45, noted enlargement in circumference of neck in December, 1946 When 

first seen on Januarj 18, 1947, he presented generalized 1 > mphadenopath> and moderate splenomcgah 
Blood Hgb 13 99 Gm , WBC 163,000, l}mphoc}tes 93 per cent. Platelets 1 11,000 Urethane, 3 Gm daih, 
°ralh, first in solution, then in capsules tv as started on Januarv 17, 1947 The dose was soon increased 
ro 4 Gm dailj B) March 10, 1947 (fift) -first dav of treatment), dangerous sv mptoms of drowsiness, 
''cakness, anorexia, fever, petechiae, mucosal bleeding, and hematuria appeared Blood Hgb 7 51 Gm , 
Be 51,000, Iv mphoev tes 93 per cent. Platelets 50,000 On April i, 1947 (sixtv -third dav of treatment^, 
after a total of iiS Gm , the drug was stopped No significant changes in Ivmph node or splenic size were 
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demonstrable Multiple transfusions, followed by cautious x-ray irradiation produced slow improvement 
with cessation of hemorrhagic phenomena and marked reduction in the size of lymph nodes The blood 
picture improved, and when last seen on August 1947, his blood count showed Hgb 13 lo Gm , 
WBC 81,000, lymphocytes 79 per cent, Platelets 64,000 

This case is obviously another urethane failure It is possible that the drug produced critical hypoplasia 
of erythrocytic and megakaryocytic elements in the bone marrow 

Acute Leukemias 

^ (Table 4 summarizes the results m 10 cases of acute leukemia of various types In 
most cases, a prompt fall in the total leukocyte count followed urethane treat- 
ment Evanescent clinical improvement occurred in 4 patients (Cases z, 15, 18, 19) 
Final information regarding z patients in this series is not available All other pa- 
tients died during or soon after urethane therapy 

CASE REPORTS 

Case 1 This white female, age 40, had acute monocytic leukemia (Nacgeli type) with fever, gingival 
necrosis, and extensive intracutaneous and mucosal bleeding of a weeks duration Urethane, 4 Gm daily, 
in solution orally, was started on August ii, 1946 Blood Hgb 7 x Gm , WBC 35,000, immaturcs (pro- 
monocytes and monoblasts) 64 per cent A total of 60 Gm was given during the next ten days with rapid 
fall in leukocytes to i.ioo, then to 650/cu mm Progressive anemia paralleled the fall in leukocytes On 
September 44, 1946, the blood count showed Hgb i 38 Gm , WBC 1,300, immaturcs x6 per cent Despite 
these desperately low blood levels the patient felt improved, the gums healed and bleeding ceased There 
was gradual improvement and when the patient was sent home on October 45, 1946, the blood count was 
Hgb 4 95Gm , WBC 1,400, immaturcs 36 percent 

It is noteworthy that sternal aspiration soon after termination of therapy showed striking reduction 
in numbers of blast cells as compared with the original aspiration 

Continued improvement was maintained On December 4, 1946, the blood count showed Hgb 104 
Gm , WBC 4,700, immaturcs none (commercial clinical laboratory) In mid-January, i 947 > patient 
fell, injured her mouth and apparently was precipitated into an acute relapse Urethane, 4 Gm , in so n 
non orally, was resumed on January 13, 1947, when the blood count was Hgb 9 76 Gm , WBC 70,000, 
immaturcs 69 per cent The patient developed diffuse bronchopneumonia and died February 6, 1947 
Blood Hgb X 9 Gm ,WBC x,3oo , 

This was our first experience with the swift effect of urethane on the leukocyte count observe su 
scquently in most of our cases of acute leukemia The partial remission in this patient encourage ur 
trials in this form of leukemia 

Cast s White female, age 53 Acute myelogenous leukemia Urethane, 2. to 4 Gm daily, m solutio 
orally, was started on June 30, 1946 when the blood showed Hgb ix 4 Gm , WBC 79,000, 
(promyelocytes and myeloblasts) 8i per cent Four days later the patient exhibited a phlcbothrom^^ 
of the right leg On July 9, 1946, urethane was discontinued (total dose x6 Gm ) Blood Hgb 91 
WBC 8,000 On Julj X3, 1946, the leukocyte count rose to 31,000 and urethane, 4 Gm daily, ora 
resumed The patient died suddenly of pulmonary embolism, July 31, i 94 ^> ^ second course o 

Gm ofurctbanc when the blood count was Hgb 7 9 Gm , \VBC 16,000 

Case 11 White female, age 14 This patient had acute myelogenous leukemia of two weeks 
with generalized 1) mphadenopath) , hcpato-splcnomcgaly , gingivitis, mucosal and intracutaneous 
ing OnDcccmbcr 44, 1946, the blood count showed Hgb iz x Gm , WBC 360,000, blast ce s 
A total dose of 68 Gm of urethane was given between December 30, 1946 and Januar) 7, i 947 > 
the patient died after a progrcssiv cl) downhill course Blood Hgb 6 xGro , WBCx50,ooo 

Case iz White female, age ix This patient had acute aleukemic Emphatic leukemia 

staph) lococcus aureus septicemia Urethane, 4 Gm dail), in solution orally was startc on p /. 
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BJood Hgb 6 17 Gm , WBC 1,800, blast cells 81 per cent Urethane was discontinued April 14, 1947 
(total dose 14 Gm ), when the blood count showed Hgb 6 6 Gm , WBC 900 Death occurred April u. 
1947, despite multiple transfusions and penicillin therapy 

Secuons of marrow obtained at autopsy showed almost complete aplasia in contrast to the initial 
sternal marrow appearance of acute lymphoblastic leukemia 



Fig 4 Bone Marrow or Case i before Treatment 

Case 14 White male, age 42. This patient had acute mjelogenous leukemia and was moribund on 
admission He was given b Gm urethane daih , in solution oralh , for eight dais without detectable 
effect clinicall) or hematologicall) The patient died August 2., 1947 w hilc still under thcrapi 

Case If White male, age 15 Acute mi clogcnous leukemia He had receiicd 115 Gm urethane oralh 
in 32. dn)s, while in another hospital, with a fall in leukocites from 2:2.1,000 to 19,300 but without 
clinical improiement 

Urethane, 3 to 4 Gm daili, oralh in solution, was reinstituted March i, 1947 Blood Hgb 13 
Gm , WBC 74 ,000, immature! (blasts) 96 per cent Because of sciere nausea lomiting and diarrhea the 
drug Was stopped March S, 194“ (total dose 141 Gm ) WBC 12.5,000 Irradiation therapi 1 as started 
March 10, 1947 and giien daih until discharged at his request on March 19, 19,7, ' hen his blood co„rt 
showed Hgb 7 4Gm W'BC 173 coo This patient died two weeks later 
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Case iS * Colored female, age 3 Acute mjelogenous leukemia This patient had been ill for one month 
The outstanding physical finding was the presence of huge bilateral renal masses Urethane, i Gm , daily 
in soluuon orally, was started March ii, 1947, when the blood count was Hgb 4 3 Gm , WBC 41,000, 
immaturcs (blast cells) 40 per cent By March 19, 1947, the renal masses had decreased markedly in size 
(by palpation and urography) The drug was stopped on March 24, 1947, when the blood count showed 
Hgb 4 6 Gm , WBC 1,100, immaturcs none The patient seemed temporarily improved, but relapsed and 
died one month later 



Fig 5 Bone Marrow of Case j . after Treatment 

Case If Colored male, age 38 Acute myelogenous leukemia Urethane, 3 Gm intravcnoasI}^|^^ 
started on May 9, 1947, and increased to 4 Gm daily the following day Blood Hgb 2. n Gm , ^ 

110,000, immaturcs (promyelocytes and myeloblasts) 90 pier cent On May 2.5, i 947 > ^ 

Gm intras cnously , the patient showed improvement m strength and a 50 per cent decrease in the si 
of the ly mph nodes The blood count at this time showed Hgb 5 9 Gm , WBC 9,500, immaturcs 73 

cent After receiving 1,000 cc of whole blood the patient was discharged June 10, 1947 when t e o 

count showed Hgb 7 8 Gm , WBC 5,500, immaturcs 69 per cent It has been impossible to obtain urt 
information regarding this patient _____ 


* This ease obsened at Philadelphia General Hospital, courtesy of Dr Paul Gyorgi 
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Qisc u White male, age jo Acute lymphatic leukemia This patient had been gnen z8 Gm of ure- 
thane m fourteen days, elsewhere, with fall m leukocyte count from zoo, 000 to 35,000 He was adimrrcd 
to the Hospital of The Univcrsit)' of Pennsylvania on May z6, 1947, m poor condition, and given pre- 
immary dose of 3 Gm urethane, intravenously at which time the blood count was Hgb 8 8 Gm , WBC 
zi,^, immaturcs (prolymphocytes and lymphoblasts) 55 per cent The dose was changed to 4 Gm’ daily 
on May zy, 1947, and again to 6 Gm daily on June 13, 1947 Blood Hgb d 9 Gm , WBC 109,000, im- 
matures 99 per cent A total of xo6 Gm urethane, intravenously, had been given 01 er a tweaty^-four day 



3 

I 

/ 


UJ?ETHANE Ov) (/RmsPenDAr 

Pio 6 Case 19 , Actrra MyEZODENODS Leukemia IK A Negro Mau (□= Per Cent Blasts 

AND Promyelocytes ) 


l^iod uhen this patient died June zo, 1947 The blood count then uas Hgb S 6 Gm , B'BCijz.coo 
c patient had alsorcceucd 5,000 cc of whole blood during his hospital stai 


■ff -7 hire female, age 5 Acute tn\ elogenous leukemia One Gm urethane, intraicnoush, was 
£‘'cn June S, 1947, when the blood count was Hgb 7 oz Gm , WBC i3z,ood, blasts 93 per cent On 
^ 5 . J 947 ,zGm urethane was gnen intraicnoush This was followed bi a sudden me in temperature 
to 105 1 F , rcctalK Urethane thcraps was discontinued On June iz, 194-, marl cd dimmunon in sylcmc 
Was noted, and the blood count was Hgb 6 15 Gm . W BC z,7C.d The patient died Jure 1- , 1 - 
" ith a Hgb of 4 75 Gm , and a W BC of 750 cu mm 
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Summary of Results 

It IS apparent from the data presented above that satisfactory remissions as a 
result of urethane therapy occurred in 4 cases (i, 3, 4, z4) of our combined number 
of Z4 cases It is worthy of emphasis that of these 14 cases, at least 14 (Cases g, 10, 
17, zo, and all acute leukemias) and possibly z others (Cases 7 and zi) would, m 
our opimon, have proved hopelessly refractory to any known method of treatment 
of leukemia It may be significant also that although urethane was withdrawn in 
Cases 8 and 13 because of poor response, these patients subsequently responded 
poorly to irradiation and radioactive phosphorous, respectively 

If the experimentally treated 4 terminal cases of chronic myelogenous leukemia 
are omitted from consideration, it is apparent that urethane produced a satisfactory 
result in z of the 3 remaining cases Adequate response was obtained in z of 7 cases 
of chronic lymphatic leukemia It becomes evident that of 10 “fair” cases of 
chrome leukemia, urethane was successfully used in 4 

Drug Epfects 

Toxtcity Nausea has been the predominant symptom of intolerance Approxi- 
mately 50 per cent of our patients exhibited mild or severe nausea commencing at 
any time during the course of oral administration of the drug In a few cases, nausea 
was sufficiently severe to warrant interruption or cessation of treatment Lesser 
toxic manifestations have been vomiting, anorexia, excessive sweating, diarrhea, 
and drowsiness 

The most dangerous toxic manifestation has been the appearance of evidence 
suggesting depression of all marrow elements (Cases iz, 16) Whether or not ure- 
thane produced or contributed to this effect, it is important to be wary of abrupt 
falls in erythrocyte or leukocyte levels during the period of urethane administra- 
tion It IS sigmficant that z patients in Paterson’s senes exhibited similar hypoplas- 
tic changes Particular caution is advisable when leukopenic leukemia is under 
treatment, on the basis of Case iz Rapidly developing anemia, in our experience, 
calls for immediate cessation of urethane therapy 

Urethane administered intravenously has produced only minimal side effects, 
such as transitory drowsiness, and transitory elevation of temperature No local 
irritative phenomena have been observed Particularly gratifying has been the 
absence of nausea, suggesting that the occurrence of this symptom after oral a 
ministration is due to gastric irritation It is possible that enteric coated capsu cs 
or tablets may circumvent such nausea, and trials with such preparations are m 
progress 

Rapidity of effect The time required for a definite reduction in the leukocyte count 
(to i^-zo,ooo) in favorable chronic cases averaged forty-eight days when the tug 
was given by mouth In the acute leukemias, the effect was much more rapid, a^er^ 
aging ten days It is believed that intravenous administration of urethane w^^ 
produce effects more quickly than the above mentioned periods, although our 
are as yet insufficient to establish this point 

Mode of action The manner and site of action of urethane arc entirely un mo 
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Haddow and Sexton* offer speculation regarding the possible action of urethane in 
remedying some deficiency in the process of leukocytic maturation in leukemia 
Basa/ vittahohsvi and blood chemistry In a small number of patients with chronic 
forms of leukemia, we observed that the basal metabolic rate fell in proportion to 
the decline in the total white cell count during urethane therapy 
Marked reduction in elevated levels of blood uric acid was also noted in a few 
of our cases during therapy Case 19 had a blood uric acid of ii 3 mg per 100 ml 
on admission, which fell to 3 8 mg per 100 ml at the end of urethane therapy when 
the white blood count was 8,000 Case 4 had a reduction of blood uric acid from 
8 9 mg per 100 ml to 4 x mg per 100 ml while under urethane therapy 
Blood urea nitrogen determinations were made before, during, and after urethane 
administration in 10 of our cases Elevation of the level of blood urea mtrogen 
occurred in no case during full urethane dosage 
Blood levels of urethane have not been obtained A method of estimation has 
recently been published by Archer et al ® 

Discussion 

Urethane adequately administered in cases of chronic luekemia frequently pro- 
duces a marked reduction in the total leukocyte count (83 3 per cent of our series) 
In fully responsive, favorable cases definite clinical improvement gradually follows 
Splenomegaly is reduced, enlarged lymph nodes become smaller, and a feeling of 
betterment is expressed The hemogram assumes a more normal appearance in its 
entirety Unfortunately, in a larger number of cases the fall in the leukocyte count 
IS a spurious improvement In such cases, visceral pathology and anemia may fail to 
improve or may grow worse^nd the patient may exhibit progressive deterioration 
Continued administration of the drug in such instances may lead to rapid clinical 
deterioration It is generally advisable to suspend the drug if clinical improvement 
fails to appear within one week after a satisfactory rate of fall of the leukocyte 
count has appeared It is furthermore probably advisable to discontinue urethane if 
no significant fall in the white cell count has occurred within sixty days from the 
start of treatment 

It IS impossible, from our small series of cases, to offer definite criteria for selec- 
tion of patients for urethane treatment It seems likely (in agreement with Pater- 
son et al -) that chronic myelogenous leukemia responds better to urethane than 
does the lymphatic variety The drug has proved of little value in the acute leu- 
kemias, although further trials are justifiable in view of the swiftly fatal outcome 
of this form of leukemia 

No information is as yet available as to the possibility of inducing repeated re- 
missions in chronic leukemia with urethane, and if so, whether these can then be 
followed by successful repetitions of x-ray therapy If this should pro\e the case, 
then prolongation of the leukemic life-span as well as amelioration of sjmptoms 
ma) be possible In this regard it may be mentioned that in Cases 3 and 2^, ure- 
thane successfully induced remissions after relapse from pre\ loush successful x-raj 
thcrapi Conversely, in 2. other cases (S and 16), \-ra) therap\ successfulh fol- 
lowed urethane failures This is in accord with the observation of the British 



910 A J CB.ESKOKF, T FITZ-HUGH, JR , AND J W TROST 

workers that urethane and irradiation therapy are not mutually exclusive in effect 
Our evidence does indicate strongly that urethane is without climcal effect m 
terminal, long standing, repeatedly irradiated cases of chronic leukemia 

It is our impression that urethane will prove to be an occasionally useful adjunct 
in the management of chrome leukemia The low cost and convenience of adminis- 
tration, in comparison with irradiation therapy are strong points in favor of this 
drug 

It IS the opinion of the authors that in the treatment of leukemia in general, 
urethane is less consistent in effect than standard methods of irradiation therapy, 
and more consistent and more efficient than such modalities as Fowler’s solution, 
benzol, and colchicine 

Our results, while not as striking, generally confirm the findings reported by 
Paterson and her co-workers Urethane deserves further trial in the treatment of 
leukemias of all types 

Summary 

I The results of urethane therapy in Z4 cases of leukemia arc described 

X The average daily dose is 4 Gm orally or intravenously 

3 The drug is irregularly effective Chrome myelogenous leukemia appears more 
responsive than the lymphatic variety 

4 Acute leukemias are not significantly altered in course by urethane 

5 Urethane produces a fall in the total leukocyte count in a majority of all types 
of leukemia Climcal improvement docs not necessarily follow 

6 Nausea is the most frequent side effect of urethane therapy Possible marrow 

aplasia is the most dangerous toxic effect g. 

7 Urethane is of definite, but of limited value in the treatment of chronic leu- 
kemia In some instances, it compares favorably with x-ray therapy, but in genera , 
It IS less dependable, particularly in its frequent failure to induce optimum return 
of normal red cell and platelet values, and optimum regression of organ infiltration 
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THE EFFECT OF URETHANE ON THE NUCLEAR MORPHOLOGY OF 
CELLS OF THE GRANULOCYTE SERIES AS OBSERVED IN 
MARROW CULTURES AND LEUKEMIC BLOOD 

By Edwin E Osgood, M D , and I T Chu, M D 

I NTEREST in urethane CN^H2 CO OC2H6) and related carbamic acid esters in 
the treatment of metastatic malignant tumors and leukemias has been greatly- 
stimulated by the report of Haddow and Sexton^ on the effects of urethane on 
tumors in experimental ammals, and of Paterson, Haddow, Thomas and Wat- 
kinson^ on urethane therapy of human leukemias and malignant tumors They 
demonstrated striking decreases in the leukocyte count and spleen size in certain 
patients with granulocytic or lymphocytic leukemias and in the size of metastatic 
nodules in a small proportion of patients with other malignant tumors The obser- 
vations of Paterson, Haddow, Thomas and Watkinson^ have been confirmed by 
Goodman and Lewis® and by the authors at the Umversity of Oregon Medical 
School 

Although urethane has long been in use as a narcotic and there is much literature 
on the action of the urethanes and related karyoklastic and karyokinetic poisons 
on the cells of lower forms of life,^ we were unable to find any reference to morpho- 
logic changes produced by urethane in the nuclei of human cells 
The present study, using the techmc of human marrow culture,® was undertaken 
as part of a long-term investigation of the factors influencing the fundamental 
pihases of cell growth, namely, increase in size, mitotic and amitotic division, dif- 
ferentiation, and life span This paper will be limited to the morphologic changes 
in cells of the granulocyte series produced by the action of urethane Quantitative 
data on the comparative effects of urethane and methyl-bis (B-chloroethyl) amine 
hydrochloride obtained in the course of this study will appear later 

Method 

Marrow cultures were set up as previously described,® using sterile ascitic fluid as a source of protein 
instead of human cord scrum A marrow culture was prepared from each of 8 patients tMth miscellaneous 
diseases displaying essentially normal marrow pictures In addition, the bloods of 4 patients with chronic 
granulocytic leukemia, i with acute lymphocyuc leukemia, i with acute monoc\ tic leukemia, and i 
"ith multiple myeloma with a plasmacytic-leukemia blood picture were cultured in the same waj as 
niarrotv Each culture was first thoroughly shaken in one Mai and then equal parts were transferred to a 
scries of vacane ^ lals, one of which w as left as a control to w hich the soh ent onl) w as added and to the 
others equal ^olumcs of varying concentrations of urethane or of meth) 1-bis (B-chlorocthj 1) amine h) - 
drochloridc in isotonic saline were added Since no references were found gning the actual blood levels 
of urethane obtained in clinical therapy, a wide range of final concentrations was used, including i loo, 

1 i.ooo, 1 1,500, 1 5,000, 1 10,000, I 10,000, and i 40,000, although not all concentrations were 
used m each experiment The morphologic data were based on the studv of Wright s stained smears 
made at the same time from the control, urethane and nitrogen mustard cultures The samples for the 
smears were removed three hours after the drugs were added and at approximateh twentv four hour 
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intcr\ als thereafter for five days The criteria of cell identification and classificauon were those given 
and illustrated by Osgood and Ashworth ^ 

Observations 

The morphologic changes in structure of the cells of the granulocyte senes noted 
in the cultures containing urethane are illustrated in figure i and outlined in table i 
The first change to appear was a 5 to lo-fold increase in the number of progranu- 
locytes in process of mitotic division as compared to the control This was noted as 
early as three hours and in concentrations as low as i 40,000 The increase m 
mitoses was most marked at twenty-four hours and persisted for seventy-two hours 
All phases of mitotic division were seen but most were normal appearing meta- 
phases similar to those illustrated in figure 2 . by Osgood ® 

The most commonly observed change was the condensation of the basichromatm 
in the nucleus of the progranulocytes and granulocytes into dense blocks separated 
by clear spaces and still surrounded by a nuclear membrane as shown in figure i-a 
This appeared as early as three hours, steadily increased as long as the cultures were 
observed, and was most marked in the higher concentrations, although it was 
noted with all concentrations 

The alteration in morphology shown in figure i-b was frequently observed in the 
progranulocyte and granulocyte stage There seemed to be a loss of the nuclear 
membrane and imperfectly square or rectangular projections from a mass of clumped 
chromatin A somewhat similar picture is seen in the anaphase of normal mitotic 
division when the cell is so oriented that the plane of cell division is parallel to 
the plane of the slide, but the number of these cells was greater than would be ex- 
pected from the number of cells seen in the metaphase of division and it seems prob- 
able that at least some of the cells showing this appearance represent an intermedi 
ate stage of karyorrhexis between figure i-a and figure i-c 
The most striking but least frequently observed change is shown in figure i c 
It consisted of the appearance within the cell of numerous fragments of dense y 
staimng, structureless chromatin in round, ovoid or rectangular blocks with no 
nuclear membrane This appearance was somewhat suggestive of the colchicine 
arrest of mitosis in the metaphase,® illustrated in figure i m Osgood,^® but care 
studies showed the points of difference outlined in table 2 . It seems more proba e, 
therefore, that the urethane effect illustrated in figure i-c represents karyorrhexis 
or fragmentation of a nucleus similar to that in figure i-a 

Double nuclei with no suggestion of fission of the cytoplasm were frequent m 
the progranulocyte and all subsequent stages of the granulocyte scries in the ure 
thane-contaimng cultures, yet the cells did not appear to be appreciably arge^ 
than the corresponding cell type with a single nucleus They seemed to ^ ^ 

abundant in the granulocyte stage but appeared first in the progranuloc) te sta 

as illustrated in figure i-d decrease 

Another change in morphology which is not illustrated was a mar e 
in size of some of the neutrophil lobocytes and rhabdocytes, both as compare 
the control culture and to the average normal size of these cells This c a.ngc ^ 
even more noticeable in the blood of some of the patients treated wit u 
over long periods of time 
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Ties I Photomicrographs of cells of the granulocyte series from urethane-containing culture (a-d), 
and leukemic blood (o'), Wright s stain X 1800 

a Neutrophil granulocyte showing chromatin clumps within the nucleus 

b On the left is a cell which is either a neutrophil progranulocyte S in the anaphase of mitotic di\ ision 
Mewed end-on or a neutrophil granulocyte showing an intermediate stage of kar) orrheMs of the nucleus 
between figure i-a and i-c On the right is a neutrophil rhabdocyte of perfeeth normal morphologi 
c Neutrophil granulocytes showing fragmentation or kar) orrhexis of the nucleus into numerous 
deeph -staining round or ovoid blocks of valuing size 
d Progranulocytc A with double nucleus 

c This IS a progranuloc) te A from the blood of a patient with chronic granulocitic leukemia under 
treatment with urethane in process of amitotic diMsion showing the mode of formation of the double 
nuclei Note the rectangular projections from the nuclues with rounded corners Amitotic dnisioa and 
double nuclei arc almost ncicr noted in the granuloci tc senes in cither normal blood or marrow o' blood 
or marrow from patients with leukemia who arc not rcccning urethane Note that there is no readenci 
toward fission of the c) toplasm 

In addition, man\ of the cells of the granuloc\ te series dc\ eloped dense, p% knotic, 
structureless nuclei and sho\Ncd signs of loss of the cell membrane and disintegra- 
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None of these changes was noted in significant numbers in cells of the lympho- 
cyte, monocyte, or plasmacyte series cultured or in the granulocyte series m the 
control and mtrogen mustard cultures They have rarely if ever been observed by 
the authors in the course of an extensive study of the blood and marrow of patients 
with granulocytic leukemia or other diseases when urethane was not being given 
In each of the cultures and with each of the concentrations of urethane employed, 
many of the cells at each stage of development showed none of these changes and 


Table i — Approx/mate Pircentagc of Progranulocytes and Granulocytes Shototng Morphologic Changes 


Changes observed 

Control cultures 

Cultures containing urethane 

1 to 5 days 

1 day 

5 days 

Normal 

Over 99% 

90% 

Less than 10% 

Mitoses 

Less than 1% 

7% 

Less than 1% 

Chromatin blocks (Figure i-a) 

Not seen 

Less than 1% 

60-70% 

Separate chromatin blocks (Figure 
i-c) 

Not seen 

Not seen 

Less than 1% 

Double nuclei (Figure i-d) 

Not seen or less 
than 0 1% 

Less than 1% 

15% 


Table l — Effects an Morphology of Cells Produced by Cokhseme and Urethane 



Colchicine 

Urethane 

Chromatin 

rectangular or square 

round, ovoid or with rounded corners 

blocks 

uniform in size 

number = or > normal no of chro- 
mosomes 1 

unequal in size 

number < normal no of chromosomes 

Mitosis 

arrested in metaphase 

imual snmulation goes on to complc- 
uon 

Amitosis 

not affected 

greatly increased 

DifFcrcntianon 

prevented in higher concentration 
(1 100,000) 

markedly abnormal but occurs in i 100 

1 

Cell size 

giant forms common 

dwarf forms common 

Nuclei 

enlarged 

pyknonc 


appeared indistinguishable in morphology from cells of the corresponding stage^^ 
development in the control cultures or in the original marrow or bloo o 
patient Such a normal appearing cell is illustrated by the neutrophil rha ocy 

All of the changes noted in the cultures were also noted in blood or 
patients receiving 1 gram of urethane three times daily The cell in figure 
the blood of a patient receiving urethane therapy It shows the formation o 
nuclei, apparently by amitotic division 
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Comment 

The changes m morphology of the cells of the granulocyte series observed in 
blood and marrow cultures containing urethane suggest an effect of this drug on the 
state of aggregation or organization of the nucleoprotein within the cell nucleus, 
a tendency to disrupt the nuclear membrane and to interfere markedly with the 
normal process of cell division and cell growth They resemble in many respects 
the changes described by Dustin,'* Burt,** Piton,*^ and Chodkowski*® and others 
whose work is cited in the references herein given,* ’^'*’**~*^ as produced by a wide 
vanety of unrelated “karyoklastic poisons," including many urethanes, many 
narcotics and arsenical compounds which seem to act by altering the permeability 
and integrity of cell membranes and nuclear membranes and the state of colloid 
^Sg*^cg^t*on of the nuclear and cytoplasmic proteins 

The morphologic effects produced by urethane were not seen in marrow cultures 
exposed to nitrogen mustard While some of the changes superficially resemble 
those produced by colchicine,® ®-*“ there are important differences Colchicine, in 
adequate concentration, seems to arrest mitotic division completely, whereas ure- 
thane apparently stimulates division at first and the majority of cells complete 
division and differentiation 

In previous studies, using the marrow culture technic, of the action of ionizing 
radiation including zoo KV and 1,000 KV roentgen rays, neutron rays and radio- 
active phosphorus, it was shown® *‘*“*® that in the dosage employed in treatment 
of leukemias, each modality of lomzing radiation inhibited the onset of the next 
division, mitotic or amitotic, rather than actually killing cells In none of these 
experiments were morphologic changes similar to those noted in the urethane 
Cultures observed, nor was the initial increase in mitoses and in total cell count 
which occurred in the urethane cultures noted 

We have confirmed the clinical observations of Paterson and her co-workers- 
that there is a great difference in clinical response of patients with apparently 
identical forms of leukemia to similar doses of urethane It so happened that bloods 
of z of these patients were selected for culture before urethane was administered 
Both patients were middle-aged women with long-standing chronic granuloc) tic 
leukemia with typical blood pictures Both had been treated until resistant with 
local x-ray and not with the preferred total body irradiation at regular intervals 
Both had refused further x-ray treatment Case i, unit number i 5737 ^> w'ho re- 
sponded well to urethane, had had a splenectomy several jears previouslj because 
of the huge size of the spleen Case z, unit number 157Z31, which failed to respond 
to urethane, had a huge spleen reaching to the left iliac fossa Z5 cm below the 
costal margin and extending across the midlinc In other respects, thej \%erc as 
nearly alike as any two cases of chronic g^anuloc^ tic leukemia could be Both ^^crc 
given 1 gram of urethane three times a daj 

In case i, the Icukoc) te count had droppicd from 33,800 to 7,700 after thirteen 
da\ s of therap> , totalling 36 grams, and to z,ooo b\ the eighteenth dat of thcrap\ , 
totalling 51 grams, at which time the thcrapt was discontinued In the cour-se of 
the next nNclvc daas, the leukoct te count dropped to 600 and, although the ure- 
thane had been stopped, it continued at this low le\cl for mant v cel s, dunnt. 
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which time stomatitis from the agranulocytosis was controlled with difficulty by 
penicillin therapy She then had a gradual reversion to a more normal leukocyte 
count 

In case 7., the imtial leukocyte count before therapy was oscillating between 
50,000 and 90,000 and was still about 50,000 after 141 grams of urethane were given 
in the course of thirty-mnc days The differential cell count pattern was not sig- 
mficantly altered and the size of the spleen was unchanged Both patients had a 
good deal of nausea and some vomiting from the drug, and it is possible that m 
case z some of the drug was lost in the vomitus or was not taken, so during the last 
of the course the dose was increased to 4 grams daily, still without effect This 
patient subsequently showed an excellent response to intravenous radioactive 
phosphorus therapy as far as leukocyte count and alteration m spleen size were ton- 
cerned, although reqmring somewhat higher dosage than the average patient who 
had not had x-ray therapy previously 

In the cultures of these two bloods to which urethane was added, however, the 
morphologic changes observed were, within the experimental limits of the method, 
indistingmshable in character and percentage of cells involved, suggesting that the 
clinical differences in response were due to differences in concentration of the active 
compound actually reaching the cell 

Summary 

In cultures by the marrow culture techmc of human marrow and leukemic blood 
contaimng concentrations of urethane from i zoo to i 40,000, marked changes m 
the morphology of the cells of the granulocyte series were noted 

These changes were not noted in the control nor in duplicate cultures containing 
the methyl-bis (B-chloroethyl) amine hydrochloride form of nitrogen mustard m 
concentrations from i 500,000 to i 40,000,000, nor were they noted in previous 
studies of cultures contaimng colchicine or exposed to zoo kilovolt or million volt 
x-rays, neutron rays or radioactive phosphorus, nor in the bloods or marrows 0 
patients with untreated chronic granulocytic leukerma, of healthy individuals or 
of persons with imscellaneous diseases 

The changes consisted of an early increase in number of normal mitoses in t 
progranulocytes, a steadily rising percentage of granulocytes and progranulocytes 
showing condensation of the chromatin in the nucleus into dense fragments sepa 
rated by clear spaces, a progressive increase in the number of cells of the granu m 
cyte series with double nuclei, affecting all cells from the progranulocytcs to t c 
neutrophil lobocytes but appearing to be most numerous in the granulocyte stage, 
and the appearance in the cultures by 4 to 5 days of cells contaimng separate rag 
ments of structureless material staining like basichromatin, which probabl} repre 
sents a karyorrhexis of the nucleus , 

Note Nothing in this article is to be construed as a recommendation o a 

for the climcal treatment of leukemias While many years must elapse 
place in therapy can be evaluated, it does seem worthwhile to give urethane 
for metastatic malignant tumors Our present impression is that either ra loact 
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phosphorus or total body irradiation with x-rays given in small regularly spaced 
doses IS far superior to urethane in the treatment of leukeiruas When the cells 
become resistant to radiation therapy, urethane may be worthy of a trial 
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ANTIBIOTICS IN CHRONIC LEUKEMIA 
By Dudley Merrill, M D 


T he day by day care of patients with chronic leukemia of any type is one which 
will tax the ingenuity of the physician to the utmost These patients can some- 
times be carried along for several, if not many, years, in comparative comfort with 
X-ray therapy and transfusions as often as necessary to maintain a hemoglobin 
between twelve and thirteen grams One of the characteristics of these patients is 
their liability to infections and their extremely poor resistanc-e to them In fact, 
infection is one of the common causes of death in this particular group 

Prior to the discovery of the sulfonamides, pcmcillin, streptomycin and ty- 
rothricin, an attack of pneumoma, a cellulitis of the throat, or an infected hema- 
toma often resulted in death in a few days from overwhehmng sepsis This was true 
even in patients whose general condition was such prior to the infection that many 
weeks or months of active life could have been anticipated in spite of the leukemia 
For many years, it was seriously questioned by many authors whether X-ray 
therapy actually prolonged life in patients with chrome leukemia It is practically 
impossible to prove this proposition statistically because of the extreme variation 
of life expectancy in these patients without any treatment whatever When life 
expectancy ranges from six months to twelve years, an average or a mean becomes 
a mathematical figure of little or no sigmficance when applied to an individual case 
The same is true of any attempt to evaluate in a statistical fashion the effect o 
antibiotics, mtrogen mustards, urethane or Fowler’s solution on the course o 
leukemia 

The extraordinary value of the antibiotics in the management of infections m 
general has now been conclusively established These drugs have also revolution 
ized many of our long accepted medical and surgical behefs as well as many o o 


apparently well established rules of prognosis 

The care, as well as the prognosis, of patients with pneumoma, 
memngitis, spreading streptococcal infection, osteomyelitis and bacteria e 

carditis, have been profoundly altered in the past ten years cellu- 

Onc of the most revolutionary techmes for the handling of mild or'severe c 
litis and lymphangitis localized or spreading, including even the face an no^^^^^^ 
been the injection of pemcillin in large doses directly into and aroun ^ ^ ^ 
tissues Rose and Hurwitz^ have demonstrated the complete safety an 
fulness of this method The superiority of this approach over parentera > 
tered pemcillin at a distant site is not surprising when one considers t ^ 3- 

conccntrations of penicillin achieved at the site where it is most ^,jhcr 

ble concentrations from pemcillin injected at a distance from the 1 ec 
intramuscularly or intravenously, obviously would necessitate massi\e 
simplicity and inexpensiveness of the procedure are also m its avor 
Luckily, none of the effectiveness of the antibiotics depend p 
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of the leukocytes Thus, they are equally efficacious in coping with infection in 
patients with profound disorders of the white blood cells such as agranulocytosis, 
aplastic anemia, or any form of leukemia Two cases* are presented to illustrate 

Case Reports 

Cast No I J J This 15 year old boy was diagaoscd as having leukemia after having bcca rundown’ 
for about four months His blood count showed Hgb 34 per cent (S'), RBC i 69, and WBC 15,600 The 
smear showed 60 per cent large immature white cells These were classified as either immature monocytes 
or histiocytes by a consulting hematologist Treatment was decided upon in spite of the obviously poor 
prognosis He w as repeatedly transfused and given small doses of x-ray therapy with rapid symptomatic 
improvement 

About a month after treatment was started, he developed a painful hematoma in his right calf and 
smaller ones m the sole of his left foot and in his left cheek In the next week his temperature rose grad- 
ually to 105 F in spite of full doses of sulfadiazine by mouth The hematoma of his leg increased in size, 
induration, redness, and painfulness, until it occupied an area 15 x 10 cm It finally broke down and dis- 
charged vast quantities of scrosanguincous material Coping with such a large ulcer which oozed such enor- 
mous quantiues of scrum, blood, and pus, and was extremely painful when dressings were changed, 
was finally solved by Doctor Robert Linton, who placed the leg in a cast and packed the ulcer with 
gauze impregnated With tyrothricin ointment There was a dramatic improvement in the boy’s gen- 
eral condition, with a drop of his temperature to normal In three days time, he was able to be up in 
awheel chair When the cast was changed after thirteen days, the ulcers were filling in rapidly Eighteen 
days later, he was allowed home, where he was comfortable getting about in a wheel chair for the next 
month except for one brief return to the hospital for further transfusions Finally, however, he had a 
recurrence of multiple hematomas, his white count rose to 190,000 with 98 per cent extremely immature 
cells, and he went downhill fairly rapidly in spite of x-ray therapy, transfusions, and t) rothncin appli- 
cations to his ulcerated hematomas He died approximately five months after the diagnosis was cstab- 
hshed and eight months after his first symptoms 

Postmortem examination established the diagnosis of monocytic leukemia 

Gwf No 2 Mrs M M This 74 ) car old woman was first seen because of anemia She had a Hgb 46 
per cent (S), RBC i 90, WBC 3,1-50 The difFcrential showed P 44, L 32., M 2-4, and z nucleated RBC/ 100 
WBC The platelets were normal, the RBC deeply stained, and there were many tailed cells It was felt 
that her blood picture was consistent with pernicious anemia 

After one month on liver extract, 15 umts intramuscularly once a week, her Hgb was 33 percent (S), 

RBC 1 55, and WBC 4,500 

A sternal biopsy was then done and reported by Doctor H E MacMahon as follows The oscrall 
picture IS one of aplastic anemia, but there arc tin} foci showing a picture consistent with pernicious 
anemia under treatment ’ 

Large doses of folic acid, liver extract powder, and intramuscular Incr extract were gnen, but there 
^'asno response w hates cr The patient was kept in excellent health without ans complaints for a whole 
> ear b) repeated blood transfusions 

Then increasing numbers of abnormal w hue cells began to appear, coincident w ith the dcs clopmcnt of 
areas of cellulitis on both sides of her neck and in both nostrils The next das , penicillin, 15,000 units 
e'crs three hours intramuscularh , was started, but in ts\o da}s time the cellulitis had spread and now 
insohed the lower lip and check which were cnormousls sssollcn She s\as then giscn 50,000 units of 
penicillin in 5 cc of saline dirccth into the infected areas There was rapid improsemcnt with resolution 
of the areas of cellulitis without ant breaking down of the tissues Parenteral penicillin was stopped nine 
da\ s after the local injection had been giscn 

Sixdat s later, howeser, a new area of cellulitis on the left side of the lower lip had appeared and paren- 


Both of these cases arc reported through the courtest of Dr Arthur N McKcchnic of Camb'idge, 
Mass 
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tcral penicillin every three hours was again started Five days later, this was changed to single daily in 
jections of 300,000 units of penicillin in peanut oil and beeswax because of breaking down and abscess 
formation in the areas previously injected with penicillin in saline 

On this treatment, the areas of cellulitis about the lips and mouth subsided but she developed many 
new areas about the chin, cheeks, neck, right upper arm, and both buttocks Her white count rose to 
64,600 with more than 50 per cent extremely immature forms 

All therapy was finally abandoned, and the patient died about ten weeks after the first appearance of 
the areas of cellulitis in her neck She had received a total of 19,575 cc of whole blood in the course of 
fourteen months, and for twelve of those months she had had extraordinarily few, if any complaints 
Autopsy showed monocytic leukemia and extensive hemosiderosis of liver, spleen, lymph nodes, and 
bone marrow, consistent with hemochromatosis This latter finding was presumably due to her enormous 
number of transfusions 


Conclusion 

The new antibiotic drugs sulfonamides, penicillin, streptomycin, and ty- 
rothrycin, have proved useful in the management of the infectious complications 
in leukemia and other disorders of the bone marrow 
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FOLLICULAR LYMPHOBLASTOMA 
A Rkport of Six Cases 


By OvxD O Meyer, M D 

F ollicular lymphoblastoma has been a subject of considerable interest since 
1915 when Brill, Baehr, and RosenthaP reported the z cases which made the 
medical profession really cognizant of this entity They called the condition gener- 
alized giant lymph follicle hyperplasia of lymph nodes and spleen Much earlier, 
m 1901, Becker^ had described a case which probably was this disease, and between 
I9IZ and 19x0 descriptions®"® of a few additional cases were reported In their orig- 
inal report Brill, Baehr, and RosenthaP concluded that the lymph node disease 
was probably benign, but in a subsequent report published two years later Baehr 
and Rosenthal® concluded on the basis of six cases studied, that the condition was 
malignant In the same year, however, Symmers^ described 3 cases on the basis of 
which he concluded that the condition was benign from the “standpoint of prog- 
nosis ’’ In an extensive report published in 1938, Symmers® described, with the 
histologic picture, cases of giant follicle hyperplasia which later were transformed 
into polymorphous cell sarcoma of the lymph follicles, others which appeared to 
terminate as Hodgkin’s disease, and still others which ended as “lymphatic” 
leukemia He stated that giant follicular lymphadenopathy, with or without 
splenomegaly, was probably infla mm atory or toxic in origin and usually amenable 
to mild roentgen therapy In a commumcation published in 1946,® he stated that 
he had seen 5 histologically proved cases in which roentgen therapy was followed 
by apparent cures for periods of 3, 4^, 5, 9I, and iz years Another patient survuved 
nine years without any treatment Baggenstoss and Heck,^® on the other hand, 
agree with the conclusion which Baehr, Klemperer, and Rosenthal “ had arrived 
at by 1931, namely that the disease is a form of lymphosarcoma which in its earl) 
stages presents the histologic picture of follicular hyperplasia but is later character- 
ized by a conglomeration of the follicles and diffuse infiltration of the lymph nodes 
by polymorphous lymphoblasts It was at this time that the term ‘ follicular 1 ) m- 
phoblastoma” was proposed By 1940, Baggenstoss and Heck^® had collected 59 
cases from the literature and 13 of their own, a total of yz In 1941, Gall, Morrison, 
and Scott^® reviewed 63 cases from biopsy or necropsy material submitted to the 
laboratory of the Massachusetts General Hospital Since publication of this re- 
port, more than 50 additional cases^®"®® have been recorded through 1946 These 
include 15 cases with skin manifestations reported b) Combes and Bluefarb ’'® The 
present paper reports 6 additional cases 

The chief characteristics of follicular h mphoblastoma are outlined bi Baehr, 
Klemperer, and Rosenthal " Enlargement of the h mph nodes is due to enormoush 
enlarged hmph follicles, a single one of which ma\ fill a low power microscopic 
held The follicles resemble huge germinal centers consisting of h mphoblasts v ith 
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frequent mitotic figures The periphery of each large folhcle is surrounded by a 
narrow zone of small lymphocytes whose nuclei stain darker The splenomegaly 
may be enormous as a result, chiefly, of enlargement of Malpighian bodies There 
are no abnormal cells in the blood Nor is anemia and cachexia present until the 
end stages of the disease There is a tendency to lymphatic infiltration in the lacri- 
mal gland, which gives rise to umlateral exophthalmus, and there is a tendency 
to involvement of serous membrane with pleural or peritoneal serous or even 
chylous effusion The disease is remarkable for its chronicity and its extreme radio- 
sensitivity No neoplastic disease responds more promptly to relatively small doses 
of roentgen or radium therapy Recurrences in widely separated parts of the body 
usually take place after varymg intervals until eventually, often after many years, 
there is radioresistance 

The present report is of 6 cases seen at the State of Wisconsin General Hospital 
since 1941 Two, cases x and 6, were of particular interest because of bone involve- 
ment Three of the patients were women, 3 were men The ages were 54 > 45 j 44 > 

8x, and 60 respectively 


Case Reports 

Case I L MM , age 54, a white farm housewife, was admitted September 3, 1541 She complained th« 
for SIX months she had been afflicted with shortness of breath and a cough In the spring of 1541, ^ 

a painless swelling of the right side of the neck She saw a physiaan on July 3 and was hospitalized 
left pleural effusion was demonstrated, and thoracentesis was performed on three occasions, each or w c 
was followed by temporary relief of dyspnea 

Exaimnation showed an obese white woman, able to sit up in bed The trachea was dcviat 
right There were x cm nodes in the nght cervical region, several i cm nodes in the left posterior c 
chain, and a healed surgical scar of biopsy on the right The nodes were freely movable, nonten ®'’ 
without induration No other enlargement of lymph nodes was demonstrated There were 
massive fluid accumulation in the left thorax The blood pressure was 170/ 90 The liver exten e 3 

the spleen 8 cm below the costal margin Loevtcs 

Laboratory studies showed a hemoglobin of 14 3 Gm (90 per cent), erythrocytes 

5,300, neutrophiles 64, lymphocytes 31 per cent, monocytes!, eosinophilesx per cent Bo ^ 

was negauve A roentgenogram of the chest as read by Dr L W Paul showed massive Ic t-si ^ ^ 

presumably due to pleural effusion Bucky film after aspiration of fluid did not demonstrate c 
of mediasanal nodes The tuberculin test was negative 

Thoracentesis on three successive days resulted in the withdrawal of 1300 cc of chy oas u^^ 
occasion No organisms were found in the fluid, and it was negauve for aad-fast aci 
gravity was i 0x3, and albumen x per cent, there were many red blood cells Biopsy o a 
right cervical region on September 6, 1941, showed the findings of follicular lympho gjstance 50 

The patient received eight treatments of 150-r to xoo-r each in air (H V L •= i 05 outpan'^'’' 

cm ) between September 8 and 13, 1941, and she went home In October she returne to ^^£,ght, but 

department Earlier in the month she had required a thoracentesis There had been no gam 

she felt better Her cough, however, and the signs of a small fluid accumulationin t c n,jrgm 

persisted There w ere no palpable 1 ) mph nodes, the spleen was about 6 cm and for thf<at 

On Januaiy 8, 1941, the patient reported a ravenous appeutc, an 8 pound gam m jieep 

w ecks recurrent backache in the mid-lumbar region w faich w as sev ere cnoug to cau w as i"} 

The cough had disappeared E-xamination showed tin> cervical and axillar) n cs j^j^bar region A 
cm below the costal margin There was muscle spasm and tcndcm«s m t j^ga^nicnts of 15°''' 

roentgenogram of the lumbar spine was negative for bone or joint massage and diathefim 

were administered, since the pain persisted 
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She was readmitted to the hospital on April 2.7, 1941, suffering torturing pain in the back and down 
into the legs She had increasing difficulty in walking and loss of control of the bladder and bowels 
Physical examination at this time revealed signs of a moderate accumulation of fluid in the left pleural 
cavity, the spleen was just palpable, and there was no enlargement of the lymph nodes The patient could 
no longer move the lower extremities, the deep reflexes had ceased, and the vibratory sense and position 
sense were absent There appeared to be deformity of the 8th thoracic vertebra 



Fig I Section of a Cervical Lfmph Node of Patient L M M , Case No i 

Magnification 30X 

Labonton studies shoved the hemoglobin to be ii 4 Gm (70 per cent), Icukocitcs 4,500 with 76 
per cent neutrophilcs A roentgenogram of the dorsal and lumbar spine showed no definite bone lesions 

It was belies ed that the patient had a lesion compressing the cord, and fisc treatments totaling iioo-r 
■n air (H V L = 1 05 mm distance 50 cm ) \\crc administered to the dor^ial and lumbar regions She 
returned to the hospital for the last time on Juh 9, 1942. Her condition ha*; not imp^o\cd. ten da\s 
I^forc, her legs had become slightl) flexed at the hips and knees and it wa<; almo-.t impos'^iblc to mo\c 
them 

There was anesthesia in both legs, due to apparent sacral segment lesion and in the right leg it cx- 
ended to lumbar 4 Deep reflexes were absent Roentgenograms of the do'sal and lumbar spire s ere 
fcgatnc The laboratorx studies were not significantK different from those made in ^p'll Six featn-rts 
of loo-r each in air (H \ L = x 4 mm distance 60 cm ) were administered to the di'- o lu'-iba-- 'p ■’e 
between Juh 1 and 7 1941 and the patient was discharged She died at borne ab )_t ts o m '"tl s late' 
and autops\ \sas nor obtained 
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Com7nent Involvement of the pleura with effusion was prominent in this patient 
The unproved but apparent involvement of the spinal cord was unusual The course 
was rapid, death occurring within i8 months of onset of the lymph node enlarge- 
ment 


Case s! C A J , age 45, an American housewife of Dutch descent, was admitted on Maj 13, 1946, com- 
plaining of pain in the left leg Her illness had begun three years before with episodes of gaseous dis- 
tension, nausea, and diarrhea Several months later she noted enlargement of nodes in the inguinal 
regions, enlargement of the abdomen, and then the presence of lumps in the neck and avillae Biops) 
was made and x-ray therapy given The nodes disappeared A few months later she complained of pains 
in the arms, legs, and lower abdomen These gradually decreased w'lthout specific therapy After this 
she had been able to do hard work until two months before admission when she again suffered pain in the 
left leg and lower back 

Physical examination showed a well-developed, well-nourished, though pallid woman The largest 
of a few palpable nodes, x cm m diameter, was in the right axilla The liver and spleen were not palpable 
Laboratory studies showed 4 plus glucose in the urine, hemoglobin ii Gm (70 per cent), erythrocjtes 
3,415,000, leukocytes a.,700 with neutrophilcs 69, cosinophilcs o 6, small lymphocytes 7, atypical l)ni 
phocytes z 6 , intermediate and large lymphocytes 3 4, young lymphocytes 5, monocytes ii 4, metamye- 
locytes o 8 , neutrophilic myelocytes o z per cent Reticulocytes numbered i 4 per cent The v olume of the 
individual cell was 94 1 cu microns A roentgenogram of the chest showed no enlargment of mediastinal 
nodes The roentgenogram of the pelvis as read by Dr L W Paul showed areas of increased dcnsit) in 
the ischial rami, particularly on the left side, with a suggesuon of a little mottling in the upper ends of 
the femurs These changes were thought by Dr Paul to be consistent with carl) involvement of these 
bones by a lymphoblastoma 

Biopsv of an axillarv ly mph node was performed, the description of Dr Walter Jacschke being as fol- 
lows This moderately enlarged node has a moist grey medullary appearance on cut section Throughout, 
there arc giant follicles separated by a lymphoid stroma In the stroma, there are numerous costnophiles 
Rced-Sternberg cells are not identified Diagnosis giant folhcle lymphoblastoma 

The patient received 600-r in air of high voltage roentgen therapy (H V L cu = i 05 mm distance 
50 cm ) to the right and left axilla and a similar dosage to the anterior and posterior pelvis She was dis 
charged on May zz, 1946 Her local physiaan reports that the patient died in July, 1946 


Comment This patient, who had symptoms for three years before coming under 
our observation, had definite anemia by this time There is in the literature httlc 
to suggest involvement of bone with follicular lymphoblastoma, but since it is 
common in other types of lymphoblastoma, its occurrence in x of the 6 cases here 
described is probably not surprising 

Case } E R H , a 44-ycar-old white male, was first admitted to the Wisconsin General Hosp^^^ 
April 1.8, 194X, complaining chiefly of lumps on the head and left side of the neck He 
enlarged node behind the right ear as long as he could remember About nine months before a m ^ 
he had first noted three small lumps on the right side of the head These slowly increase 
w'cek before admission another lump appeared on the left side of the head A biopsi o ano e 
scalp show cd h) pcrplastic follicles He had lost xx pounds in weight ood color 

Physical examination showed this patient to be a wcll-dcs eloped, well-nourished man o g^ 

On the right side of the head were three firm, but movable, masses measuring a x 3 to 1 x 4 ^ ^ 

leftside, also in the region of the scalp was a single smaller node, and in the left m 

firm node measuring 3x5cm In the neck were several smaller nodes ^ „asioowstolic, 

the right postauncular, the axillary , cpirrochlear, and inguinal regions Blood inspiration 

110 diastolic The liver extended 3 cm , the spleen tem below the ^ . -So 000. leu 

Laboratory studies showed a hemoglobin of 15 9 Gm (too per cent), erv - 

kocy'tcs S,6oo vvnth neutrophiles 76 per cent, lymphocytes 13 per cent, eosinop 
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Wasscrmann was ncgitnc Tlic bi’^al metabolic rate was plus 37 Roentgenograms of the chest showed 
cardiac enlargement X-ra\ of the skull was negatnc Diopss of the node in the left submandibular region 
was interpreted b\ Dr W D Stoa all as giant folliculoma (follicular lymphoblastoma) 



Fig X Section of an Axillari Lymph Node, Case No x Magnihcation 60X 


The patient was discharged on May 5, 1942., to report to the outpatient department for roentgea 
thcrapj He has been seen repeatedly in the outpatient department and has twice been readmitted to the 
hospital, in Ma) , 1943, and on Januar) ii, 1945, at which time he complained of dyspnea, orthopnea, 
precordial pain, and cardiac arrhathmia For fi\c months he had been hoarse and for a week had noted 
enlargement of the spleen with pain in this region The right side of the neck was swollen 
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not the same in the original studies as in the last This emphasizes, it seems, the 
close relationship between follicular lymphoblastoma and other malignant disease 
(lymphosarcoma) The last biopsy was sufliciently characteristic to justify the in- 
clusion of the case in this scries 

Case s J G This piticnt, n white mile of 82., wis idmittcd to the State of Wisconsin General Hospital 
on April 14, 1545 He had an enlarged right tonsil, which had first been noticeable four months before 
and had been progressneh growing There was no pain nor bleeding, apd although the patient was 
conscious of the mass, it caused no real difficulty in eating 

The patient was acr\ deaf and almost blind The teeth were \cry carious The enlarged right tonsil 
protruded well into the midline and filled half the throat The mass was irregular, hard, and nontender 
There was no enlargement of the 1 } mph nodes, nor of the spleen and liver 

The blood count showed a hemoglobin of 11 6 Gm (70 per cent), erjThrocytes 3,600,000, the leu- 
Loc) te count was normal A roentgenogram of the chest showed no enlargement of mediastinal nodes 
The tonsils were removed surgicalh The left was fibrous The right tonsil was 4 \ i 5 x i cm There 
was loss of usual architecture, although a number of large giant follicles could faintly be made out 
Throughout the sections there were occasional endothelial cells, numerous small round cells closely 
rescmbhng Ijmphocjtes, and occasional mitotic figures The interpretation of Dr W D Stovall was 
follicular lymphoblastoma The patient died of bronchopneumonia six days after the operation Post- 
mortem examination was not permitted 

Commmt The disease in this instance involved, so far as could be determined, 
only the tonsil Baehr, Klemperer, and Rosenthal” observed that in their cases the 
tonsils and lymphatic apparatus of the gastrointestinal tract had not been in- 
volved Baggenstoss and Heck^® report x cases with tonsillar involvement and two 
other reports describe nasopharyngeal tumors with the histologic picture of fol- 
licular lymphoblastoma in which neither the lymph nodes nor spleen ” were 
grossly involved Tonsillar involvement with other types of lymphosarcoma is 
by no means rare 

Case 6 S W , a male Chippewa Indian 60 years old, was admitted to the Wisconsin General Hospital 
on April ig, 1343, complaining chiefly of weakness He had been in good health until six weeks pre- 
viously, when he began to suffer from weakness which became progressive Four weeks before admission, 
he had gone to his local doctor, and a week later he noted swelling of the penis and scrotum which pro- 
gressed Three days before admission he developed swelling of the left leg In response to questioning he 
revealed that for two years he had noted enlarged nodes in the left inguinal region and similar nodes on 
the right for four or five months During the past six weeks, nodes in the axillary and cervical region 
and an abdominal mass became apparent There had been a nonproductive cough, and for seven weeks 
intermittent tarry stools The patient had had pleurisy at the age of xi 

Physical examination showed a moderately well-nourished man Scattered in the cervical, supraclavic- 
ular, and axillary regions were moderately firm, discrete nodes 1 to 2. cm in size, and there was a tiny 
left epitrochlear node There were similar nodes, 2. to 3 cm in diameter, in the inguinal regions, and a 
large firm mass filled most of the left side of the abdomen Ex'pansion of the left lung was limited, and 
there vv as dullness at the left base The liver and spleen were not palpable The penis, scrotum, left lower 
extremity to the mid-thigh, and the right foot were moderately edematous 

Laboratory studies showed a hemoglobin of 13 3 Gm (80 per cent), erj'throc} tes 4,2.50,000, leukocytes 
6,700 with neutrophiles 64 per cent, lymphocytes 19 per cent, monocytes 2. per cent, and eosinophiles 5 
pet cent Blood Wassermann was negativ'e. Hanger s ccphalin-cholesterol flocculation test was negative 
Roentgenogram of the chest showed atelectasis at the left apex with displacement of the trachea to the 
left There was extensive fibrosis and some calcification of the pleura with a small left pleural effusion 

* The biops) section of April 3, 1945, has been reviewed and the diagnosis of reticulim cell Iv mpho- 
sarcoma confirmed 
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The mediastinal shadow was widened, and radiating areas of infiltration extended into the field of the 
lower left lung X-ray of the colon following barium enema showed marked narrowing of the sigmoid 
apparently due to an extrinsic mass Gastrointestinal roentgenograms showed that the esophagus de 
viated sharply to the left in its upper portion and that the trachea was displaced in consequence of the 
fibrotic and calcified pleura of the left apex The stomach was displaced upward because of abdominal 
masses and fluid The duodenal loop was large and rounded, probably as a result of a mass of nodes about 
the head of the pancreas Biopsies ts ere done of an inguinal node, of an epitrochlear node, and later of an 
axillary node Large hyperplastic follicles were noted, which almost crowded out the pulp lymphocytes 
Dr W D Stovall interpreted these nodes as malignant giant folliculoma (follicular lymphoblastoma) 
The patient, after a period of twenty essentially afebrile days in the hospital during which ume he 
received eight treatments of xoo-r each of roentgen therapy (H V L cu = a- 4 mm , distance 50 cm ) 
to the anterior and posterior mid-abdomen, was discharged on May 19 He had been seen in the hospital 
and in the outpatient department at intervals of about three months to December ii, 1946, his hospital 
admissions totaling ten He had continued to have quite general enlargement of the lymph nodes, and 
on his second admission the spleen and liver were enlarged At times supicrficial nodes were as great as 
5 to 6 cm in diameter Roentgen therapy to various sites had been given with each admission On several 
occasions, abdominal paracentesis, resulting in the removal of as much as 3,000 cc of creamy, foul 
smelling fluid, was done Temporary improvement followed each course of therapy In August, 1945, 
when he was admitted for the seventh time, he complained of having suffered shooting pains in the legs for 
ten days, making it impossible to walk For four days previously, he had walked dragging his feet 
He could move his toes slightly Examination at this time showed scattered superficial nodes i 5 to 3 cm 
in diameter, persistence of pulmonary changes, and marked weakness of the legs, though he could move 
them a little in bed The knee jerks were present, but Achilles reflexes and abdominal reflexes were absent 
Babinski and confirmatory signs were present bilaterally There was tenderness over the spine at the level 
of the sixth and seventh dorsal vertebrae Spinal tap was done and there was evidence of block 

Laboratory studies showed a hemoglobin of 10 7 Gm (69 per cent), erythrocytes 3,030,000, lym 
phocytes 4,^4o with a relative lymphocytosis Spinal fluid showed a negative serology, gold sol 001133 
rioo, no cells, sugar 63 mg , protein 415 mg per 100 cc of blood X-ray of the spine sho'sed no alteration 
in the vertebra, but roentgenogram of the chest showed distinct increase in the mediastinal mass wit 
metastatic nodules in the right pleura The patient received four roentgenographic treatments 0 10^ 
each to the anterior and posterior mediastinum and was discharged as improved He gradually 
some strength in his legs but in October, 1943, was still unable to walk On this admission the 
globin was 8 2 . Gm (50 per cent), erythrocytes 1,350,000 The chest x-ray showed a marked dKteas^^^ 
the width of the mediastinal mass but an increase in the size and number of the metastatic no u 
field of the right lung Further roentgenotherapy was administered to the mediastinum right 

The patient was next admitted on August 1, 1946, complaining of pain and weakness 
knee and in the right leg which was relieved by rest He was thin and pallid There "cre 
larged ly mph nodes 2. to 4 cm in diameter There was a x x 2. cm tender nodule on the me la 
right femur just about the knee Roentgenogram of the right femur at the junction of t c mi^^ ^ 
lower thirds showed an osteoly tic lesion involving the shaft of the femur for a distance o pf jnialler 
large central rarefaction extended almost through the cortex laterally, and there were a nu 
rarefactions which were intercommunicating Pathologic fracture was thought to be (q 

patient w as placed in a hip spica cast and seven treatments of 150-r each in air (H V L cu right 

i 40 mm , distance 50 cm ) were administered to the femur through a window m the amount of 

testis was enlarged, irregular, and hard, and was believed to be involved by tumor, a 

therapy was directed to It, also lower extremity 

The patient next entered the hospital on November 16, 1947 The pain m the rig t ^oJes 

persisted but was less severe and less constant The patient was thin and pallid A cw ^ jo^^cr 

were palpable There was tenderness of the left fifth rib The cast was still m place count 

extremitv Hemoglobin at this time was ii 3 Gm (70 per cent), ery throq tes pju, 13 and 

x, 650 with 56 per cent neutrophiles and 8 per cent eosinophilcs The basal meta ^ no^ram of the 

plus 15 Scrum proteins were albumin 4 9 Gm and globulin x i Gm per too cc o- 
chest showed no evidence of recurrence of the mediastinal mass X-ray ot t e r g trochlear noL 
creased destruction of the cortex in the distal portion of the femur Biopsv o a g 
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which was made on December 3 showed the outlines of giant follicles (three and a half years after the 
inguinal biops)) which were interpreted b) Dr Walter ]acschlve as follicular iymphoblasconu Afterfivc 
treatments of loo-r each in air (H V L cu = x 4 mm , distance 50 cm ) to the femur through a window 
in the cast, the patient was discharged The last admission was April 17, 1947 The patient at this time 
was emaciated Biopsj of the bone lesion showed several small cellular foci composed of elefeely packed 



Fig 3 Lateral anx) A P Views of the Femur, Case No 6 


small cells, apparently lymphocytes There were no follicles The interpretation of Dr Walter Jaeschke 
Was necrotic lymphoid tissue 

The patient died April 15, 1947 The autopsy was done b\ Dr John W Harman of the Department of 
Patholog) , and he reported that the autopsy demonstrated a large, firm, diffuse, greiish-w hire retroperi- 
toneal mass w'hich included both adrenal glands, infiltrated the pancreas, was attached to the under- 
surface of the liter and surrounded and constricted the pehi-uretcric junction of the left kidnev There 
"ere set eral discrete nodules of similar tissue in the liter (sec fig 4) The onl) enlarged It mph nodes seen 
"ere the left cpitrochlcar and right external iliac The spleen weighed 150 Gm Microscopicall) the 
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SI wT if T"'"’ ^ predominantly follicular structure 

snSl nSi I '^'r ^ follicular structure was accentuated, each follidc tvas 

urrounded by a zone of compressed reticuhn fibers In all sections the cell type was almost exclusively 



Fig 4 Section of the Liver Showing Nodules From the Autopst, Case No 6 

small lymphocytic, only rare clasmatocytes vscrc seen The splenic structure vas normal, the follic 
v\ ere few, small, and widely separated by the pulp Diagnosis malignant follicular lymphoma 

Comment A male Indian with follicular lymphoblastoma which ma} have 
in 1941 and was diagnosed in 1943, evidencing widespread disease with pro a 
involvement of the spinal cord and definite involvement of bone with resu ta 
destruction The architecture of the lymph nodes had changed, but some c 
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actenstics of follicular lymphoblastoma persisted in the biopsy done in December, 
1946, although the patient's condition was poor and the disease far advanced 
The development of a bone disease such as this strongly suggests that we are 
dealing with a malignant tumor such as a lymphosarcoma Finally, at autopsy, 
four years after onset of the illness, there was still the characteristic pathologic 
change of the follicular l}rmphoblastoma 

Discussion 

The SIX cases herein described represent varying symptomatic states dependent 
upon varying sites of the lesions and emphasize the protean manifestation of fol- 
licular lymphoblastoma Two cases. No 5 and No 6, present previously rarely 
reported or unrecorded lesions 

Analysis of these cases tends to confirm observations made by Baehr, Klemperer, 
and Rosenthal^ and by Baggenstoss and Heck The disease tends to, but does 
not invariably, pursue a relatively slow course The onset is ordinarily insidious 
Pleural effusion was prominent, occurring in 3 of the 6 cases .Ascites was demon- 
strated in case No 6 Hypochromic anemia was almost invariably present, when 
the patient was seen late, rarely so if seen early The leukocyte counts showed noth- 
ing characteristic early or late Cachexia was unusual until late in the disease 
This IS quite characteristic of other types of lymphosarcoma, however, whereas 
anemia appears relatively early in Hodgkin’s disease The course in those of our 
cases followed for long periods certainly suggests that one is dealing with a neo- 
plastic process, malignant in character Bone destruction, prominent in one case. 
No 6, and involvement present in another. No a, further suggests the malignant 
character of folhcular lymphoblastoma In a word, our observations, although not 
extensive, tend to confirm the conclusion of Baehr, Klemperer, and Rosen thaP^ 
and Baggenstoss and Heck^” that this is a form of lymphosarcoma, and that, al- 
though readily amenable to roentgen therapy it is not ordinarily curable by this 
type of therapy, as has been suggested 

This series does not enable one to form an opimon as to the duration of the 
disease, but general opimon holds that the course is slower than with the other 
forms of lymphosarcoma Of our cases. No 6 has been ill for four years and may 
have had lymph node involvement for six years Case No i, whom we observed 
from early in her course to almost the end, survived about eighteen months 
Baggenstoss and Hcck^” have discussed well the pathologic differentiation of 
follicular lymphoblastoma and lymph node hyperplasia of inflammation and our 
observations add nothing in this regard Evans^^ has listed the pathologic differ- 
ences of lymphadenitis of secondary syphilis and follicular lymphoblastoma 

Conclusions 

Six cases of follicular lymphoblastoma are here reported They demonstrate a 
variety of pathologic lesions with a characteristic histologic picture with variable 
S)Tnptoms and signs Tonsillar involvement was unique as the sole demonstrable 
lesion in one Bone involvement occurred in nvo 
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Study of these 6 cases leads us to believe that we are dealing with a clinical and 
pathologic entity and a malignant tumor, one which is usually highly sensitive 
to roentgen therapy, but ordinarily recurrent and progressive 
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THE SIGNIFICANCE OF MEGAKARYOCYTES IN 
THE PERIPHERAL CIRCULATION 

By Sir Lionel Whitby 


S OME of George Minot’s earliest publications were concerned with platelets and 
megakaryocytes and the significance which should be attached to an increase 
of the former or the presence of the latter in the arculation In a paper entitled 
“Megakaryocytes in the peripheral circulation,” Mnot (191^) pointed out that an 
increase in circulating platelets was usual whenever megakaryocytes were present in 
the peripheral blood, with the exception of myelogenous leukemia in which, 
despite megakaryocytes, the platelets might still be normal and even decreased 
Mnot’s general observation was that whenever megakaryocytes or fragments 
were found there was usually other evidence of a grave disturbance of marrow 
function, as suggested by the simultaneous presence of immature cells of cither the 
white or red cell series, or both This was an early conception of the phenomenon 
nowadays known sometimes as Icuko-erythroblasuc anemia or, sometimes as a 
leukemoid blood picture caused by a nonleukermc disease 
As to myelogenous leukemia, in which prinutive leukocytes (and usually red 
cells) were already present, Mnot suggested that the appearance of megakar}'0- 
cytes might be a sign of an acute exacerbatioyi of the disease, he observed that when 
megakaryocytes appeared, the blood picture often changed from myelocytic to the 


terminal mycloblastic predominance 

Mnot’s general deductions were that since neither myeloblasts, nor nucleate 
red cells, nor megakaryocytes arc found normally in the blood stream, then the 
finding of any or all of these cells pointed to a serious alteration in the mechanism 
regulating the emergence of cells from the bone-marrow into the circulating 0 00 , 
in such cases, the marrow was subject to great strain, the pathologic process un 
lying the regulating mechanism was varied, since the immature cells occuffc 
the blood not only when there were ‘ structural changes in the marrow, as 
myelogenous leukemia, but also with other changes, ‘ probably functiona , as 


pneumoma and sepsis ” •• r- 

Nowadays, one could add a number of other diseases which bring about st ^ 
tural changes in the marrow,” to Mnot's example of myelogenous leu 
ability to hint at a correct diagnosis in these other diseases, which me u 
cinomatosis and Hodgkin’s disease of bone, myelomatosis, 
myelosclerosis, Cooley’s anemia and lipomatosis of the bone marrow f 
and Erf, 1943) can make or mar a hematologist, who must always e on r 

when he is confronted with a leukemoid blood picture hcrcforc a” 

Mnot’s suggestion of the significance of megakatyocytes was, t 

observation of fundamental practical value the fact that 

In a later publication, Mnot and Buckman (1913) drew Attention 

megakatyOC>tes may share in the hyperplastic megakarjo- 

cryHhreima (polyC)'thcmia vera) and that in the former co 

^ From the Cambndge Umvcrsit> Medical School, Cambndge, England 


934 



MEGAKARYOCYTES IN PERIPHERAL CIRCULATION 


935 


cytes may someames appear to be more involved than the leukocytes, so that the 
blood might indeed be flooded with megakaryocytes and their derivatives, the 
platelets For a time, the leukemic process might seem to be almost restricted to the 
megakaryocytes, even as frank erythremia or leukemia cause varying degrees of 
pathologic activity of myeloid or erythroid tissue in conformity with a definite 
type This paper has sometimes been quoted as suggesting a megakaryocytic type 
of leukemia, but such is a misrepresentation of Minot and Buckman’s views, which 
go no further than to say that the disease process “appears to be’’ confined to the 
megakaryocytes When taken in conjunction with Minot’s (19x2.) earlier paper the 
sigmficance of megakaryocytes in erythremia would seem to be a hint that the dis- 
ease was in process of transition to some complication, possibly to the malignant 
erythro-leukemic form or to the terminal stage of a “spent” hyperplastic marrow 
which IS becoming sclerosed This last, as I shall presently show, is the more prob- 
able explanation, in view of the frequency with which megakaryocytes and ab- 
normal platelets are found in the blood in myelosclerotic conditions 

Minot and Buckman (19x5) followed up their first paper by another on “The 
Blood-platelets in the Leukemias,” in which they concluded that the platelet count 
yielded useful knowledge for guiding treatment and for appraising the state of the 
leukemic patient They observed that the platelets, especiaUy in myelogenous 
leukemia, might be greatly increased or much reduced, whereas in the acute leu- 
kemias and the chronic lymphatic type it was usual to find the platelet count below 
normal They noted that pctechiae and hemorrhages were often associated with 
platelet decrease, and that hemorrhages, though not petechiae, might be found in 
chrome myelogenous leukemia, even when the platelets were greatly increased 

These three of Minot's early papers emphasize four important points, of which 
some are nowadays accepted as commonplace, though others are not widely 
known 

I That megakaryocytes in the circulation are an indication of a serious dis- 
turbance of the bone-marrow The fact must be taken into account when framing a 
prognosis 

X That the bone-marrow disturbance is commonly leukemic in origin, but not 
always so In the latter case, there is frequently a leuko-erythroblastic anemia, and 
the causes of such must be considered 

3 That when megakaryocytes appear in the circulation in leukemia or ery- 
themia, they indicate of an impending change in the character of the disease 

4 That the hemorrhagic manifestations of leukemia arc not due entirely to 
reduction in platelets 

Megakaryocytic Leukemia 

Boros and Korenyi (1931) described a case which they designated as megakario- 
blastic leukemia The case was severely anemic and had a Icukoc) te count of the 
order of zoo, 000 cells per cu mm , among which the most primitive cells were 
described as large mononuclear leukoc> tes 10-X5 n in size, megakarj oci tes, c^ pical 
and atj-pical, complete and fragmented, were numerous in the blood The clinical 
course of the disease as well as the postmortem description, suggest a diagnosis of 
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an acute termination of myeloid leukemia Indeed, there can be little doubt that 
Boros and Korenyi were observing no more than what Minot had described years 
before— the appearance of megakaryocytes in the circulation in myelogenous 
leukemia 

The literature also contains a number of reports under such descriptive names as 
“chronic nonleukemic myelosis” (Hickling, 1937, Carpenter and Flory, 1941), 
“aleukemic megakaryocytic myelosis” (Favre et al , 1934) and “myeloid mega- 
karyocytic hepato-splenomegaly” (Downey and Nordland, 1939) Most of the 
cases described under these various titles have exhibited a leuko-erythroblastic 
anemia, with megakaryocytes and their fragments in the peripheral blood (as much 
as z6 per cent of all nucleated cells in Carpenter and Flory’s case) The spleen and 
liver have been enlarged, but seldom the lymph glands Sections of the spleen, the 
bone marrow and even the liver, as well as sites of extramedullary hemopoiesis 
have shown numerous megakaryocytes Nearly all such reports concern cases of 
myelofibrosis, and the frequency with which the megakaryocytic phenomenon is 
prominent in this condition has been well presented and illustrated in the account 
given by Rosenthal and Erf (1943) of 17 cases of myelofibrosis and one of osteo- 
petrosis (Albers-Shonberg disease) The megakaryocytic tissue in the spleen and 
other organs arises from myeloid metaplasia, sometimes the process has been so 
prominent that authors have put forward the idea of a megakaryocytic leukemia 
This cannot be accepted on the evidence presented It would seem that myelo- 
fibrosis IS the fundamental factor in producing this megakaryocytic type of meta- 
plasia, whether the underlying cause of the fibrosis be idiopathic, or the spent 
stage of polycythemia, or even myeloid leukemia and other invasive conditions 
(carcinomatosis, etc ) of the marrow In practice, whenever megakaryocytes, frag 
ments, giant or bizarre forms of platelets, or even gross platelet increase, are oun 
in the circulation, the question of myelofibrosis should be considered Other sma 
practical points can each or severally support the diagnosis These include the evi 
dence afforded by the other features of the blood count, by sternal 
more especially by sternal biopsy, by radiologic examination of the bones wi 
suitable controls of the same age group and, if thought necessary, by sp 
puncture 

The result of sternal puncture is usually disappointing on the positive si 
in Itself should raise suspicion when the accomplished operator is unable to 0 
a satisfactory marrow sample by puncture, and especially if the bone ® 

puncture The sample usually contains few cellular elements derive to 
marrow, but either giant platelets or megakaryocytes are highly 
such cases, sternal biopsy should be performed With a section, the ^umerous 

the marrow is revealed, and the lack of cellularity often associate wit n^^ 
megakaryocytes provides a diagnostic picture Radiologic ? *^^Qj.ticcs, 

occasionally shows mottled rarefactions or irregular condensations m 
which need to be compared with appropriate controls taken at t e sa 
with the same exposure (Hynes, 1940) Splenic puncture sometime 

characteristic myeloid metaplasia with many for ad indication 

The following is a brief summary of a case recently referred to 
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by The Ministry of Pensions, itillustrates the confusion which may arise in patients 
who exhibit splenomegaly with leuko-erythroblastic anemia — a confusion which 
becomes more confounded under service conditions, when the patient moves from 
one hospital to another 


Report of Case 

Sergeant B E P was examined on rc-cnlistmcnt m 1940, at the age of 38, and placed in Category Ai 
He had an uneventful service until, during the campaign in N W Europe in 1945, he reported sick with 
vague pain in the left upper abdomen He was found to have a spleen enlarged to fingers breadth below 
the costal margin, the liver was not enlarged The blood count, performed under field conditions, was 
reported as Hb 13 Gm per cent, red cells 4 5 million per cu mm , IcukoqTes 6 5 thousand per cu mm , 
with no exact differenual, though the report stated that 2.50 cells were abnormal, including myeloblasts, 
myelocjTes, metamj'^eloc} tes and some cells of ‘ unknown origin there were also a few early and inter- 
mediate normoblasts 

The man was esmeuated from Europe and reinvestigated in England The record of the blood count 
was Hb 13 8 Gm per cent, red cells 4 4 million per cu mm , leukocytes 6 z thousand per cu mm , with 
3 6 per cent myeloq'tcs, o 4 per cent myeloblasts, o 8 per cent metamyelocytes, z megakaryocytes and 
0 8 normoblasts per 100 leukocytes Invesagarions included the exclusion of syphilis and glandular fever 
and a diagnosis of aleukemic leukemia was made A blood count a month later was approximately the 
same, save that many giant platelets were observed At the same time, a sternal puncture was performed, 
which showed essentially the same cell content as the blood, except for a slightly higher proportion of 
myelocytes and larger numbers of giant platelets and z megakaryocytes per 100 nucleated cells 

The patient then had a number of medical boards, where he was labelled ? leukemia, ? Hodgkin s 
disease, ? Banti s syndrome At one of the boards, it was noted (without comment) that the pauent was 
high colored and had a blood pressure of 160/90 He was discharged from the Army shortly afterwards 
He W'orked as male nurse for two years, and was then re-cxamined on account of his pensions appeal 
He stated that he had gone down hill a little, but was reasonably well His blood pressure was 180/110, 
mid there was some left ventricular hypertrophy, the spleen was enlarged to three fogers breadth below 
the costal margin, and the liver was easily palpable The blood showed no increase in the anemia, the 
leukocyte count was 6 3 thousand per cu mm , with 8 5 per cent of abnormal cells, of which o 5 per cent 
were myeloblasts, z 5 per cent unidentified cells, and the remainder either myelocvtcs or metamyelo- 
cytes, there were 3 megakaryocytes and 4 normoblasts per 100 leucocytes 

Thus, during the intervening two years, the character of the leuko-crythroblastic 
anemia had not altered significantly, nor, indeed, had the clinical state greatly 
deteriorated The spleen had become more enlarged, the liver had become palpable 
^nd the blood pressure had risen The true nature of this man’s disease, which 
®ight have been suspected from the outset by reason of the hematologic findings, 
IS amply confirmed by the subsequent history and later records 

Most of the points relative to the title of this article, which is virtually the title 
of Minot’s original (i^zz) paper, can be extracted from the above case record, and 
expressed as a 


Summary 

^ Leuko-erj'throblastic anemia, with leuko-erythroblastosis, rather than 
anemia, when associated cither with the presence of megakar) ocytes or giant 
P atelets in the circulation, is verj" suggestive of the myeloid metaplasia so com- 
^onlj found with myelofibrosis 
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L Associated splenomegaly with subsequent slow progress to hepatomegaly and 
a tendency to hypertension are confirmatory clinical features 

3 Sternal puncture may or may not confirm the diagnosis, but if the specimen 
contains megakaryocytes, the fact is highly sigmficant Difficulty in piercing the 
bone or in obtaimng a satisfactory marrow sample are points in favor of a myelo- 
fibrosis, which should be confirmed by the histologic examination of a trephined 
specimen 

4 Controlled radiologic examination of the bones is sometimes of value in 
establishing a diagnosis in the idiopathic disease 

5 A similar blood picture may occur with polycythemia vera, with myeloid 
leukemia and, occasionally, with other conditions in which invasion of the bone- 
marrow occurs In polycythemia vera the finding suggests a tenmnal phase of 
exhaustion, in myeloid leukemia, likewise, the megakaryocytic phenomenon is 
usually an ominous sign of the terminal phase 

6 When megakaryocytes are found in the circulation a diagnosis of myelo- 
fibrosis should always be considered 

This short and simple aruclc, which draws attention to some of George Minot’s early work, brings 
with It the greetings of the entire staff of The Cambridge University Medical School to a great physician 
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THE ACTWE PRINCIPLE IN THE LEUKOCYTOSIS-PROMOTING 

FACTOR OF EXUDATES 


By Valy Menkin, M D 

T he earlier studies of the writer have demonstrated that the leukocytosis 
accompanying many inflammatory processes is referable to the liberation at the 
site of inflammation of a factor closely associated with the pseudoglobulm fraction 
of exudates ^ ■ 2 . 3 'pj^^ factor per se offers a reasonable explanation for the mecha- 
msm of leukocytosis with inflammation This factor not only induces a discharge 
of immature leukocytes into the circulating blood, ^ but it also is capable of produc- 
ing a hyperplasia of granulocytes and of megakaryocytes in the bone marrow ^ The 
factor (abbreviated as the LPF) is active on human beings, thus suggesting possible 
clinical application ® It has been found to be active on guinea pigs This ammal may 
well serve as a convenient assay animal ® In as yet unpublished studies, it has been 
found that the LPF reinforces the leukocytosis caused by an already existing in- 
flammation This may be sigmficant in the usage of the material in clinical cases 
with inflammatory processes It is quite conceivable that the factor may be utilized 
as an adjunct to the antibiotics 

The Icukocytosis-promoting factor has always been recovered in the form of a 
pseudoglobulm Recent studies in association with Dr G Cooper and Mr M L 
Dillon at Duke Umversity suggest that the LPF seems to be distributed primarily 
between the and a2 globulins of exudates In the present commumcation evidence 
IS furmshed which suggests that the active group in the pseudoglobulm molecule 
of exudates is a relative simple polypeptide 

Experimental 

The leukocytosis-promotmg factor (LPF) utilized m the following observations 
has been obtained from pleural exudates m dogs previously injected with i 5 cc of 
turpentine as described in the past ^ The scheme of extraction can be briefly restated 
by referring to the diagram on p 940 

The material when freshly obtained appears as a fluffy, white powder which is 
extremely soluble in an aqueous medium It is active m dogs, inducing a discharge 
of immature white cells into the arculation 
After several months, a curious change occurs m the material It seems to lose its 
solubility, becoming quite insoluble in physiologic saline, and at the same time 
the material loses its biologic activity It now has either no or little activity m 
causing a rise m the number of circulating leukocytes It seems as if a spontaneous 

From the Agnes Barr Chase Foundauon for Cancer Research, Temple Unnersitt School of Medicine, 
Philadelphia Presented before the Philadelphia Pathological Societi on March 13, 1947 

"Fhe aged samples of leukocj'tosis-promoting factor used in this scud\ were for the most part p'cparcd 
at Duke Uniiersity School of Medicine Aided also in part b\ a grant from the Bristol-Mci ers Compani 
\ork 

This IS No 37 of a series entitled Studies on Inflammation' 
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denaturation has occurred If the material is then centrifuged, the now insoluble 
part of the precipitate may even induce a leukopemc effect in contrast to the 
original leukocytosis-promoting property which it possessed This, however, is 
not consistently true At times it has either no activity, or at most a weak activity 
On the other hand, if the supernatant phase of the insoluble aged LPF is injected 

Exudate (usually alkaline exudates utilized) 

i 

(NHi) 2S04 to 1/3 saturation 

i 

precipitate 

i 

centrifuge 

i 

supernatant 

i 

dialyze until free of SO4- 

I 

(NH4)2S04 to one-half saturation 

i 

On ice for one to several days 

i 

Siphon off decant supernatant 

I 

Centrifuge 


K. - 

precipitate (as a rule, although not always, this Unsettled parts of precipitate 

fraction contains little LPF, but it may con- i 

tain some leukopenic property) Dialyze until free of SO4” 

I 

Leukocytosis-promoting factor (LPF) 

Lyophilized and left in vacuo 
under phosphoric anhydride 

into the blood stream of a normal dog, considerable activity is 
supernatant fraction induces a rise in the number of circulating eu o y 
pears as if aging of the LPF causes a spontaneous denaturation into a re 
active and insoluble part It splits off the active principle jj^at 

component The data of several such expenments appear in ta e ^ about lo 
when 10 to xo milligrams of aged LPF (3-6 months old) is 
cc of saline, stirred, and centrifuged, the supernatant part yie 
activity when injected into dogs There is an increase of a 

number of circulating leukocytes (table i) The evidence mi ^ ^ ^,11, grams 

* Dctcrminanon on three samples of LPF have jiclded a recotcr) on the a\er g 
of LPF per cc of exudate 
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principle is liberated m mo as a soluble component from the now insoluble and 
aged sample of leuJcocytosis-promoting factor The course of one such experiment 
IS shown in figure i 


Table i Effect of a SolubU Fraction Derived from Aged LPF (i-tf months old') on the Leukocjte Level 


Dog Ko 

Amount of original LPF 

I from -which soluble fraction 

1 dcn\ cd 

Basal no of white 
blood cells 

Maxunum no of white blood 
cells -withm 3-6 hours foUowmg 
administration of material 


mg 

cu mm 

CU mm 

3 -T 

10 

18,850 

30,150 

J-T 

14 5 

19,000 

46,1x5 

8 -D 

M 

11,000 

2-7,175 

5 -T 1 

13 5 

16,975 

X 4 ,o 5 o 

6 -T 

M 

000 

ZXy 150 

8 -T 

5 

1 16,950 

2-7,300 

8 -T 

17 

18,700 

XOjIOO 

9 -T 

i 10 

i 16,000 

2-5,700 

lo-T 

xo 

00 

8 

16,850 

ii-T 

i 

14,700 

2-4,450 

Average 

16,097 

2-6,415* 


Percentage increase in leukocyte level = 64 z% 


Flo 



Ttme Hours af-ier Adminisiraiion 
of Supernatant Fluid 


Effect of Superkatant Fraction from an Old Sample or LPF os the Leukocite Le\ el 
Dog 5-T Supernatant from 10 milligrams of 3 months old LPF cmploi cd 


In view of this observation, it became of interest to determine \\hether a pro- 
tcoh tic enz) me would inactivate the Icukoc} tosis-promoting factor w hen fresh! \ 
rccotcred as a soluble pseudoglobuhn from exudates The LPF was extracted from 
tvudates of dogs, as described abo\e Various quantities of the factor in the fluid 
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State were treated with crystalline trypsin in amounts varying from a mere pinch qf 
the enzyme to z milligrams The length of incubation with the LPF was also van- 
able, lasting from about one hour to over twelve hours The treated LPF failed to 
be inactivated by tryptic digestion The observations are assembled in table i It 
IS quite clear that the addition of trypsin has failed to inactivate the factor Follow- 
ing such digestion the injection of the treated material still caused a rise of iii 5 
per cent in the number of circulating leukocytes (table z} The course of an experi- 
ment IS graphically shown in figure z Trypsin is known to hydrolyze complex 
proteins, and also the products of peptic digestion to the peptide stage ® 


Table z — Ef^ea of Tryptic Digestion on the Activity of the Leukocytosis-Promoting Factor 


Dog No 

Material injected 

Basal no of 
white blood cells 

Maximum no of 
white blood cells 
withm 2 -d hours 

1 foUowmg iniection 
of treated LPF with 
earyme 

ii-T 

13 cc LPF -f pinch crystalline trypsin 

cu mm 

iXj 100 

cu mm 

x4,6oo 

ix-T 

18 cc LPF incubated overnight with trypsin 

i 

7 ,xx 5 

11,300 

16-T 

xo cc LPF incubated with trypsin x hours 

12-12.75 

2-5 1 900 

9 -T 

18 cc LPF incubated with trypsin i hours 

IO,XOO 

30,900 

17-T 

17 cc LPF incubated x hours with 1 mgm trypsin 

6,300 

8,950 

lo-T 

10 cc LPF incubated i hour and 5 minutes with i 
mgm crystalline trypsin 

10,900 

x 4 ,ioo 

9 -T 

10 cc LPF incubated 1 hour and 15 minutes with ap- 
proximately I mgm crystalhne trypsin 

10,750 

2 - 1 , 75 ° 

Average 

51964 

ri, 07 i* 


* Percentage increase in leukocyte level = iii 5% 


On the basis of the foregoing evidence, it is conceivable that the leu 'oc}^ 
promoting factor is not a protein at all, and therefore it remains intact w 
jected to the influence of a proteolytic enzyme heated 

Yet when the newly obtained and active leukocytosis-promoting 
for 30-35 rmnutes at 100 C , the whole molecule appears to be denature 
LPF is likewise inactivated The results of these experiments are 
table 3 When the LPF is exposed to such temperature, the materia is 
inactivated The LPF now yields a rise of 6 per cent in the course 

leukocytes in contrast to its original activity of 104 per cent ^ta e 3 

of such an experiment is illustrated in figure 3 butncierchc- 

These obsersmtions simply indicate that the LPF is thermo 
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less that it may be merely associated with the pseudoglobulin molecule without 
being an actual part of it 



of LFP and Trypsin 

Fig 1 Thb Failure of Trtpsin to Inactivate the LPF 
Dog lo-T lo cc of LPF -|- i milligram of trypsin incubated for i hour and 5 minutes before administering 

to the animal 


Table 3 Effect of Heat (^at 100 C for 30-}S minutes^ on the Activity of the Leukocitosts-PromottngFactor 


Experiment No 

Amount of 
LPF used 

Basal white cell 
count in expenraent 
with unheated LPF 

Manmum white 
cell count 3-6 hours 
following adminis- 
tration of unheated 
LPF 

Basal Tvhite count 
in cTpenment with 
heated LPF 

1 

Maiimura white 
cell count 4-C hours 
following adminis 
tration of heated 
LPF 


mg 1 

cu mm 

CU mm 

cu mm 1 

CU mm 

I 

zo 

8, 500 

17-400 

9-375 

9,550 

z 

19 

9-42-5 

19-500 

7,350 

8,350 

3 

17 

20-575 

0 

H 

8,815 

8,400 

4 

^5 

11,800 

2.7,950 

9,42-5 

10 600 

5 

13 

11,000 

2.3,150 

1 

13,2-75 

14, 150 

Aieragc 

10, l6o 

2-0,930 

9,650 

10 ZIO 


Percentage increase in leukoci te let cl vnth unheated LPF = 104^^ 
Percentage increase in Icukoci te Ici cl vith heated LPF = 6*^ 


Such an interpretation is, however, not consistent with subsequent facts hen 
now the active supernatant or soluble fraction obtained from aged LPF is c\apo- 
nred to dr\ncss on a steam bath, its actniti remains essentialh intact E\apo- 
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ration of the active supernatant material even over a steam bath fails to inacttvate 
the principle These experiments are collected together in table 4 When such 
brittle, dried material obtained by evaporation over a steam bath is heated for 
30-40 minutes at icxd C , the active principle fails to be inactivated (table 4) The 
active supernatant material when evaporated to dryness forms brittle flakes which 



Time Hours after Adminisiraiion 
of Activeand Inaciive LPT 
Fig 3 The Inactivation or the LPF by Heat 
Solid line indicates Dog 33-T xj milligrams of LPF administered Broken line indicates Dog 3 °"'^ 
X5 milligrams of LPF inactivated by heating at ioo°C for 35 minutes 


are insoluble in an aqueous medium Heating again to 100 C such insolu c 
material fails to decrease its potency Its injection in dogs induces a rise of iH 7 
per cent in the level of circulating leukocytes This observation definitely indicates 
that the LPF can be recovered from aged exudates as a highly therraostablc su ^ 
stance Experiments of this sort appear in figure 4 Such observations wou 
elude the interpretation that the leukocytosis-promoting factor is a thcrino a 
substance adsorbed to the pseudoglobulin molecule * 

* The insoluble brictle flakes obtained \% hen e\ apiorating the actn c supernatant to dn n- so 
bath arc biuret and ninh)drin positnc 


Table 4 — Effect of the Soluble Fraction Derived front Aged LPF When Evaporated to Dryness on Steam Bath 
and also When That Dried Fraction is Boded for } 0-4 0 Minutes 


Dog No 

1 

Amount of dried supernatant 
material derived from aged 
LPF injected into heart 

Basal white cell count 

Maximum white cell count 
followmg admmistration of 
either evaporated material 
derived from aged LPF or fol- 
lowing boding of such e\ apo- 
rated dried material 


f»g 

cu mm 

CU mm 

9 -T 


7,615 

17,500 

ii-T 


11,050 

14,100 

16-T 

10 

9,350 

10, 650 

i9-T 

1 

ZO 1 

11,950 

18,400 

Average 

10,144 

10, 188* 

9 -Tt 

xo 

13,500 

10,350 

11-Tt 

^3 

H 

H 

zz, 100 

39 -Tt 

z8 

! 14,750 

43,050 

Average 

13,2-75 

18, 50oJ 


Percentage increase in leukocyte level = 37 1% 
t The evaporated material to dryness hasin addmon been subjected to boiling for 30-40 minutes 
t Percentage increase in leukocyte level = 1147% 



Fig 4 The Acrmri or the E\ ^porated Superv^tavt Fraction or old LPF 
line indicates Dog ii-T Suspension of supernatant fraction from old ‘ample of LPF, csapvatrJ 
to dr\ ness and suspended as insoluble material Broken line indicate- Doc i i-T the in-oIuMe "jat"ial 
"as obtained b\ csaporatinc to drsness the -upernatant fraction of an old ‘ample ot LPF T 7 i - 1 a- 
then heated for 30 minute- at ico^C The procedure c—entialK failed to inactnate the '"a e' al 
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Polypeptides are known to be highly thermostable ® For this reason the ammo 
acid nitrogen before and after hydrolysis was determined on several samples of the 
active supernatant phase from an aged sample of LPF These observations are as 
yet preliminary, but the measurements from such samples indicate in each case a 
rise in the ammo acid mtrogen following acid hydrolysis The actual figures 
obtained on such samples before and after hydrolysis are listed m table 5 These 


Table 5 — The Amtno Nitrogen Content tn the Aatve Prtnctfle of the LPF before and after Hydrolysis 



Before hydrolysis 

After hydrolysis 


ms jee 

ms Ice. 

Colorimetric method (modified O Folin 

0 09 

0 1 

method^") 

0 15 

0 37 


1 0 16 ^ 

0 31 


1 1 

I 00 

Average 

0 155 

0 5x0 

Copper method (method of A A AJbanese 

0 009 

0 066 

and V Irhy^^) 

0 009 

0 053 


0 009 

0 095 


0 ol6 

0 106 

Average 

0 013 

0 080 


observations suggest very strongly that the active principle is a relatively simpk 
polypeptide 


Discussion 

The foregoing observations are consistent with the interpretation that the 
principle in exudates, which reasonably explains the mechamsm of leu ocj 
with inflammation, is a relatively simple polypeptide * l ho\c 

Besides the theoretic sigmficance of this fact there is a possibihty that t e 
observations may have practical application The camne leukocytosis p 
factor has been shown to be effective in human beings ® The active factor a 
ever, been shown not to be too stable with time A spontaneous dcnaturatio^^^^^^^^ 
whereby the material loses its imtial solubility The present 
that in spite of these changes the LPF is split off as a soluble an t 
component Its biologic activity remains undamaged In this long mter- 

that the leukocytosis-promoting factor of exudates can be preserve factor 

vals in spite of age These facts definitely suggest further practica use o 

Conclusions siiupk 

The leukoc)’'tosis-promoting factor of exudates appears to be a re a^^^^ 
polypeptide attached to the pscudoglobulin of exudates %vhen extr 

* The acuve pnnctplc is primanly nondiffusible from the acuve iCii 

of LPF This tvould tend to indicate that the factor is sotBev\bat larg 
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This has been found by a study of samples of leukocytosis-promoting factor 
which have become insoluble by aging Nevertheless, the active material has been 
found to be liberated as a water soluble component which is highly thermostable 
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THE PLACE OF THE SPLEEN IN THE ENDOCRINE SYSTEM 
By Audrey W Downs, M D 


F rom being considered as of no use to the organism the spleen has come to 
occupy a rather insecure position as a gland of internal secretion The purpose of 
this article is to try to show how this change has come about A wide variety of 
functions has been assigned to the spleen from time to time, most of them involving 
the life cycle of the blood corpuscles The spleen has been stated to manufacture red 
blood corpuscles and, on the other hand, it has been claimed that red corpuscles are 
destroyed in this organ In the same way the spleen has been regarded by some as a 
place where white blood corpuscles are produced and by others as a place where 
they are destroyed Evidence of an endocrine function of the spleen is still meagre 
and to some extent conflicting 

It IS necessary to touch briefly on the background The spleen was known to the 
ancients, the Greeks considering it as inessential to life Aristotle refers to it and 
Erasistratus states that it is useless It was regarded by the Greeks and Romans as 
detrimental to a runner and this idea persisted at least to the time of Shakespeare 
It IS frequently stated that the ancients removed the spleens of runners to increase 
their speed 

Splenectomy is said to have been performed in Europe in the sixteenth centuq^ 
Moymhan^ gives an account of the operation performed by Zaccarelh as written y 
an Italian physician, Leonardo Fioravanti, for the removal of the spleen from a 
woman 24 years old Apparently she made a prompt recovery and suffered no 1 
effects Moymhan points out that the suggestion has been made that the mass rc^ 
moved was an ovarian cyst At least two other removals of the spleen are state ^ 
have taken place during this century During the seventeenth century two sp^ 
nectormes are recorded, both of which seem to be reasonably well aut entjca^^^^ 
In both cases the reason for the operation was knife wound in the e t si e 
prolapse of the spleen , r 

The first experiments known to have been performed on animals in ^ jjj 

spleen, as described by Moymhan,^ were carried out by Malpighi in i S> ^ 

1676 and Zambeccari in 1680 Malpighi hgatured the splenic artery an j 

dog Subsequently the spleen underwent complete atrophy and the 
Both Clarke and Zambeccari performed splenectomies on dogs 

change was observed . j expen- 

In 1841 Bardeleben^ published the results of the first care of com- 
ments directed toward elucidation of the function of the spleen c re^^ of 

plete removal of the organ were briefly these a transitory decrease blood, 

red, and an increase in the number of white, corpuscles in t ^ appatent iH 

an increase of activity of the bone marrow and lymphatic g an ^^.j^^carcuith 
effect on life These experiments are particularly noteworthy bccaus 

r ofAlbcrca Edmonton, Alb-ft*’ 
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which they were planned, the thoroughness with which they were carried out and 
the conclusions drawn 

It was at this time that general consideration began to be given to removal of the 
spleen as a therapeutic measure The results of Bardeleben’s experiments gave sup- 
port to the belief that the spleen was not necessary and splenectomy came to be 
employed more and more Collier' recounts cases of splenectomy reported to 
i88x Of these, 13 were for wandering spleen, enlargement (described as “simple”) 
and hydatid cysts Eight of these were regarded as successful In the other 16 cases 
‘ leukocythemia” was present None recovered These results made it clear that 
splenectomy was neither a sound nor safe procedure for leukocythemia 

A relationship of the spleen to hematopoiesis was recognized as a result of 
Bardeleben’s experiments, which were confirmed by other investigators The un- 
successful outcome of extirpation of the spleen in leukocythemia led to a turning of 
attention to the anemias At the beginning of the twentieth century any syndrome 
of splenic enlargement and anemia was classified as a splenic anemia If the spleen 
were responsible for destruction of red blood corpuscles then it seemed to follow 
that a condition such as pernicious anemia should be benefited by removal of the 
organ Consequently, during the second decade of the century splenectomy was re- 
sorted to in a number of these cases The results were inconclusive 

During this time Whipple, Hooper and Robscheit had been doing fundamental 
work on the anemias Their report® on the influence of meat, liver and various ex- 
tractives on blood regeneration following simple anemia in dogs, produced by 
bleeding, is the foundation on which was developed our present knowledge of 
blood formation From this study came the use of liver in permcious anemia Minot 
and Murphy® found that feeding one-half pound of liver daily brought about im- 
provement in patients with permcious anemia It later became clear that the frac- 
tion of liver which was curative in pernicious anemia was not the one which was 
effective in the anemia of bled ammals 'These discoveries led to the abandonment of 
the surgical procedure of splenectomy as a mode of treatment of anemia 

With the rising interest in internal secretions the spleen was not neglected, 
though It did not receive as much or so wide-spread attention as some other endo- 
crine glands During this period among the most notable workers was the group 
headed by Pearce, with Musser and Krumbhaar and a large number of associates 
Among others on this continent who were interested in trying to establish some- 
thing definite as to the way in which the spleen functions were Leake, Holloway 
and Blackford, Eddy and Downs In Europe probably Danilewsky, Stradomsky and 
Mouzon were particularly interested in the physiology of the spleen 

Investigation of the part that the spleen plays in the formation and in the de- 
struction of blood cells has followed largely four lines Microscopic examination 
of the spleen, the counting of the cells in the blood going to and coming from the 
otgan, the results of splenectomy, and the effects of administration of splenic sub- 
tance or extract 

During a period of about fourteen years centering on the second decade of this 
century Pearce and his associates earned out many experiments intended to throw 
hght on the function of the spleen Dogs were the animals used In 1913 Musser and 
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Krumbhaar^ stated that after splenectomy anemia usually develops quickly and 
reaches its height in from three to six weeks, then the blood picture approaches the 
normal after about three to four months, with complete return to normal in five to 
ten months Accompanying this is marked leukocytosis, which reaches its height 
in twenty-four hours but persists to a slight degree for several months In 1911 
Karsncr and Pearce® had reported an increased resistance of red blood corpuscles 
after splenectomy This was confirmed the following year by Pearce and Feet® who 
stated further, that the increased resistance cannot be explained on the basis of an 
increase in reticulated cells in the circulating blood Practically all observers agree 
that after splenectomy the red blood corpuscles are less fragile than normally 
Pearce, Krumbhaar and Frazier^® had concluded that the transient anemia follow- 
ing splenectomy is due to the loss of some substance that stimulates the bone 
marrow with a lack of blood formation, rather than to increased blood destruction 
This conclusion was supported by the observation of themselves and others that it 
was relieved by the admimstration of splemc extract 
In r9xo Downs and Eddy^^ published results of the subcutaneous injection of 
single doses of splenic extract in rabbits on the number of red corpuscles m the 
circulating blood The immediate effect was a temporary decrease in the number 
It was thought that the decrease might be due to a direct hemolytic action of a 
splemc agent There was firequently a very transient increase in the number 0 
white corpuscles In 19x1 Eddy^^ enunciated the hypothesis that the spleen pro- 
duces an internal secretion This was based on the changes in the erythrocytes ter 
splenectomy, the modification of the blood picture m hyperplasia of the spleen, an 
the specific effects on the red blood corpuscles of injection of splemc extract 
Nothing was known of the chemical nature of the supposed hormone an it was 
difficult to formulate a consistent theory of its possible mode of action c sug^ 
gested that the chief function of the spleen is the removal from the circ ation 
disintegrated erythrocytes , that the splenic cells elaborate this material an t 
produce an internal secretion, that this internal secretion, possibly js 

tion by the liver, stimulates the erythrogemc function of the bone marrow 

used up in the manufacture of new corpuscles h r of red 

Danilewsky^® in 1895 was able to cause a marked increase in the , blood 
corpuscles in the circulating blood and also in the hemoglobin -^vas 

by a single intrapentoneal injection of an extract of the spleen Apparcn , 
the first to suggest that the spleen acts on the bone marrow In 19^ miction of 
had concluded that the immediate effect of the splenic agent was es 
erythrocytes The increase in production of red blood corpusc number of 
marrow, however, went beyond the usual response to a reduction m ^ jj^juming 
corpuscles in the circulating blood and he felt that this was exp aine 
the removal of a normal regulating action by a splenic hormone 

marrow ^mriracnts m w'hich 

In 19x2- and 19x3 Downs and Eddy‘® reported furthCT ^ j.jods of from 

splenic extract was administered subcutaneously to rabbits ai ^ ^ the 

four weeks to fifteen weeks These showed the appearance ° presence 01 

circulating blood in a proportion much greater than norm 
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nucleated red corpuscles m the circulation, and an increase in the resistance of the 
circulating red blood corpuscles These results agreed with those obtained pre- 
viously and appeared to confirm the theory of splenic action that had been proposed 

At this time Leake and Leake^^ demonstrated that both extract of spleen and ex- 
tract of red bone marrow are hematopoietic agents and that a combination of the 
two IS more powerful than either one alone In their opinion they act first by in- 
creasing the rate of production and second, by causing an extension of functioning 
red marrow Leake and Evans'® followed the treatment of various types of anemia 
in humans by the use of desiccated spleen and red bone marrow combined in equal 
quantities Improvement was obtained in grave secondary anemias, both active and 
chronic, in dietary anemias of infants and in menorrhagic anemias 

The development of the concept of the spleen as a gland of internal secretion has 
taken place gradually during the past quarter century During later years it has 
been based almost entirely on pathologic and clinical observations In 1916 Kaznel- 
son'® showed that removal of the spleen was followed by a rise in the platelet 
count and clinical improvement in some cases of thrombocytopemc purpura He 
concluded that the spleen had been exerting an excessive cytolytic action on plate- 
lets Whether Kaznelson's conclusion was sound or not his recommendation that 
splenectomy be performed in cases of thrombocytopemc purpura was followed by 
* the report of excellent results in 16 cases Troland and Lee®' in 1938 described a 
substance obtained from spleens that had been removed from patients suJSering 
firom thrombocytopenic purpura which caused a reduction in the platelet count 
when injected into animals Wiseman and Doan®® in 194^ described a condition that 
they ascribed to hyperactivity of the spleen The spleen was enlarged and the white 
blood corpuscle count low They named it primary splenic neutropema Splenec- 
tomy was followed by an increase in the leukocyte count and improvement in the 
condition of the patient They believe excessive activity of a splemc hormone to be 
the cause, without being able to determine what has led to this disturbance of 
splemc processes In 1946, Doan and Wright®® described primary splenic panhema- 
topcma, in which there is a reduction of all formed elements of the blood, red cor- 
puscles, white corpuscles and platelets In these cases also splenectomy caused 
marked improvement 

This study of the spleen is not unmindful of the useful purpose served by the 
spleen as a reservoir of quickly available red blood corpuscles with their hemo- 
globin Nor does it overlook the phagocytic activity of the gland It is, however, 
concerned with a different problem Moreover, it has been pointed out that the 
phagocytic action and the production of one or more agents affecting the red blood 
corpuscles in active circulation and the bone marrow may be closely related 

Conclusion 

An attempt has been made to trace the scientific study of the function of the 
spleen from the time of anaent Greece to the present Modern theory and experi- 
mentation have linked the organ with the formed elements of the blood Gradually 
3 theory of endocrine activity has been developed which relates the spleen to the 
corpuscle content of the circulating blood A normal blood picture is due, in part at 
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least, to a oormally functioning spleen There is then the possibihty of hyper- or 
hypoactivity and it seems reasonable to regard certain clinical entities as due either 
partly or wholly to disordered splenic activity Those conditions in which it seems 
to be fairly well established that removal of the spleen should be considered are 
thrombocytopenic purpura, splenic neutropenia and primary splemc panhemato- 
penia Cases so far reported suggest strongly that the prognosis is much improved 
by splenectomy What the later effect of absence of the spleen may be remains un- 
known A chmcal manifestation of hypoactivity of the spleen does not appear to 
have been recogmzed as yet 


Summary 

While the evidence for an endocrine function of the spleen is meagre and the 
exact nature of this action is not clear it does seem to be fairly well established that 
the spleen must be considered as an important part of the mechamsm whereby a 
normal corpuscle, and possibly platelet, content of the circulating blood is main- 
tained 

This regulation seems to be due to the production by the spleen of one or more 
hormones 

These hormones appear to affect the processes of the bone marrow and also may 
act upon the corpuscles in the circulating blood , 

The conception of hyperactivity of the spleen in the human being seems to 
firmly established but little is known of the chmcal appearance of its hypoactivity 
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A HEMATOPOIETIC PERIFOLLICULAR EISH^LOPE IN THE RAT 

SPLEEN 

Bj E B Krumbhaar, M D , Ph D 

I T IS well known that hematopoietic cells of various kinds occur normally in 
the spleen of rats and other rodents as well as of other animals In addition to 
these lymphocytes and reticulo-endothelial cells found in the Malpighian follicles 
and accompanying small arterioles, these cells may also be found in the pulp, 
together with erythrocytes and occasionally neutrophils, eosinophils, plasma cells, 
megakaryocytes, myelocytes, and nucleated erythrocytes Qaffe^) These cells are 
usually described as occurring diffusely or in small clumps It has apparently es- 
caped general notice, however, that surrounding the Malpighian follicle is an 
envelope of hematopoietic cells which is fairly well circumscribed, lacks sinuses, 
IS separated from the follicular cells by a shell or rind of connective tissue, and 
responds to hematopoietic stimuli differently than does the red pulp Under certain 
pathologic conditions, it may appear to be more voluminous than the follicle, 
which It surrounds To be sure, Jaffe speaks of a Folltkelhof or Aiissen^one from which 
the follicle is sharply separated, which WeidenreicM called a Fandzpne and Strasser^ 
a Foliikdaussenzone Strasser also noted absence of sinuses and a thin nnd 
Also, in a study of the toxicity of benzene in rats and other animals, Svirbely, 
Dunn and Von Oettingen® noted narrowing of the perifollicular collars of closely 
packed pale cells ” Dr R D Lillie, in whose laboratory this work was performed, 
writes that he conceives of this zone as possibly the pressure reducing mesh homol- 
ogous to the ellipsoids of dogs and cats Its conspicuousness is quite variable To me 
[R D L ] it has seemed to vary inversely with the blood content of the pulp and 
sinuses It is often the principal site of hemosiderin accumulation ’ ’ As will appear be- 
low, we too have found the area to vary greatly in size and content under different 
conditions and in general to have its size modified by the amount of blood in the red 
pulp However, under our conditions, at least, it seems to be rather an auxiliary 
hematopoietic tissue, depleted when exposed to hematopoietic poisons, and exu- 
berant during periods of active blood cell regeneration 

Present Study 

The preparations studied were mostly routine paraffin cut sections (6-8 micra in 
thickness) stained with hematoxylin and eosin Other stains, such as eosin-meth- 
ylene blue and azur i-eosin were also used Details of the records of the experiments 
tried, leukocyte and differential counts, and the weight and gross appearance of the 
spleen were of considerable help in evaluating the findings During the examination 
of the hematopoietic system of several hundred rodents, chiefly adult rats, during 
the course of a study of the pathologic effects of mustard gas and other hemato- 
poietic poisons. It soon became apparent that the spleen contained two rather 
distinct hematopoietic areas in addition to the lymphocyte-forming Malpighian 
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follicles These were (i) small foci scattered through the red pulp, (x) the pen- 
follicular areas already referred to The small foci were apparently composed of 
either myelocytic, erythrocytic, monocytic, or lymphocytic cells, or sometimes of 
mixtures In the case of the lymphocytes, they may have been about small vessels, 
which, as Jaffe notes, can be brought out with the perfused specimens, the cells of 
some of these foci have the same appearance as those in the envelopes about to be 
described As might be expected, these foci tended to disappear in the spleens de- 
pleted by poison, and to be large and widespread in recovery periods during active 



Fig I Normal rat s spleen Two Malpighian follicles (MF) with their central artencs 
rounded by the paler staining perifollicular envelope (PFE) The more open red pulp occupies 
the field (H-E, 150 X) 

regeneration However, as so often is the case with different units 
topoietic system in the present state of our knowledge, they at times s 

pected and unexplained responses distinguished 

In sections of normal rats spleens, the perifollicular areas are eas y 
in the stained specimen as collars of nucleated cells, paler and larger t an ^ 
lymphocytes of the Malpighian follicle The "collar, a term struc- 

two dimensional section but not for what is obviously a three from 

ture, varies in width from about 30 to as much as xoo micra t is s js 

the folhcle by a delicate but definite line of collagenous connectn 
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presumably a development from the follicular framework This narrow rind con- 
tains a young type of fibroblast and sparse collagen fibers The rind usually cannot 
be traced around the complete circumference In one instance (rat 1630), a capillary 
was enclosed in this band for about one quarter of the perimeter The cells of the 
penfollicular areas in normal spleens are mostly mononucleated, about the size of 
young lymphoblasts, the nuclei round and moderately full of chromatin, often with 
a deep staimng central dot, and with scanty pale-staining cytoplasm They show 



Fig 2. Same section, showing part of the larger follicle and its collar Note the curved rows of adult 
lymphocytes near the margin, separated by delicate connective tissue (which docs not show in the 
photograph) The more homogeneous nature of the collar than of the red pulp is obvious (H’E, 310 X) 


no gradation to the fibroblasts of the thin rind, nor do they resemble them in 
appearance 

They do not appear to be monocytes, as they have scanty cytoplasm that is not 
granular and never contains ingested material The nuclei are never indented and 
show no characteristic nucleoli 

These cells were further investigated by making imprints of the freshly bisected 
surface of some 30 normal rats’ spleens and comparing the stained imprint (May- 
Grunwald-Giemsa) with stained sections from the other side of the bisection 
Successive imprints, a dozen or more per spleen, reproduced the same appearance 
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With surprising similarity, given a marked, if superficial, resemblance to serial 
sections Though the blood cells did not stain as well by this method as they do in 
good blood smears, the cells in question were easily identified They were thought 
to be young lymphocytes by several colleagues as well as by myself Compared to 
the small dark-staining nuclei of adult lymphocytes and normoblasts, m the im- 
prints their nuclei were 50 per cent larger, paler, with coarse chromatin clumps and 
a tendency to condense around the nuclear membrane The cytoplasm was mostly 
very scanty, where more abundant, it stained a very pale blue without granules or 



Fig 3 Greatly depleted spleen of rat dying seventeen days after nitrogen mustard gas po 

Both the follicle and collar have lost many cells, with a number of polys, immature red cc s an 
present Note the fibrocytes separating folhcle and collar (H-E, 135 X) 

vacuoles Oxidase granules (benzidine stain) could not be demonstrated 1 
cytoplasm such as appeared in the neutrophils . 

The possibility that these cells are immature monocytes or myeloi ce 
be ruled out until studies can be made under living conditions, as in 
and such items as their mode of growth and locomotion observe jp^rscl) 
larger round, heavily stained nuclei (immature cells) are found, an mo 
and not constantly, normoblasts and adult erythrocytes, j^l^cn to 

neutrophils and eosinophils, also large, pale vesiculated nuclei t ^ ^lic 
be adult reticulo-endothehal cells No megakaryocytes have ever 
collar, and no sinuses The outer margin of the zone anncarancc oi 

into the red pulp, the transition being chiefly determine } 
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sinuses and more stroma and by the much greater number of erythrocytes Sections 
that cut through the edge of a follicle may show a broader perifollicular than 
follicular area, or even none of the adult lymphocytes of the true follicle at all 
In the spleens depleted by various poisons of the lymphocytic and granulocytic 
cell series, the perifollicular collar may be represented by an almost empty circular 
band (except for an extremely scanty stroma) bounded on its two margins by a still 
recogmzable follicular rind and the denser stroma of the red pulp If the damaged 
spleen is congested, the empty collar stands out in bold contrast 



Flo 4 Spleen of rat 6-1-3, killed while recovering from a non-lcthal dose gn cn three weeks earlier 
Note the extremely wide collar of a follicle that is relatively small The rectangle indicates the field of 
the next figure with an approximation of the width of some collars indicated CH-E, 150 X) 


In spleens of rats killed three weeks to three months after the experiments, the 
Collars usually but not always appear larger and paler than normal with larger cells 
snd occasional mitoses present More hematopoietic cells of several kinds, except 
the megakaryocyte, are found interspersed and sometimes in concentrated foci that 
suggest local production As the collars contain only few erythroc) tes, the more 
the red pulp is congested, the more conspicuous the relativel) pale, reddish purple. 
Collars appear between the dark blue of the follicle and the red of the erj-throci tes 
In rare instances, however, hcmatocytic regeneration in the pulp foci mai be so 
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extensive that more erythrocytes are found diffused through the collars together 
with their usual cells than in the pulp, which is hardly recognizable as splenic 
tissue 

Turmng to other rodents — ^in the mouse spleen, the collar is less developed, 
nucleated cells are much more frequent throughout the pulp and the transition from 
follicle more gradual The “collar” therefore is almost indistmgmshable, though 
occasional suggestions of a connective tissue rind may be seen, beyond which the 
lymphocytes are more condensed than farther out in the pulp Here, too, the numer- 
ous megakaryocytes in the pulp aid in the differentiation 



Fio 5 Same section (800 X) The beginning of the red pulp area is hard to distinguish, tho g 
megakaryocyte (^mega), sinuses Cs), and RBC (to the right) surelj in the red pulp (H ) 


In the rabbit, the picture is more like that of the rat, except that pa e cen^ 
(reticulo-endothelial cells’) may often be found in the topographic center ^ 
follicle, they are rare in the rat The rind of connective tissue is usua T a'ten- 
hmits of the follicle being indicated both by this pink staining strip 
dency for the sectioned tissue to separate at this place The cell popu atm 
collar varies as in the rat, with a fair number of nonlymphocytic cc s t a 

to be found inside the rind , and 

In the gmnea pig, which may have pale centers in the folhc es, 
collar are scanty and ill-defined, indeed, even their existence in p ,t 

ful, though Jaffe says the collar is easy to find if j^at of the rat 

has the same difference in cell population from the follicle as constant 

In a few normal hamsters, the perifollicular tissue is also foun 
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and rich than in rats Few if any myeloid cells are seen, ripe or unripe, and very few 
normoblasts and erythrocytes The rind varies much in size, not being found at all 
in small follicles 


SuMMAUT ANE> CONCLUSIONS 

About the Malpighian follicles of several species of rodents, and especially 
prominent in rats, is a perifollicular envelope composed of hematopoietic cells that 
takes active part in hemolytopoietic changes 

The identity of the mononuclear cell comprising the greater part of this tissue 
has not been positively determined, it is probably a young lymphocyte It is pos- 
sibly the homologue of the pale centers of the Malpighian follicles in man and other 
mammals, though it has been found in rabbit spleens which also have pale centers 
It should be possible to deterimne this identity by the use of a greater variety of 
stains, and of test poisons, and, if possible, of dynamic methods such as tissue cul- 
ture and moving pictures 

The envelope is separated from the Malpighian follicle by a thin rind of collag- 
enous connective tissue, but on its outer margin it merges gradually with the red 
pulp It often contains a scattering of erythrocytes, normoblasts, polymorphonu- 
clear neutrophils, and rarely eosinophils and pigment-bearing macrophages Some 
of these cells were so greatly increased under the pathologic conditions first studied 
that colonization was suggested, they were later thought to have probably wan- 
dered in The collar never contains megakaryocytes or sinuses or blood vessels of 
any noteworthy size 
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Case Report 


MONOCYTIC LEUKEMIA 

By Carl J Gessler, M D 

T he publication of detailed case reports may often be of value A case of mono- 
cytic leukemia is reported here in detail, in the hope that it may throw some 
light on our knowledge of this condition 

Report or Case 

The patient was a 36 year old, married tvhite woman, who lived in Brussels When first seen on August 
8 , 1946, her chief complaint was that of progressive weakness of several months duration The most 
interesting feature of the past history W'as a senes of skin symptoms In Januar) , 19481 itching ct) 
thema appeared on the inner aspect of both thighs, and, one month later, the forearms and neck became 
similarly affected These manifestations disappeared about the middle of March The patient stated 
that for about eight days at the beginning of July she had had some kind of eczema on the neck A few 
days later, on July 18, numerous brownish-red, slightly itching papules had appeared on the trunk, an 
had persisted for about a week , 

The patient was very pale, and her face was swollen The spleen was not palpable, no lynip 
were felt, the liver was tender and felt a cm below the costal margin in the mid-claticular line ^ 
laboratory examinations revealed the following Hemoglobin a8 per cent = 4 37 per 100 cc , 
blood cell count, laa million per cu mm , color index o 6, total white blood cell count 
mm Examination of the stained smear (May-Gtunwald, Giemsa) revealed the presence 0 nu 
large cells with irregular nuclei The differential count (based on 400 white cells) w as as follow s 
2.0 a5% neutrophils (9 z^% of them staff cells) 
o % eosinophil 
o % basophil 
11 75% lymphocytes 

56 % monocytic cells of abnormal morphology leukemic cells 

9 5 % paramyeloblasts ^ ^ 

05% neutrophil metamyelocytes 
I % neutrophil myelocytes 

3 normoblasts were found per 400 leukocytes lioweier, snuH 

Aspiration of the bone marrow by sternal puncture proved unusually difficult, specimen was 

lumps of whitish material were obtained, practically free from blood The smear o or 

almost entirely made up of leukemic cells, which could be classified as 
promyelocytoid paramyeloblasts Naf one cell was seen tn the sternal puncture preparation 

with the monocytic type 0} cells found tn the blood , clcccnoratcd rapidb 

The patient was seen again three weeks later and at that time her condiuon a jj,;. mouth 

Considerable edema of the face, extreme weakness and extensive ulccro-nccrotic c ,n diameter, 

were noticed The temperature w^as 39 C (loxi-F) A few brown macules, hal between the 

remained from an extensive eruption of red spots which had appeared following Hemo" 

two examinations The blood pressure was 1x0-40 Blood examination show t^^ IcukoC'tr^ 
globin II per cent = i yz Gm per 100 cc , red blood cells i 04 million per cu 
184,600 per cu mm The differential count was as follows 
3 Z5% neutrophils (_i staff cell) 
o % eosinophil 
o % basophil 
4 i5% 1) mphoc) tes 

77 5 % monoct tic cells of abnormal morpholog) 9X leukemic ceii 
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14 5 % paramyeloblasts 
05% plasmacyte 

1 normoblasts were found per 400 leukocytes 
The pauent died on August 31 


Discussion 

The ulcero-necrotic lesions of the mouth were perhaps particularly significant 
Forkner^ stated that such lesions are more constant and extensive in monocytic 
leukemia than in other varieties of leukemia The cutaneous manifestations are 
also worthy of note Some of them were atypical and probably allergic in origin. 



Fig I Blood Smbar 


while Others, consisting of brown or red maculo-papulae, were more or less char- 
acteristic of the reticulo-endothclioses 

There seems to be no possible doubt as to the diagnosis of leukemia However, 
opinions could differ as to the exact classification A diagnosis of monocytic leu- 
kemia was substantiated by the high percentage of abnormal monocytic cells in 
the circulating blood These cells are extremely polymorphous and can be divided 
into two mam groups, although such divisions are always somewhat arbitrary 
(i) The majority were large cells containing irregular nuclei without nucleoli, the 
pale blue protoplasm being entirely filled with a great number of very small 
azurophil granules, which arc characteristic of the monocyte (i) Other cells, very 
similar to the previous ones, had )Ounger nuclei, containing nucleoli, and the 
fine azurophil granulation occupied only part of the protoplasm, sometimes being 
confined to the perinuclear zone It is on the basis of these criteria that Osgood- 
distinguishes monocctes and promonoc)tes In the first differential count, in a 
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total of 56 monocytic cells, 50 belong to the first group and 6 to the second, in the 
second differential count, on a total of 77 5 monocytic cells, 46 5 belong to the 







Fig 3 Blood Smear 

flip more imniatu''^ 

first group and 31 to the second, which shows an increase 

cells j j,^^»nanc> bcnsccn the 

However, as mentioned before, there was a marke P 
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blood smear and the marrow smear Considering only the marrow smears one would 
have no hesitation in making a diagnosis of myeloid leukemia The case could then 
be interpreted in two different ways (i) If one believes that the monocytic cells 
of the blood are derived from the leukemic cells in the marrow, the case could be 



Fig 5 Monocytic Ceu. xytth Pseudopode 
O'Jotc granules extending within the pseudopode) 


termed -parawydoblasttc leuktmta Ql) When one assumes the monocytic cells of the 
blood are not derived from the leukemic cells in the marrow, but express a reaction 
of the reticulo-endothelial system elsewhere in a patient with mjeloid leukemia 
'vhich Oberling^ has called reticuloses associees ” Oberling has gnen instances 
of this association 
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In our opinion, it would be an overextension of the concept of the paramyclo 
blast” to consider, as such, the monocytic cells in the peripheral blood of our case 



Fig 6 Maiuiow Smear 



Fig 7 Marrow Smear 


1 to th^ri 

.he other hand. the.r .crphclogy 

ply as a result of a simple reaction of the strong 

tek of monoc, tes tn the bone tnarrow, tt was felt 
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deace for a diagnosis of monocytic leukemia, which, can be defined further, ac- 
cording to the currently prevailing classification, as belonging to the Naegeli type 
(characterized by leukemic proliferation in the bone marrow) as opposed to the 
Schilling type (or leukemic reticulosis) characterized by proliferation of the 
reticulo endothelial system elsewhere than in the bone marrow 

Author s note 

It IS intcresung that the patient s brother died m I5I4^ at about the same age (35) of a mcdiasunal 
tumor Unfortunately, no answer was received to our inquiries concerning the nature of this tumor, which 
might well have been a localized growth of reticulum cells 
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NUCLEAR STRUCTURE VERSUS NUCLEAR PATTERN* 

Bj Oliver P Jones, Ph D 
Introduction 

I N A RECENT study of primitive erythroblasts,^ it was shown that cytoplasmic 
areas originally interpreted as hyaloplasm by hematologists actually represent 
negative images of underlying cell organoids — mitochondria and Golgi elements 
This finding immediately unfolded many interesting problems concerning erytho- 
blasts in general, especially since it was shown that cell organoids may be pre- 
served in good dry smears How long do mitochondria retain their vitamin A 
content? Do the more mature erythroblasts contain mitochondria which have lost 
their affinity for acid fuchsin and supravital dyes? How long do mitochondria 
persist in non-nucleated corpuscles of the primitive and defimtive generations?^ ® 
What happens to the chromophilic and chromophobic portions of the Golgi cle- 
ment as primitive erythroblasts mature?^ Do these elements contain vitamin C?® 
How do these organoids respond under the influence of antipernicious anemia sub- 
stances^ 

In order to investigate some of these problems various preparations were made 
from the 15 day rat embryonic liver A study of lymphoid cells (1 e , any cell with 
basophilic, nongranular cytoplasm, regardless of its nuclear detail) by means of 
phase microscopy revealed the presence of more cell organoids, particularly mito- 
chondria, in definitive erythroblasts than had been observed in primitive erythro- 
blasts Furthermore, most of these organoids were contained in the thin layers of 
cytoplasm above and below nuclei as seen in dry smears Although it had been 
observed previously that some sudanophilic material may be distributed in these 
regions in primitive erythroblasts from ii day rat embryos,' the significance of this 
finding was not appreciated fully until rat and human fetal liver material were 
studied Since the implications derived from these observations might markedl) 
alter present day concepts in practical and theoretic morphologic hematolog^ it 
was deemed necessary to forego the other problems and to undertake the present 
one dealing with nuclei as seen in dry smears 

Material and Methods 

Most of the material used for the present investigation was obtained from 136 
li\crs of 15 da\ rat embr\ os from 13 pregnant Wistar rats, blood from 1 1 and 13 da\ 

From the Department i)f ^natonn , b'l.hool of Mcdianc, Uni\cr<^it% of Buffalo Buffalo N \ 

'Prevented in part before the So.ictv for Expcnircntal Bioloto and N cdicirc Unncrvitv of Bjfalo 
'^'a\ 3, Interdepartmental Seminar Uni\crMt\ of Rochcvtcr School of Mcdicire and Dentivt'\ , 

Ma\ and the \mcrn.an Awociation of \natomivtv bni\crvit\ of i' n in \p'il iv,s 

96- 
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embryonic rat yolk sacs, and lymph nodes from adult rats Human material was 
obtained from the livers of 4 fetuses ranging 3 to 4^ months old * Dry smears of 
embryonic livers and lymph nodes from adult rats were made by touching their cut 
surfaces to a cover slip, smearing them slightly and then drying rapidly Some of 
these were stained with the May-Grunwald-Giemsa combination of Pappenheim, 
using buffered distilled water for dilution Others were mounted, unstained, in a 
drop of 10 per cent formalin (4 per cent formaldehyde), and ringed with vaseline 
for study by phase microscopy ^ Some of these preparations have remained in good 
condition for il-i 4 months Moist smears following Zenker-formol fixation were 
mounted unstained in glychrogel for study by phase microscopy In order to study 
both sides of stained blood cells, small square cover slip preparations were mounted 
in clarite on 14 X 60 mm cover slips Supravital preparations were made by im- 
mersing the yolk sacs and embryonic livers in saline solutions of neutral red 
(i 10,000), dahlia violet (i xo,ooo) and janus green (^i 20,000 and i 40,000) The 
first two were also used in combination according to Baker ^ After the material 
had been in these solutions for fifteen to twenty minutes at room temperature, it 
was swished in a drop of the same solution on a clean slide in order to free some 
blood cells, cover slipped and sealed with vaseline Small pieces of yolk sac were 
also flattened and mounted Permanent mitochondrial preparations were made m 
a manner slightly different from that reported previously Dry smears were fixed in 
a formol-Muller’s fluid (i 9) for two to three hours, washed briefly m distille 
water and placed in i per cent osmic acid for one-half to one hour in the dark They 
were washed and stained with aniline acid fuchsin as described before ’ The is 
tribution and localization of lipoid material was studied with the aid of u an 
black ^ The presence of vitamin A was detected by using the Carr-Price reagent 
Phase microscopy has been a great aid in studying the cytoplasm of unstainc 
cells,^ ® as well as in making optical sections through nuclei Four i t^c 
plates were used as follows o zA-f-o Z5X for a preliminary survey of 
o 15A— o L5X for detailed examinations and camera lucida work, i oB o t) 
conjunction with supravital preparations, and 2. 5B— o 33X alone or in con) 
with Sudan black preparations The first diffraction plate produced brig t co ^ 
whereas the last three produced dark contrast ^ ® A Spencer research micr^ 
equipped with apochromatic objectives and 15 X compensating oculars va 


Observations 


A Blood Frow zy Day Raf Embryos 


Although this paper deals chiefly with observations made on jtuJies 

embryonic liver, it seems advisable to report results of certain pre pipetting 

on blood from the 15 day rat embryo This material was obtainc i 

blood from the heart or vitelline vessels nucIeatcJ 

I May-Griimvald~Giemsa Preparattoas Over two thirds of the ce s i juries or 
and about 85 per cent of these belonged co the primitive er>T ^ 
pre-hepatic generation The cytoplasm usually stained polyc to 

♦KindU foratched b\ the Department of Obstetrics and G\ necolo^ , Buffalo Gc 
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contained some juxtanuclear light areas not unlike these referred to as the area of 
the cytocentrum The nuclei were in various stages of pyknosis 

X Fomol-Sudan Black Prefaratmis The most constant finding was a juxtanuclear 
clump of sudanophilic material This appeared as a cluster of vacuoles (sudano- 
phobic) in contact with solid sudanophilic spheres, or surrounded by sudanophilic 
rings or crescents The majority of these clusters seemed to behave as a unit al- 
though a few were scattered throughout the cytoplasm Some faintly grayish fila- 
ments and small spheres or granules were also present In nearly every instance the 
pyknotic nuclei had a remnant of what appeared to be a nucleolus It was a very 
rare occurrence to find sudanophilic material trapped between the nucleus and the 
cover slip, or beneath it 

3 Phase Microscopy Unstained dry smears of yolk-sac and heart blood mounted 

in 10 per cent formalin were examined with dark contrast phase microscopy lenses 
( 3.nd z 5B--IX) There was a remarkable degree of correlation between the 

morphology and distribution of dark structures as seen with phase microscopy and 
those seen in Sudan black preparations The main difference was that the sudano- 
philic structures varied in color from faint gray to blue black, whereas the dark 
contrast structures appeared uniformly black At no time did sudanophobic struc- 
tures appear dark with phase microscopy Pyknotic nuclei showed much more 
structure with phase microscopy than they did in May-Grunwald-Giemsa prepa- 
rations Nearly every nucleus contained one or more bodies which appeared to be 
the remnants of nucleoli The large, non-nucleated primitive erythrocyte — not 
unlike some definitive erythrocytes^ ® — frequently contained qmte a few organoids 

4 Supravital Studies Mitochondria in cells freed from yolk sacs of 15 day rat 
embryos did not stain as intensely as they did in cells from ii day rat embryos,^ 
and very often they appeared more finely divided Although some filaments were 
faintly green, the color was uniform throughout their entire length In neutral 
red-dahlia preparations, the neutral red was usually limited to a juxtanuclear 
cluster of vacuoles Sometimes one or more of these vacuoles would also be found 
elsewhere in the cytoplasm In successful preparations the dahlia would stain rings, 
crescents and spheres associated with the neutral red vacuoles When pressure was 
applied to the cover slip, the cells moved about in a rolling fashion In such cases 
the juxtanuclear clump of neutral red vacuoles behaved as a unit, maintaining their 
relative position within the cell and with respect to each other 

5 Comment It was reported previously that freshly dried films of primitnc 
crythroblasts from ii day rat embrj'^os preserved cytoplasmic detail to an extra- 
ordinary degree ' Preliminary studies indicate that the same also obtains for blood 
from the 15 day rat embryo Structures in dry smears which appear as sudanophobic 
vacuoles, or as light vacuoles with dark contrast phase microscopv ha\ c the abilin , 
m supravital preparations, to segregate a basic d\e like neutral red Some of these 
'acuoles maj be surrounded with a sudanophilic ring or crescent vhich occasion- 
■'Ih stains with dahlia in supravital preparations 

This staining in the nucleated primitne cn throblast with neutral red dilffri 
from that originalh studied in the cr\ throca te b\ Israel and Pappenhcim' and more 
rceenth b^ Ralph in that these \ acuoles were not newU formed hut p'cfo'mcd 
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structures deinonstrable in the unstained dry fixed smear mounted in lo per cent 
formalin and the living condition with phase microscopy Dustin'® has reported 
similar findings in erythrocytes of Rana and Axolotl, and he has identified these 
vacuolar structures with the Golgi element Since preliminary studies on 15 dap 
rat primitive erythroblast show that preformed vacuoles are surrounded by argen- 
tophilic as well as sudanophilic material, it seems that the mammalian primitive 
erythroblast has a Golgi element similar to that described for erythrocytes of lower 
vertebrates n 12 g^ch a Golgi element or apparatus is certainly not an artifact 
produced by over osmification as claimed by Ralph® for erythrocytes of the lower 
vertebrates 

Newly formed neutral red vacuoles not associated with these juxtanuclcar 
structures were present sometimes Dustin'® has shown that these vacuoles appear 
when nucieoprotein is present Apparently when neutral red acts on the cytoplasm 
of cells containing basophihc substances in a diffuse state, the nucleoproteins 
become partly separated in a newly formed liquid phase and are segregated along 
with the dye in vacuoles This will be considered again in section B z 


B Smears of // Day Rat Embryontc Lever 

I Phase M-fcroscopy Until the present, all previous observations had been made 
on primitive erythroblasts In order to determine whether or not the same condi- 
tions obtained for definitive erythroblasts fthe second or normoblastic generation 
of red cells), unstained dry smears of embryonic livers mounted in 10 per cent for- 
malin (^4 per cent formaldehyde) were examined A cursory examination of this 
material with a brightfield microscope revealed cells laden with numerous 
Olds, which were trapped between the nucleus and cover slip Figure la shows t 
best detail which could be brought out by reducing the condenser 
aperture to N A o 45 When this same cell was examined with bright an^ 
contrast phase microscopy, it was possible to bring out the finer details 0 t cs^ 
organoids This method showed that ring forms (like minute 
filaments over the nucleus (1 c , between the nucleus and cover slip) ha 
morphology as organoids in the cytoplasm As shown in figure i, b an 
the filaments extend from the cytoplasm beyond the nuclear 

tinue over the nuclear area By careful focusing it was also possible to e 

that some ring forms had been trapped between the nucleus and cover ° means 
nucleolar area It was also noteworthy that optical sections of nuc ^enUr- 
of phase microscopy appeared more like those seen in tissue sections a ^ 
formol fixation than they did those in dry fixed smears after methy a ^,^^5 one of 

Similar observations were made on many cells in several pri^ara 
which IS illustrated in figure i, d, e, and f This, like the one ^ (transioon 
to those illustrated by Maximow'® as large Ijmphocytes an |^,j.5chbauni anJ 
of a mesenchyme cell to pronormoblast) in the artic e \ 

Downey Such a cell is very interesting because all of t c mga ^ ^^^ershp) 
layer of cytoplasm over the nudeus (i e between the ocher m a depr^' 

cither ring or elliptical forms ranged in a column o^Y^Yuclcar membrane, similar 
Sion between two nucleoli In the cytoplasm beyond the 
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forms are present but instead of being orientated on their edge or tilted, they are 
on their sides, giving the appearance of a circle or minute doughnut These organ- 
oids are at a lov'.mr cytoplasmic level than those over the nucleus, consequently they 
are out of focus In this cell, no filamentous forms are trapped between the nucleus 
and cover slip In quite a few instances the filamentous forms beyond the nuclear 
membrane had a dilated terminal area which appeared to be forming the elliptical 
and ring-form organoids Although this is beyond the scope of the present article, 
It would seem that the filaments are not increasing in length bv the addition of 



Fig I Photomicrographs of unstained definitive crythroblasts (normoblasts) from 15 day embryonic 
lit cr mounted in 10 per cent formalin Mitochondria arc shown in layer of cytoplasm between nucleus and 
cover slip Cells a and d, no phase, magnification 1835 diameters Cells b and c, bright contrast phase, 
magnification i8ao diameters Cells c and f, dark contrast phase, magnification i8io diameters All 
photomicrographs in figures i and i were furnished through the courtesj of the Research Division, Amer- 
ican Optical Company, Scientific Instrument Dnision, Buffalo, N Y 


material, but rather that they are becoming shorter by producing other forms 
vjranular and coccoid forms of organoids are also present 
The selection of 10 per cent formalin (4 per cent formaldehyde or Baker s formol 
ca’cium) as a fixing and mounting media was made on the basis that, after studying 
unstained cells by means of phase microscopy, they could be stained with Wright’s 
stain or Sudan black It is now known that the choice of this mounting media has 
the following additional advantages First, phase microscop) works best when 
there are small optical path differences between the specimen and the surrounding 
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media ^ Baker^® has also pointed out that greater use should be made of aqueou: 
media with a refractive index approximating that of water rather than ones in 
which the index is like that of glass Another advantage in using this mounting 
media is that the cells in dry smears imbibe fluid and swell somewhat This makes 
It possible to study more accurately optical sections through various cell layers 
above, through and beneath the nucleus 

Optical sections of numerous cells were made and studied with bright and dark 




Fig 1 Optical sectioning bt phase microscopy of unstained defimti'c optical section'^ 

from 15 da) embr)onic rat Iner mounted in 10 per cent formalin -Cells a, a fvlitochondna 
t\ith bright contrast phase abosc, through and beneath nucleus respeen iSio diamen^' 

bright Cells d, e, ard f shots a similar senes with dark contrast phase S 


pihase microscopy first through the thin layer of cytop asm e jgjcron the 

and the nucleus, then through the nucleus and finally t pt 

other side of the nucleus The cell m figure x is ^ ^ follo\\ing uncor- 

using a fine adjustment control scale, these three through rhe-" 

xected vertical sizes, respectively 3 , x and 4 microns p ,0 hr 

levels showed that drj^ smears of lymphoid ce Is ac > preserve 

sandwiched between two thin layers of ^^^P ,bo^ c the cell cenat 

organoids In figures xb and xe, the structures to the left 
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represent organoids out of focus which wcftc actually in the layer of cytoplasm 
beneath the nucleus 

A microscopist continually turns the fine adjustment control in order to bring 
as many structures into focus as possible and thereby gam perspective Conse- 
quently, such a view is not well illustrated by a single photomicrograph However, 
by making a camera lucida drawing it is possible to represent most of the structures 
found on either side of a given optical section In figure 3, all of the drawings repre- 
sent unstained cells as seen with dark contrast phase microscopy and correspond 
to some of the photomicrographs in figures i and x Drawings in figure 3, i-c, i-f 



Fig 3 Camera lucida drawings of definite erythroblssts (normoblasts) shown by dark contrast phase 
microscopy in figures i and a Most of the organoids arc mitochondria Original magnification 2-35® 
diameters, reduction about one-third 

and x-d show all of the organoids in the thm layer of cytoplasm between the flat- 
tened nucleus and the cover slip Dark contrast was so striking in these preparations 
that a casual observer might readily believe the preparations had been stained with 
either Sudan black or iron hematoxylin Note that structures in the cytoplasm arc 
in general similar to those situated over the nuclear area In figure 3, dra-wings x-c 
and x-f depict what is seen in optical sections through and beneath the nucleus 
It was surprising to find cell contour changed with various levels This three 
dimensional variation is not appreciated in dry smears fixed in methyl alcohol The 
important thing derived from these observ^ations was that distribution of organoids 
within the two thin layers of cytoplasm is neither uniform nor equal 
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However, there does seem to be a general rule governing the distribution of these 
organoids in lymphoid cells The cells in figure 4, A and B-i, represent two adjacent 



with contM*' 

Fio 4 Camera lucida drawings of definitive crythroblasts (normoblasts) a . jn 

phase microscopy in three optical sccuons Cells A and B‘ show distri ° different le'd* 

cytoplasm between cover slip and nucleus Cells B* and B’ show optica s Arranr 

gram lUustratcs cross secuon of erjthroblast suspended ^ ^ Universit' of ” 

ment and legends were made by M D Dicdrich, Director of Medical IHu 

1 sections 

cells in which the distribution of organoids in the in cell A iS 1'^ 

inversely In other words, the layer of cytoplasm abov of organoids 

the layer beneath the nucleus in cell B with respec 
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An impression was gained, however, that perhaps more lymphoid cells had the 
majority of their organoids in the cytoplasm beneath the nucleus than above in 
coverslip preparations Very likely the distribution of organoids depends upon such 
variables as degree of flattening, speed of the drying process and resultant thickness 
of the cytoplasmic layers In an optical section through the nucleus, figure 3, B-x, 
one IS again impressed by the appearance of the nucleolus In figure 3, B-3, the 
optical section shows that layer contains about as many organoids as the higher 
level in cell A The relative vertical sizes of these three levels were x 5, x o and 3 o 
microns respectively In other words, organoids are most numerous in the thicker 
layer of cytoplasm It is very likely that the reason why the majority of cells have 
fewer organoids in the layer between the nucleus and the cover shp was due to the 
labile condition of the cytoplasm at the time the imprint or smear was made Cyto- 
plasm displaced from this position would tend to carry organoids around the edge 
of the flattening nucleus and distribute them in the thicker layer 
X Su-pravttal Studies Although phase microscopy makes it possible to see struc- 
tures in unstained dr)’- smears, the problem of identifying them and learning some- 
thing of their nature remains Hence, various dyes were used for supravital studies 
The most successful of these was Janus green in dilutions of i xo,ooo and i 40,000 
Definitive erythroblasts (normoblasts) in these preparations were laden with green 
colored mitochondria corresponding in number, size, shape and distribution to 
most of the structures illustrated in figures 1-3 They were so numerous it seemed 
that little room remained for other organoids This was particularly true of pro- 
normoblasts and transitional cells between them and the mesenchyme Ring-forms 
appeared as rods, ellipses or circles depending upon their orientation The filaments 
were quite uniform The number of mitochondria above and beneath nuclei was 
most impressive So much so, that it is impossible to imagine how these cells could 
be smeared and dried without trapping many mitochondria in these locations 
Practically all of these observations were made on the youngest cells and only 
slight consideration was given to the mitochondria in later stages of erythroblastic 
development However, it was noted that the mitochondria tended to be more 
uniformly coccoid as maturation progressed After one half hour, most mito- 
chondria commenced to fade so that practically no green was visible by one hour 
after the preparation was made However, in one sealed preparation kept at room 
temperature, the mitochondria remained colored for six hours 
Dahlia violet and neutral red brought out very few structures in preparations 
standing less than one hour There was a slight indication that dahlia would tint 
some mitochondria When the concentration of dahlia was increased to i 10,000 
a few dark solid spheres and crescents did take the stain rather intensely These are 
probably portions of the Golgi element ■* Neutral red vacuoles did not appear in 
the definitive erythroblasts as readily as they did in the primitive ones After livers 
had been kept in the dye solution for one hour there was a sporadic and sluggish 
formation of neutral red vacuoles and granules The}" were more numerous and 
larger in preparations kept for five to six hours Domesco and Steopoe” reported 
a similar difficulty in staining fish er)"throcytes One particular advantage in using 
fetal livers for stud> ing er)"thropoiesis is that terminal developmental stages of 
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primitive erythroblasts are present in the circuJating Wood Hence, in either dry 
smears or supravital preparations it is possible to study early definitive erythro- 
blasts (pronormoblasts) as well as primitive ones in the later stages of their devel- 
opment The latter develop neutral red vacuoles fairly rapidly in preformed struc- 
tures before the former show any signs of reacting to the dye When neutral red 
does appear in young definitive erythroblasts it does not seem to involve preformed 
structures According to Dustin^® this difference in the reaction of erythroblasts to 
neutral red is due not only to the presence of preformed vacuoles but to the condi- 
tion of cytoplasmic nucleoproteins In young erythroblasts the basophilia is stable 
but in those with considerable hemoglobin the basophilia is labile For further 
consideration of this topic, see Dustin's discussion 

3 Sudan Black Preparattons In a previous study^ it was shown that there was a 
good correlation between the distribution of mitochondria and the presence of 


lipoid material Furthermore, pictures obtained with Sudan black in primitive 
erythroblasts of the i i-day rat embryo corresponded very well to those of unstained 
cells seen with dark contrast phase microscopy Hence, it was quite natural to 
expect that mitochondria in Sudan black preparations of erythroblasts in the 15 
day embryonic liver might look like the cells in figures 3 and 4 Unfortunately, this 
was not the case There was very little sudanophihc material in pronormobJasts of 
the second generation as compared with primitive erythroblasts from the ii day 
yolk sac Mitochondria appeared as very faint grey ring forms and filaments to 
spite of this. It was possible to show that these organoids were distributed in t c 
cytoplasm above and beneath the nucleus If, as Lison and Baker claim, ^ ^ Sn an 
black demonstrates the distribution of total lipoid, then mitochondria in these wo 
cell types differ markedly in this respect As to whether or not the exposure of t «e 
mitochondria to vapors of strong oxidizing reagents is necessary to saturate 
unsaturated lipids and change them from a nonstainablc to stainablc form as a P 


reported is not known at the present a 

4 Vttamtn A In a previous study^ it was shown that the presence o 

could be demonstrated in dry smears of embryonic blood and that it was 
in mitochondria Similar studies were carried out on smears of the eta 
Vitamin A was present in the definitive erythroblasts (normoblasts) an 1 
of the polychromatic primitive erythroblasts The reaction was fair y stro 
could be localized in the ring forms as well as Blaments theptc' 

5 Permanent Mttochrondrtal Preparations All of the evidence prcsentc^^i^ grythro- 
ceding sections indicates that most of the organoids in young e 

blasts (pronormoblasts) arc mitochondria Additional evidence o a 

nature was obtained in the aniline acid fuchsin preparations Fuc nucleus 

— ring forms and filaments — were in the cytoplasm as well as oi er 

For the most part they were smaller than those m supravita j.jgorous 

unstained smears mounted in formalin Very likely this was cause } 


fixation and subsequent heat treatment mitO' 

6 Separation of Mitochrondria from Fresh Erythroblasts Since 
chondria in young definmve erythroblasts the\ maintain 

crescent shaped, it would be interesting to determine whet c 



OLIVLR P JONES 


977 


their shape after being removed from erythroblasts Three preliminary experiments, 
patterned after the method used by Hoerr' ‘ for extracting mitochondria from adult 
guinea pig liver, have been carried out Six 15 day fetal livers were dissected free 
from surrounding tissues and ground in a small mortar at room temperature This 
material was then suspended in 3 cc of o 85 NaCl cooled to 0° C and centrifuged at 
500 r p m for one-half hour Both the supernatant and sediment were sampled and 
examined by dark contrast phase microscopy (o 15A— jX) The supernatant con- 
tained many organoids and the sediment contained some intact erythroblasts and 
organoids The supernatant was withdrawn and centrifuged at zioo r p m for one 
minute A sample showed ring forms were present in top layer The supernatant 
was withdrawn and centrifuged again at 3000 r p m for hfteen minutes The super- 
natant still contained a few ring forms but most of them were in the sediment The 
small packed mass was broken up in 5 drops of 10 per cent formalin Some of this 
was placed beneath a cover slip and sealed with vaseline for examination by dark 
contrast phase microscopy 

Since crythropoiesis is so conspicuous in the fetal liver and since ring form mito- 
chondria are numerous in erythroblasts, the chances are that the isolated mito- 
chondria came more from erythroblasts rather than hepatic epithelium It seems 
to me the important thing to be gained from this observation is that mitochondria 

ring forms in particular — behave as discrete structures and resist considerable 
mechanical force Unfortunately, however, filaments did not survive this process 
of isolation 

7 May-Grunwald-Gtemsa Preparations The observation that nuclei of various 
young definitive erythroblasts were sandwiched between two layers of cytoplasm 
containing many mitochondria quite naturally led to the question of what was 
then appearance in dry-fixed smears stained with standard hematologic dyes 
Since It was known that light areas in basophilic cytoplasm represent negative 
images of underlying mitochondria,^ it was felt that a somewhat similar picture 
might be obtained over the nuclear area Before describing these recent observa- 
tions, there are a few points which should be mentioned with respect to work pre- 
viously done on human fetal livers In both previous and present studies, the 
methods of preparing and staimng dry imprints of fetal liver were identical In 
1935, my attention was focused almost exclusively on the chromatin — its size, 
shape, distribution and staining affinity The same light areas which are about 
to be described and discussed were all considered as parachromatin — interchromatic 
nuclear spaces My most extensive description was as follows The parachromatin 
IS faintly acidophilic producing a light pink tinge However, in the case of pro- 
megaloblasts from pernicious anemia bone marrow the description was slightly 
more detailed It was that. There is quite a large amount of parachromatin 
which IS in the form of curved areas The small masses of chromatin which are 
separated by cuiv^ed areas of parachromatin are uniformly distributed throughout 
the nucleus 

An examination of the light areas in the basophilic cytoplasm shoved that there 
Was considerable variation in their size, shape and distribution This is illustrated 
in figure 5a, which represents a transitional stage bemeen the mesenchime and 
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pronormoblast In the ar^-a t 

-gB„ve o* ^.oZ/CZZTr 'i' -ow .here are 

and nng fornrs No forrrrs are ZZ.TtZ Z a Je” 

overe over the nuclear area This is als^tru 7*"^ 

also true for the ret.cular lymphncytc 




Rg 5 Piiotomicroeraphs of dffi 

May-Grunwaid-Gicmsa Ma fi GjormobJasts} as seen in dn smears stained \'itfi 

crythrobJast for coxnpanson^ diameters Unlabeled cell is a poJ} chromatophihc primitive 

embryonic rat li\er Arr others arc voung dcfinitne erytbroblascs (normoblasts) from 15 da\ 

c images of imroebondna — discussed in test 


Itm in th^f ru^ Downey^® jn their figure 9 The difficulty, houever, 

1 I contrast between the negative images and their surroundings tn 

ation IS not as great as it is in the basophilic cytoplasm that lies boonJ 
e nuc ear mem rane This unquestionably is one of the reasons whv bcmatolo- 
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gists have never or rarely doubted that all of the so-called parachromatic areas 
were entirely of nuclear origin The other reason, of course, is that hematologists 
did not know freshly dried blood smears preserve cytoplasmic detail to an extra- 
ordinary degree ^ 

If some of the so-called parachromatic areas are of cytoplasmic origin, then it 
should be possible to find cells with negative images of mitochondria straddling 
the nuclear membrane The cell in figure 5b is of interest because a filamentous light 
area extends from the cytoplasm beyond the flattened nucleus, across the nuclear 
membrane and continues over the nuclear area In this cell, ring forms were also 
trapped between the nucleoli and cover slip In figure 5c the arrow points to a cyto- 
plasmic area in a pronormoblast which contains quite a few ring and elliptical 
forms Similar forms, negative images, may be seen resting on the edge of the nuclear 
membrane while others are over the nuclear area If these light areas are described 
with respect to the chromatin, it may indeed by said that there is sharp demar- 
cation between them This is a characteristic which for many years has been claimed 
for young erythroblasts and other myeloid cells Figures 5d and 5e represent either 
late pronormoblasts or early basophilic normoblasts In figure 5d, opposite the 
pointer, there is a filamentous light area which extends from the cytoplasm that 
lies beyond the nuclear membrane and continues over the nuclear area In figure 
5e, a similar condition exists but instead of one there are three such areas Similar 
negative images, presumably of mitochondria, are shown in figure 10 of the 
article by Sundbcrg and Downey 

These observations indicate that not all of the so-called parachromatic areas in 
lymphoid cells studied thus far are of nuclear origin Many of these light areas — 
differing in size, shape and distribution — represent the negative images of mito- 
chondria which have been impressed into the nucleus by drying and fixation In 
other words, the nuclei of these cells have at least two entirely different substances 
which are light staining one the oxychromatin and the other negative images of 
organoids 

In a previous section (B i) it was shown that the distribution of organoids, mito- 
chondria for the most part, varied in the layers of cytoplasm on either side of nuc'ei 
of cells in dry smears mounted in 10 per cent formalin When dry smears are stained 
with one of the Romanowsky dyes, methyl alcohol fixation produces some shrink- 
age, and mitochondria above and below the nucleus are impressed into it Hence, 
in a critical morphologic examination, it might make a difference whether prepa- 
rations are on slides or cover slips In the former, a free and slightly convex surface 
IS examined first, whereas in the latter it is the flattened surface in contact with the 
glass which is examined first This might influence the appearance of optical sec- 
tions just beneath these levels In order to study both sides of these erythroblasts, 
small square cover slip preparations were mounted in clarite on larger 24 X 60 mm 
cover slips Negative images of mitochondria over the nuclear area were studied 
and sketched to show their distribution In some cells, which were transitions 
between mesenchyme and pronormoblasts, it was possible to show that the nuclear 
area had four distinct regions depending upon the shape and distribution of the 
mitochondria as represented b\ negative images This gave the chromatin a differ- 
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eat appearance m each region In some, the filamentous and short rodhke mito- 
chondria made the chromatin appear as it it was broken up by crevices (The draw- 
ing of a hematopoietic reticular cell, figure 7 in an article by Sundberg,^^ has a 
similar pattern ) In others, the ring and elliptical forms gave the chromatin a chain 
or droplet effect When ring forms were in a horizontal position it was possible to 
see chromatin through their central area If these “doughnuts” were in basophilic 
cytoplasm, then their centers would appear blue Quite naturally, if it were not 
known that dry smears preserve organoids which are impressed into the nucleus 
and appear as negative images, then it would be justifiable to describe these several 
chromatin patterns within a single cell as being intrinsically nuclear Sundbcrg and 
Downey^® have described myeloblasts and retucular lymphocytes with three or 
more types of chromatin arrangement within a single cell 

By turning these preparations over, the other sides of cells were examined 
Differences between the two sides were so slight that they could not be ascertained 
without knowing which side of the cell was being examined first The reason for 
this is very likely that the shrinkage which accompanies methyl alcohol fixation 
tends to decrease distances between organoids in the two layers of cytoplasm on 
either side of the nucleus Hence, optical sections through the nucleus would in- 
clude nearly all organoids impressed into the nucleus It was felt, however, that 
negative images of mitochondria impressed into the nucleus on the flattened sur ace 
adjacent to the cover slip were perhaps better defined 

8 Comment Although all of the foregoing observations were made on ery t ro^ 
blasts from rat fetal livers, enough human fetal liver material was examine ^to 
show that in general the same conditions obtained Lymphoid cells from ^ . y 

lymph nodes were studied in supravital and dry smear preparations by . 

microscopy, and in supravital and unstained 10 per cent formalin preparation 
phase microscopy 


Discussion 

Prior to 1900 all lymphoid cells were grouped together, since 
vere imable to find any differences between those of the marrow an 
n normal circulating blood Naegeli*’ was the first ^vas a 

ind describe a characteristic chromatin arrangement in marrow ce 
iniform netlike structure present in small as well as large mye 0 
Downey-- pointed out, it is the most permanent and reliable c arac 
uycloblast which has survived until the present Accurate 
ivas more or less lacking in the field of morphologic ^ sjjongio' 

;et a standard which is still accepted by many hematologists e chroma^*” 
plasm, paraplasm (hyaloplasm), parachromatin (katyop grouped to- 

with respect to their appearance in dry smears The first t 1,^ nc'cr 

gether and called plastm substances because they differe which almost 

caking up methyl green Pappenheira made the keen ° parachromatm 

seemed to be a law, that tinctorial reactions of the par p jj^gmtaincd that 

paralleled each other When this was applied to J parachromatm, 

Lee staining of paraplasmatic hemoglobin paralleled that ot P 
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It suggested an intimate genetic relationship because the former grew and changed 
tinctorial])’- at the expense of the latter He concluded that parachromatin or the 
mterchromatic nuclear spaces were not produced merely by transilluminating 
plasmatic hemoglobin of the plasmatic cell circumference (1 e , cytoplasm above 
and beneath the nucleus in a dr)'- smear), because they were also found in the tom 
out and displaced erythroblastic nuclei Although Pappenheim may have been in 
error regarding the exact relationship between light areas in the cytoplasm and 
nucleus, he at least doubted momentarily that parachromatin was entirely of 
nuclear origin 

Pappenheim, Schridde, Naegeli, Ferrata, Downey and others, including the 
present author, have repeatedly emphasized that dry-fixed smears bring out the 
finer structural details of the nucleus which are important for the identification and 
interpretation of lymphoid cells which have not developed specific cytoplasmic 
characteristics It has been generally accepted by all of these men that descriptions 
of nuclear detail, pattern, or structure have referred to intrinsic characteristics 
of flattened nuclei To be sure, specific and azurophilic granules, and Auer bodies 
niay have been cither over or under a given nucleus, but these presented no problem 
because they were visible and readily recognized as such Some hematologists must 
have pondered the fate of the cytoplasm in a more or less spherical cell which was 
subsequently flattened and dried Likewise, some hematologists must have won- 
dered what happened to the organoids when cells were smeared and dried These 
questions quite naturally had to remain unanswered until the development of 
proper cytologic, cytochcmical and optical technics paved the way for their explo- 
ration 1 Even before these technics were utilized, Dr E R Hayes of our depart- 
ment suggested that a possible solution might be to make smears on celloidin or 
some plastic substance and section them 

The present study is the natural outgrowth of a problem originally undertaken 
to determine the nature of the so-called hyaloplasm ^ Investigation of various 
lymphoid cells with leptochromatic nuclei has shown that the thin layers of cyto- 
plasm on either side of a flattened nucleus contain organoids in variable quantities 
These were impressed into the intervening nuclear material during the drying and 
fixing processes in making a smear or imprint of hematopoietic tissue When stained 
'vith Romanowsky dyes, the organoids — chiefly mitochondria appeared as nega- 
tive images over the nuclear area, just as they did in the basophilic C)'-toplasm 
Unfortunately, it was impossible to separate readily all light areas of cytoplasmic 
origin within the nuclear area from those produced by intrinsic properties of the 
nucleus — oxychromatin in particular All light staining material within the nu- 
clear area as seen in dry smears, has been described previously as either parachro- 
matinis-24 qj- Jcar)'oplasm Since the evidence derived bv studying blood cells 
'vith several technics indicates that cytoplasmic organoids ma) also contribute to 
the production of these light areas, it seems necessar) to define the term nuclear 
structure 

Fundamentally, the morphologic basis for nuclear structure during inrcrpbasc 
should include the nuclear membrane, chromatin reticulum, linin, nucleoli, and 
kar^ opHsm or nuclear juice It should be an interrelation of the parts as dominated 



nuclear structure vs 


nuclear pattern 


^8z 

by the general character of the whole Fnr i 

chromatin may be dctemmed by us.ngLitabfc balT^Ho ‘'‘“‘‘’"T 
ascertain the true r./ u ^ oasic dyes However, in orde tr 

nucleic acid m^t ^TJdTZl the Feulgen reaction fot detoxytibos, 

basic dyes 

chemical difference between h indicate there may be a de&mtc 

definition of nuclear stnirr and oxychromatin The proposed 

aqueous media for phase microscop^'’ '” 

che^tp«a™ce°ofT“ P““' «“<!/ 

mitocEialcitL^o th^^^^ “ 'f organo/-.h,efi, 

nuclei as seen tn rif 'r, layers of cytoplasm on either side of flattened 

into both sides nf fl These structures appeared as negative images impressed 

X amount Li depeLs u^n the 

picture thus nres of organoids present at that particular time The 

nucleus berwe ^ pattern in the nuclear area produced by flattening the 

plasm This r, L underlying organoids within thin layers of cyto 

unless one »s t, ^T° ^^t-angement of the parts that suggest a design Therefore, 
be mnrf ^ ^ certain that the nucleus has not been so influenced, it would 

raehrr , spealc of the nuclear pattern of cells as seen in dry smears 

mflni-nr k ^ nticlear structure Of course, the nuclei of all cells will not be so 
therf* ^ y cirganoids because as they mature, as in the case of crythroblasts, 
r ^ ^ irninution of cytoplasmic constituents Hence, when an ortho* 

matic normoblast is examined the chances are that its nucleus was flattened 
th ^yers of cytoplasm containing very few or no organoids to influence 

parac romaric pattern There is another aspect of this problem which has not 
exp ore , namely, that slight differences in nuclear structure as seen in sec- 
one material may become accentuated when these more or less spherical bodies 
attene Nuclear pattern must include intranuclear as well as extranuclear or 
y op asmic components This tends to offset Maximow’s criticism"^ that, The 
ute iffercnces of the nuclear structure, seen only in dry smears, might very well 
epen merely on the differences of external conditions, encountered by the cell 
places and the various stages of development of the body 
Although It IS necessary to have phase equipment to duplicate the present results, 
such equipment is not essential to check in general some of them For example, b) 
using either oblique lighting, or decreasing the condenser diaphragm, or a com 
bination of these, or by dark field illumination, it is possible to determine that 
certain organoids arc above the nucleus in mounted unstained dry smears These 
methods, unfortunately, tell us nothing regarding finer details of these structures 
Furthermore, if inquisitive hematologists had been really interested in dctermmi g 
the fate of mitochondria in dry smears, they could have arrived at the same to 
elusions through correlative studies of supravital material, Schriddc and Frc 
preparations (methods outlined inNacgclF*) and dr>^ smears For example, m 
recent study* on the relation of mitochondria to the so-called 
major conclusions were drawn from dry smear, supravital, aniline acid u 
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Sudaa black and ancmony mchlondc preparations before phase 
used The latter, however, cl.nched the argument It may be 
the dry smear method preserves m.toehondr.a better than any 
technics At least it may now be said that good dry smears preserve mitochondria 
m lymphoid cells with an unexpected degree of accuracy „ 

It should not be difficult for hemopatholog.sts and d.O'Cal hema»log s s to 
think also in terms of cytoplasmic activity when interpreting ^ 

responses, because undoubtedly a number of differences in 

they hav; studied have been due m some measure to organoids above and beneath 
flattened nuclei In other words, part of their '““notetations of al emd celMa^ 
functional activity probably have been due to cytoplasmic „ 

on nuclear ones Smce cytolog.sts have shown there is a greater 
cellular function and the cytoplasm than between it and the nucleus, it 
by studying nuclear patterns in lymphoid cells we ave a re ec ‘ 
as well Is cytoplasmic alterations due to functional or metabolic J ^ 

been studying cytoplasmic alterations unknowingly for a '“S C«t“n ye 
in my case) fnd have inadvertently credited the functional activity of lympho^ 
blood cells almost entirely to nuclear metabolism wnh little "o 
basophilic cytoplasm and its negative images o underlying 
interpretation in no way detracts from the role t e nuc eu „„„.2ation 
center of control in cellular metabolism and the importance o studvina 

The results of the present study indicate that the dry smear 

immature blood cells produces nuclear patterns forme yt es , £ ^ 

and cyroplasmic alterations It seems to futn.sh a more sensittve 

a cell IS doing than any other single t IIL.ans and 

have, in many instances, more or less bridged th g p a-nnarent than 

the extreme polyphyletists ^£ 

ever before The Unitarians or monopnyletists cm 7 

sections, hence they studied nuclear structure ^ ° from intcrphasc 

noted that Mirsky and Ris^o have recently 

nuclei of fish erythrocytes and lymphocytes of calf ^ j^^^^lear 

have relied primarily upon alterations of the cytop^ajm an ^ 

structure There is some doubt as to whethc 7 i ^ 

structures lu certain cells > - Certain ^ 

nucclus as well as the The neo-unitanans and dualists 

mitochondria are not impressed into the n u v, nnrlf'u'; and c\to- 

have been observing and describing ” t” recognized that 

plasm, especially m lymphoid cells It is rhnup-h it evaded 

something was producing differetK« of the c^ toplasm 7 he 

detection until new technics clarified th & 8undbere and 

present studies offer an explanat.on whs Downey.- and “ 'J Sundbetg and 
Downey ■> concluded that the dry smear or imprint method rescaled "t'™" 
significant differences svh.ch are lost through the use J'f 3“ , 

must be remembered that there exists an extreme aanab.l.ti ^^e morrholog a. 
charactet, st.es of ana one cell tape As a consequence aae must yaa more 
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tion to nuclear pattern than we have in the past and we must give even more con- 
sideration to the range of variation of these patterns Pappenheim®^ also recognized 
the importance of the latter 

The concept developed in this paper that nuclear pattern is a reflection of nuclear 
and cytoplasmic alterations should be applied to other cells in other conditions 
Klemperer®^ mentioned that “Every discovery of a structural detail in the cell 
arouses the question as to its functional significance ’’ He also deplored the fact 
that cytologic investigations on mitochondria require a highly developed technic 
The present approach may be useful in studying certain aspects of cellular path- 
ology It would be instructive to determine how much of the nuclear pattern of 
immature leukemic cells is due to cytoplasmic constituents In this connection, it 
should be pointed out that Lewis^® suggested the derivation of malignant cells from 
normal ones might possibly be due to cytoplasmic alteration Later, Potter” 
studied — extracellularly — certain enzymes associated with cytoplasmic components 
and as result advanced his enzyme-virus theory of cancer Shortly afterwards, 
Woods and DuBuy reported that virus diseases, variegational diseases and cancer 
in plants may be related through changes in mitochondrial eqmlibria Although 
metastatic tumor cells in hematopoietic tissues might prove to be smtable material 
for studying the role of the cytoplasm in the production of nuclear pattern, there 
may be some difficulty in adapting these methods to exfoliated cells from cancerous 
tissues Dr Raymond Kibler^^ from our laboratory has already extended many 0 
these studies to myeloma cells with considerable success Sundberg^^ reported t at 
‘ The uniformity of nuclear structure in both myeloblasts and lymphoblasts migj 
well be the result of repeated mitoses without subsequent differentiation 
mitochondria are abundant in dividing cells, future studies may reveal that t es^ 
organoids are responsible for that uniform nuclear pattern This may also exp 
why hematologists have observed that the demarcation between 
and parachromatin becomes more distinct in immature lymphocytes c 
the lymphocyte in acute inflammation®* should be reinvestigated It is 
that the increased hyaloplasm is not due to inhibition or cellular edema, ^ 
to an increase in the number of mitochondria as a result of accelerate ^ ugerte 
activity It would also be interesting to reconstruct the changes in 
nuclei as they transform to macrophages and determine the role P snud®'’ 
cytoplasm And finally, dry smears of tissue cultures may be suita e 
analyses 

Summary 

I Lymphoid cells from rat and human fetal livers and adult rat 1} 
studied by means of various cytologic, cytochemical and optica 

X Freshly dried smears preserve cytoplasmic detail with an extrao 


Freshly 
of accuracy 


curacy the cs to* 

3 Mitochondria, both numerous and pleomorphic, are ^ 

plasm which lies beyond the nuclear membrane as well as in t 

cvtoulasm above and beneath the nucleus mitochonJf*® 

4 In dry-fixed preparations stained with Romanowsk, dies. 
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appear as negative images (hght areas) in basophilic cytoplasm These negative 
images within the nuclear area contribute to the formation of what hematologists 
in the past have described as parachromatin 

5 The dry smear method of studying lymphoid blood cells produces nuclear pat- 
terns formed by the sum total of nuclear and cytoplasmic alterations which reflect 
functional activity 

6 The meaning of the terms nuclear structure and nuclear pattern have been 
contrasted 


ADDENDUM 

Dr Arnold Lazarov rcccntlj called my attention to the fact that other cytoplasmic constituents 
ha\c been preserved in air dried smears of hepatic tissue Paul Ehrlich (Ztschr f klin Med 6 43, 
1883) anticipated bj this method the results found later by the more elaborate freezing-drying tech- 
nic Ehrlich observed the homogeneous distribution of gl) cogen in liver cells 
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THE BONE MARROW ON STERNAL ASPIRATION IN MULTIPLE 

MYELOMA* 

By Edwin D Bayrd, M D 
Introduction 

T his study of the bone marrow on sternal aspiration in multiple myeloma 
IS concerned primarily with three main points (i) the type of cell or cells 
involved in the production of the disease, (x) the origin of this cell or these cells, 
and (3) cytologic criteria for the degree of malignancy 

As will be noted more fully later on, there seems to be no point of agreement on 
the first two aspects of this subject and almost no information whatsoever on the 
third 

An attempt will be made herein to elucidate all three of these issues insofar as a 
study of the available literature and material at hand permits 

All satisfactory sternal marrow smears available through February, 1947, were 
reviewed for cell type and indications of origin These numbered seventy-one 
altogether Fifty-one cases were studied completely with differential counts, as 
noted subsequently, and with attention to all morphologic detail These observa- 
tions were used in an attempt to correlate cytologic findings with clinical findings 
Forty-three cases had been seen long enough ago to be included in the follow-up 
study for indications of degree of malignancy This last group includes all of those 
cases seen at the Mayo Clinic through December, 1945 

Method 

The technics of sternal aspiration used have been various modifications of the 
Arinkin method^ (using a Klima and Rosegger needle-) and have been fully 
described previously ^ The present method employed is that used by 
Schleicher 3 6 6 

One to X cc of the marrow material was withdrawn with a dr\ sterile syringe 
from the gladiolus at the level of the second interspace after inserting the tip of 
guarded needle and stylet i to x mm beneath the inner table of the cortex In 
addition to the marrow blood withdrawn, small elements ( units ) of bone mar- 
row are apparently withdrawn intact The whole is placed in a parallin-lined 
heparinized glass tube The use of these small units permits fixed tissue technics 
to be emplojcd on the same bone marrow from which \olumetric studies and 
smears arc made 

Smears done \sere nailable for rcMcw in the large majonn of instances but in 
ihc few eases m nhich tissue nas also axailablc and of additional interest this fact 
IS indicated In addition to a general description of the sternal marrou smears that 
were made on each e nc ifter a period of srud\, differential counts of xoo marrou 

1 roni tl c Di\ I'loa McJitinc o Clinic, Rochevre^ Minn 

• \h-i3qnicnt of thcMv <ubn moi to tl c Fjculrt of the Graduate School o‘ the Lrnci itt X‘i - 
'Ota in partial luHillnicnt of the rci^uirnintc to- the decree of M S in Xfciicir- 
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cells were made Further “differential counts” were conducted on loo “myeloma 
cells” in each case in an attempt to develop an objective method for determining 
the degree of anaplasia or immaturity 

A small, LOO cell differential count was considered to be adequate for this study, 
(i) because a larger i,ooo cell count run as a pilot showed less than a 3 per cent 
variation in the predominant cells present, (z) because the limits of normal are so 
wide"* ’ that only gross changes are significant, and (3) because quantitative rela- 
tionships in these marrows are of secondary importance The number of nucleated 
erythrocytes per 100 myeloid cells was noted The “myeloma’ cells were classifie 
as old if the nuclear chromatin was fairly compact and the nucleus small (usually 
eccentric), tending to resemble the ordinary plasma cells, whether or not a nuc c 
olus was present, although this was noted 

The intermediate stage cell, the type most often seen in multiple myc oma, 
usually had one or more large nucleoli and a vesicular, finer stranded nucleus wit 
or without chromatin “dots” (small isolated, denser areas of chromatin) c 
was, in this group, less tendency toward eccentricity of the nucleus than in t e 0 
cells The young or immature forms were those with a large nucleus, wi a 
fine chromatin skein, with or without nucleoli such as seen in the ° 

rcticulo-endothelial cell Here the nucleus showed the least ten cncy 
eccentricity This division proved to be a workable, though, as mig tea 
pated, not an infallible one 


Historical Review 

The significant clinical feature and gross morphologic aspects of the d ■ 
widely known as ‘multiple myeloma’ were developed Y ^ Tones” 
half of the nineteenth century from the time of Macintyre, described a 

and Dalrymple^o m 1848 to 1850 to that of Wright” in 1900 Macm ) 
case, appropriately enough of a man, 45 years old, w o was sec 
with Dr Watson, in whose urine Bence Jones noted some ^ nbs 

and on whom Dalrymple reported the microscopic findings m clinico- 

Subsequently, Rustmky,!^ Kahleri=> Bozzolo” added ^s 

pathologic picture of the disease and stimulated the of mul- 

Until 1900, when Wright” published the studies he had ma e 
tiple myeloma that had come to his attention in February, i ^ however, 

the offending marrow elements to the plasma cell although he 

Christian^® reported on 6 cases, all with this characteristic limits of 

later stated^® that he considered the myeloma cell to to So ptt 

plasma cell on one side and myelocyte on the other mce t a ’dyeing these 
cent of reported cases have been of the plasmocytic t}pc etiolog>> 

formative }ears and the next two decades that most o our pitholo- 

ccll type and histogenesis were laid down This was one in more bizarre 

gists utilizing fixed tissue sections Subsequently, some o t _^,ncmia,‘ ' ' 

manifestations of the disease were emphasized, sue ^ l\lood”” 
rouleaux formation,"* ----® myeloma cells in the pcrip c problcui 

associated amjloidosis Two of the most complete re 
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to <-1 ttc iiilIiuIc iho'-c of CicscliKktcr tnd Coi'cl.iml,'''' ntul Atkinson The rclation- 
vhip ol the liifiusc multiple nncloma to the solitirt mtcloim, intraosseous anti 
cNtnotscout. tml pi isnn tell leukemn' Ins heen tlistussetl hv many authors, a 
few til whom ire luuetl '*■' In 1919, Arinkin' iinrotlucctl his method 

for hone marrow aspiruion ind suite then more attention ' has heen directed 
toward this tethnit is a method tif dnt^nosis and means of studMiig the histo- 
pitludoqit tharattensties of this discise 

CoMMlNT os. Tin LniRAauRi 
A TIM 1 M*I 01 sniLOMA 

It has heen widclt held since the eoneept of multiple nneloma W'as first formu- 
lated that scNcral, if not all, t\ pes of marrow' cells were involved in the production 
of the spccilic lesion There w-cre thus tr\ throhlastic,^'-^'"' h mphocytic,^' 
megakart ohlastic,^’ m\ clohlastic,'*"’ ''' and mt elocytic,'”' 

- as well as pi ismact tie, lipohlastic”" and osteoblastic types Of the 

current texts in pithology or clinical pathology this opinion finds support among 
Ikll,^^ Wood,'’*" Moore, MacCallum,^'' Oertel,‘'' Gradwohl,®" and Kolmcr and 
Boerner''’' and further acceptance by other authors Boyd''* seems to 

support those whose contention it is that all t)pcs are hut a variation of one cell 
tjpe when he remarks (having previously listed the usuallj accepted types) that 
“on the other hand it is equally possible, indeed probable, that the apparent variety 
is mereh due to anaplastic changes in one fundamental cell type ' 

Bv the time Wright" made his first observations incriminating the plasma cell 
in 1900, the follow’ing histopathologic diagnoses had been made on the lesions of 
cases accepted as multiple myeloma lymphosarcoma, myelogenous pseudoleu- 
kemia, lymphadenoma, hyperplasia of marrow, vascular endothelioma, sarcoma, 
small round cells and lymphoid cells In 1904, Weber’’ reviewed the literature (38 
acceptable cases) and reported one of his own This case he classified as a “myelo- 
cytic’ myeloma He also recorded a second previously reported case, which he des- 
ignated as lymphocytic’ although he mentioned the presence of more than the 
usual amount of cytoplasm and occasionally eccentrically placed nuclei 

In 1910, Williams and associates^” reported a case of plasmacytic myeloma 
and also reviewed the slides and tissue of a case reported by Moffatt®^ in 1905 as 
lymphocytic It was their expressed opinion that this, too, was plasmacytic And 
even as early as that time they observed that “this suggests that further research 
will show that the differences in the type of cell are more apparent than real, and 
are the result of differences in fixation, staining and description, or perhaps in 
degree of anaplasia ’ Sherman,®” in 1913, also, in a good discussion of the early 
literature, reported 3 cases, the second of which he regarded as myelocytic, the 
other two probably bemg plasmacytic At the same time he presented a classifica- 
tion which included true myelocytes, premyelocytcs or myeloblasts, lympho- 
cytes, plasma cells and megaloblasts (crythroblastoma) ’ However, it is interest- 
ing to see that though Shennan outlined a rather inclusive classification he did 
express some doubt that such a wide variety of types exists “It is questionable 
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whether all the different varieties of myeloma described in the literature of the 
subject can be clearly differentiated from each other Possibly the apparent differ- 
ences are due to the variability of one cell type ” 

In 1916, Vance"*® reported a case which he placed somewhere between an erythro- 
blastoma and a myelocytoma He listed ten authors who had observed myelo- 
blastomas, eight authors who had reported lymphocytomas, six who had noted 
myelocytomas, Ribbert’s®^ erythroblastoma, and several authors who had de- 
scribed plasmacytomas 

Wallgren,®® in 1910, in a widely quoted review of the problem, expressed the 
opinion that a lymphocytic type does not exist, that newer methods of staining 
have done away with it, and that all myelomas are made up of cells of the same 
fundamental type which may, however, show certain varying stages of develop- 
ment, differentiation or degeneration In 192-8, Geschickter and Copeland sum 
marized the findings on qii cases of proved multiple myeloma from the literature 
and reported on their findings in 13 of their own cases They had this to say a out 
myeloblastic and myelocytic types 


As for the so-called myeloblastic or myelocytic type of myeloma, we have rcpcatc ly 0 scrv ^ 
concemmg the same section two authorities will differ between these two terms Ewing, in 
II m our senes, used the term myclocyuc or myeloblastic, while Bloodgood used the term p 
type In running through a series of 12. proved cases in rapid succession, one finds that esc ^ jypgr 
stand out especially as atypical and fit in well with the so-called plasma cell type, ® ° describ 

ficially, the nuclei do not appear to be as typically spoke-like in arrangement Many aut ors, 
mg such cells in cases of multiple myeloma are uncertain whether to class th«e cc s in 
myelocytic senes, and some of these authors have thought that the apparent di crcnce vras 

or staming methods , cases on 

In some cases the differenuation was made on the basis of the oxidase rcacuon, 
the Unna-Pappenheim reacnon for plasma cells While the differenuation can t us c ra 
often It cannot be made cither by oxidase reacuon or by Unna-Pappcnhcim stain 

Wintxobe,®^ while noting that the "literature refers to 
types myeloblastic, lymphoblastic, a ^ is the 

even hemocytoblastic and megakaryoblastic, said, ri nfication of the 

most common designation There is a good reason to doubt t e 1 referred to 

cells in many of the reported cases Even many of those w o have 

plasma cells’ have admitted that those were atypical Recent sternal punc- 

becn aided greatly by the possibility of obtaining the ® other cell 

ture, indicate that the myeloma cell is a peculiar form 1 ering 

*^ypc ' ] Wood, Quinlan 

Casts rtporftd tn winch tissue studies were responsible for natient was a bo) 

and MerrilP® reported a case of multiple myeloma in which t ^^^j^gists for 
19 years old Tissue obtamed for biopsy was ^ ^.^-urs in the first 

their opinion because of the infrequency with whic opinion that 

two decades of life Wood, Warren, and MacMahon expres (gcschichtcr 

this was a pleomorphic or atjqiical plasma cell mye onw, ' jc Rou- 

stated that it was of the ’primitive myelocytic series o 
viii^ss rri reporting four cases of multiple myeloma note 
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piiMin cell Mnetv uni tint one was iMnphocj Ue, uhilc tlic other was inyclo- 
c\ tie 1 hi^ list le Tclt In Pirkci to he I loeli^kin’s disease 

Tile lorcuoini: e iscs (^tihlc i ), reported since Writ^lu in idc his observations 

on the plisini cell eh ir icier of tins tumor, are eases in which the histopathologic 
diagnosis IS other th m of the pi isin i cell i\ pc It should he cinphasi/cd that in all 
of these e ncs the di ignosis w is h iscd on the e\Tinination of tissue sections It will 

1 stM> 1 ( I it'idi { ( till Milttplt ,1 (torn lit Ltlirjlitc tt htch uert IltpoiKil as of at! tr than thr 
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MicCilliuit'' 

M\ cloL\ lie 

' 1 

Ribbcn^ 

nr\ throblastit 

1 

/ 

Me eloce tic 

] 

Ueber' 1 

L\ iiiphocx tic 

1 

Per min'’ 

Promt cloc\ tic 

1 s 


L\ mphoct tic 

' 1 

Shenmn 

Mtelocttic 

I 

Vance^'" 

M\ cloc\ toma 

! * 

Gunn and Mnblc*'' 

Megakart oblastic 

1 

Gcschicktcr md Cupcland^'" J 

Mt cloct tic 

X 

Wood and a^aociatce’' 

Mtclocttic 

1 I 

Donbauscr and dc Rouvillc''*^ || 

Lt niphoc) tit 

1 

Mtclocttic 

I 

Pcnllo*’’ ) 

Lt mphoc) tic 

z 

Batts-^ 1 

M) cloblastic 

1 

S)mmcr!)‘'‘ j 

M) cloblastic 

I 

Willson “ j 

L) mphoid 

I 

Feller and Fouler*' 

Blast cell 

I 

Roscnblum and Kirshbaum’’ ] 

L) mphoc) tic 

I 

Slaacns^' 

Myeloblastic 

I 

R) pins’* 

M) cloblastic 

I 

Jacox and Kahn®’ 

Myeloblastic 

! I 

Jenkinson and Foie) 

Without plasma cells 

I 

Cantarou * 

Granulocytic 

1 I 

Moore’*’ 

Myeloid 

I 

Schu artz” 

Giant ceil myeloma 

1 1 

Marchal and Mallet*®’ 

Hcmohistioblast 

1 I 

Stewart and Weber” 

Lymphocytoma 

1 

Smith and Silberberg®* 

Hcmocytoblasuc 

1 

Mewburn and Vango” 

Lymphoid 

I 


also have been noted that great difficulty frequently attends the classification of 
these cells cytologically from tissue alone and that competent pathologists may 
differ widely in their opinions of the same tissue And this takes no cognizance 
whatsoever of those cases in which a diagnosis of other than myeloma entirely 
was made erroneously, as has undoubtedly occurred in some instances 

Cases reported tn which diagnosis was based on sternal aspirations The technic of 
sternal aspiration is of relatively recent origin, yet, even so, enough cases of mul- 
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Table X Cases of multiple myeloma diagnosed by sternal aspiration 


Author 

Type 

Cases 

Scott^ 

Plasma 

1 

Rcichioi 

Plasma 

I 

Pearson and assoaates^®* 

Plasma 

I 

Rubinstein^'” 

Plasma 

X 

Ferrata and Storti^®^ 

Plasma 

I 

Vogel and assoaatesi®® 

Plasma 

4 

Markoff^®’ 

Plasma 

I 

Gordon and Schneidcr’^®® 

Plasma 

I 

Hertzog and Schleicher'®® 

Plasma 

3 

Beizer and assoaates'* 

Plasma 

9 

Berger and Goodman"® 

Plasma 

1 

Brugman and Rach"' 

Plasma 

I 

Wells and Goldish"* 

Plasma 

I 

Russell and Jacobson"® 

Plasma 

I 

Thannhauser and Brereton""* 

Plasma 

I 

Foord*® 

Plasma 

I 

V4radi« 1 

Plasma 

5 

1 

Myeloblastic 

X 

Flcischhacker and Khma"** < 

Plasma 

5 

1 

Stem cell I 

1 1 

Rosenthal and Vogel®® < 

Plasma 

IX 

1 

Myclocj uc 


Wassenbach and Licvre"® 

Plasma 

X 


Hisuocytoid 

3 

Young and Osgood"® I 

Plasma 

1 

Diggs and Sirridgc"' 

; Plasma 

55 

Magnabosco and Franccscon"® 

Plasma 

I 

Du Bois"® 

Plasma 

I 

Mondor and assoaates"® 

Plasma 

I 

Dreyfuss"' 

Plasma 

I 

Suarez'** 

Plasma 


Curtze'*’ 

Plasma 

3 

Blackman and associates'*' 

Plasma 


Bauer'*® 

Plasma 


[ 

Plasma 


Marchal and Mallet'®®'**'** ■< 

Plasma 


( 

Plasma 

X* 

Schleicher and Fahr'*® 

Plasma 


Brass'*® 

Plasma 


, f 

PJasma 


Erf and Herbut'® “ < 


3 


Other 


Churg and Gordon'®® 

Plasma 

I 

Schindler'®' 

Plasma 


Bdc'« 

Plasma 

I 

Moss and Ackerman'®® 

Plasma j 

1 

Me)er, Halpcrn and Ogden®* 

Plasma 



* (overlapping^ 


Plasma cell t\ pc 
Other tvpcs 


t^o 

JO 
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tiplc Ill^clom^ hue been iliaqnosctl h\ this method to mtkc a brief survey of 
iMihMc reports of interest ktable O 

\ indi*'' reported on 7 cases, <; of which were considered to he t\ pical plasma 
ceil forms, tlic other 1 bcinq nnelohlastic Tile illustrations suggest that 
thc\ miqht also be more iniplastic, \oungcr \ irictics of the in)cloma plasma 
cell 

Of the 6 cises in which ricischhaclvcr and Klima’- obtained sternal aspiration 
material. fi\c were classilicd is plasma cell t\ pcs and one as [sic] ' Stamin/cllcn 
m\cloma 5 ’ The question mark is theirs 

Rosenthal and VogcP" reported on 13 cases, of wdiich all but one w'crc of the 
plasm i-ccll t\pc The exception, ease 13, wxas called mvelocytic, although 3 
|xr cent of plasma cells were present in the marrow' on tw'o sternal aspirations 
Two plasma cells pictured had three nuclei apiece and w'crc vacuolated In this 
case, three questions ma^ be raised (i) was this reall) leukemia wnth moderately 
increased plasma cells or (1) wxas this real]} multiple m}'cloma w'lth a severe 
Icukcmoid reaction and, if so, would still another sternal aspiration (tw'o w'cre 
done) ha\c showm a different spread of cells wMth more m}e]oma plasma cells,’ 
and (3) w'ould a diagnosis of multiple myeloma be justified in the complete absence 
of the m}cloma plasma cells’ ? In the author s opinion the mere fact of a cell’s 
preponderance docs not establish a cell type 
Weissenbach and Lievrc,"^ in the 5 eases which they described, found 3 to be 
histiocytoid’ in type, and x plasma cell-like, again their description of the 
histiocytoid cells, with eccentric nuclei, nucleoli, basophilic cytoplasm and 
frequentl}'- vacuolated,” prompts the speculation that these cells were merely the 
unrecognized, more anaplastic forms of the ’’plasma cell 

Erf and Herbuf'” reported 7 cases of multiple myeloma 4 were of the plasma 
cell type, 1 was designated as lipoblastic, i megakaryocytoid and i myelocytic 
The myelocytic patient had osteolytic bone lesions alone to suggest multiple 
myeloma, whereas her age, sex, hepatosplenomegaly, petechiae, marrow (10 per 
cent myeloblasts) and blood ([6 to 15 per cent myelocytes) certainly point strongly 
to a diagnosis of leukemia In this instance, then, a leukopenic leukemia is scarcely 
excluded The sternal marrow in the case reported as megakaryocytoid disclosed 
many typical single or double nucleated plasma cells ’ It was because of the ’many 
transitions from these to giant cells with as many as 7.7. nuclei ’ that it was con- 
sidered to be megakaryocytoid The mere hypernucleation of the plasma cells here 
would seem dubious justification for such a conclusion and certainly the absence 
of the ‘‘many typical single or double nucleated plasma cells” would have made the 
diagnosis of multiple myeloma itself suspect The third unusual case involved a 
man forty-one years old who had bone tumors and anemia and died after a brief 
illness No Bence Jones proteinuria was noted and his serum proteins were low 
The sternal aspiration examination suggested to the authors a likeness to marrow 
fat cells though reference was made twice to many cells that closely resemble 
plasma cells ’ It is not clear on just what ground — the presence of bone tumors, 
lipoblasts in the marrow, the resemblance of marrow cells to plasma cells or a 
combination of these — the diagnosis of multiple myeloma was made in this case 
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If on the first two grounds alone, the evidence would seem rather tenuous, if on the 
third, then the myeloma could scarcely be other than a plasma cell type 
Reviewing carefully, then, the lo cases noted in which other than a plasma cell 
type was reported, in the light of the present study as will be subsequently noted, 
It is seen that one is probably a case of leukemia (Erf and Herbut’s'^'’ case 5), one 
is doubtfully multiple myeloma (Herbut's and Erf'^' case 6), one (Rosenthal and 
Vogel’s^® case 13) plasma cell myeloma with a leukemoid reaction versus myelo- 
genous leukemia or myelocy toma, ” and a fourth (Herbut and Erf s case^ 7) 
probably a plasma cell type, though not so reported The other 6 are all reportc 
as immature types, i with excess plasma cells, 3 with a description that fits we 
the more anaplastic plasma cell and another with illustrations which, if accurate, 
depict ‘plasmablasts” as frequently seen in this series of sternal marrow exaimn 
ations 

Haden and Rumsey,®* in 1340, reported on 16 cases in which sternal aspiration 
had been done Individual cases were not reported as such, and hence will not 

considered further here , 

The difficulties inherent in the establishment of a cytologic diagno^s ^r^^^ 
tissue sections are evident and are emphasized by the experience of Geschic 
Copeland®®, Wood, Quinlan and Merrill,®® and Ulrich This point gains ^ 
weight by the observation of Erf and Herbut’s^® case 4 which was esigoa 
myelocytic from sections, although the sternal marrow clearly 
these were plasma cells Scott and associates*®^ noted that plasmo j_ 

easily distinguished by routine staining methods from any early orm 0 
Old or erythrocytic series and that this is probably the cause o m^y . 
made by the early workers in interpreting them as myeloblasts an cry 
They also pointed out the unreliability of specific plasma ce j^m-hors) 

oxidase reaction in determining cell type in this disease (as have nume 
because of the variability of the cell to any of these tests^ niultiple 

Churg and Gordon*®® in the same vein stated that thought to 

myeloma] have been reported in which the predominant ce dements 

resemble not the plasma cell but the myeloblast This was true 
in our own material If these cells had predominate , t e cas transitional 

called by some an instance of myeloblastic myeloma ^°Y,rierc present This 
forms between these and other cells resembling plasma ce ^ so-called 

statement is true in other reported instances ,cal cell of mul- 

myeloblastic cells are variants, perhaps younger forms o t e pp^. 

tiplc myeloma It seems logical, therefore, to group 

term, myeloma cell ’ ”*®® characteristic of the 

Doan*®® said A diffuse hyperplasia of cells more or c differing 

so-called plasma type make up the new growth t ^^gpcatcd from the 

degrees of maturity the plasmablast may be s ^ hJamentous mito- 
myeloblast, lymphob'ast and monoblast by the c ara Jones’®' J*otcu 

chondria (Doan and Lewenstein, 1936, unpublishe ^ Jjmphohlasts. 

that others have reported myelomas compose o m> yn- 

hmphocitcs and crpthroblascs Apparenth this iscrep 
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ccrtiin iclcntifiCTtion of these cells in section material FJeischhackcr and KJima 
point out tint since the ad\ocac\ of sternal puncture the cells encountered in 
mvelonns ln\c been predoniimnth of the plasma cell t} pc Since these multiple 
niNcloma cells ma\ he immature thc\ may present a picture similar to myeloblasts 

n IlISTOGI NLSIS 

Manv of the carh conceptions of the immediate precursor of the myeloma cell de- 
pended on the accepted concept of multiple cell types and many authors have 
stated that a mAcloma cell might arise from a lymphocyte,-'’ 
h m phobias t,'*'’ m} cloblast'''' or crythroblasc ■” 

45 4s f,i cr, fin jp iJJjtion, It has been conceived that the osteoblast®' or osteo- 
clast®"' might be the progenitor of the myeloma cell This hypothesis has no ad- 
herents todav and fails cntirclj to consider cxtraosscous plasma cell lesions which 
may clear!} precede multiple osseous spread 

The conception of the relationship of myeloma to the crythroblast has developed 
on very frail evidence, has failed of corroboration with sternal marrow aspiration, 
and ma} be dismissed also without further discussion (even though Meyer and 
associates"’'' noted a confusing similarity berween plasma cells and nucleated 
cr}’'throcytes in their reported case of 'plasma cell leukemia”) Since the origin of 
the plasma cell from the Iymphoc}'^te has long been authoritativel}’- advocated, it is 
not necessary to believe that lymphocytic multiple m}’-eloma exists in order to 
postulate a lymphocytic derivation for it This has its adherents 

Michels,’®'’ in a detailed review of the morphogenesis, function and development 
of the plasma cell in 1931, discussed the early formulation of morphologic con- 
cepts, pointed out that amitosis leading to the formation of multinucleated cells 
IS a frequent phenomenon” and enunciated four main hypotheses of plasma cell 
origin (listing their proponents) These include (i) ‘ a histogenous origin from 
connective tissue cells, including tissue lymphocytes, fibroblasts, clasmatocytes, 
resting wandering cells, adventitial cells, hemohistioblasts etc ” (Piney, Downey, 
Naegeli, Maximow and others), (z) a hematogenic origin from emigrated lym- 
phocytes”, (3) ‘mixed origin from emigrated lymphocytes (monocytes) or 
pre-existent tissue lymphocytes,’ and (4) an origin from immature blood cells 
(myeloblasts, hemoblasts — erythroblasts, granuloblasts) through aberration or 
abortion ” Michels also mentioned Maximow's tissue culture work (19ZZ-19Z3) 
which showed that in explants of lymphoid tissue plasma cells develop from 
local lymphocytes in the course of two days ’ Jackson, Parker and Bethea-'’ 
noted the similarity of multiple myeloma to lymphomas and said ‘The type 
cell (plasma) belongs beyond question to the lymphoid senes, and the clinical 
picture finds analogies throughout its course in the pathologic and symptomatic 
picture of the lymphomata 

In the recent literature, increasmgly greater mention is made of the origin of 
these cells ( ‘myeloma” or “plasma ’) from the reticulum, to the point now where 
the hypothesis has gained such widespread acceptance as the statement, ‘since the 
disease originates in the reticulum cell ’ Osgood’'"’ stated that ‘it is com- 
monly thought that plasmocytcs develop from lymphocytes, but I have never 
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found any evidence of this from my studies of multiple myeloma, plasmocytic 
leukemia or marrow or blood cultures It seems certain that they are a distmct 
and separate line of cells ” Both Scott and associates, and Kracke and Garver,^^^ 
who shared this conviction, cited Doan^®® as holding the belief that the myeloma- 
plasma cell arises from the reticular cells of the bone marrow and general con- 
nective tissue, Churg and Gordon^^® “stress the probable origin of the myeloma 
cells from the reticulum of the bone marrow” and cited Klemperer^^^ and Rohr'^® 
(as did Jones^®^) as pointing out that the “plasma cell” of the myeloma is an 
abnormal hematic cell, the origin of which may be traced to the primitive reticu- 
lum cell of the bone marrow CappelP^"* said, in reporting x cases of multiple 
myeloma “It might be considered that the abnormal myeloma cells are derive 
originally from the primitive reticulum cells Some have differentiated through a 
myeloma cell of the common type or have even been further transformed into t e 

plasma cell type ’ ’ u 

Miller^^® injected tuberculoprotein into the peritoneum of rabbits and 0 serve 
that the precursor of the plasma cell was the reticular cell and its developmen 
could be traced through the blast stage to the typical mature Marscha o-type 
plasma cell, and finally into the degenerative phase with Russell-body 
Lowenhaupt^^® examined ix cases at necropsy and found splenomegaly m a 
one The splenic follicles were separated by wide expanses of plasma ce s 
these germinal centers (and those in the lymph nodes) remamed 
widely separated by plasma cells, she felt that a hypothesis of lymp 01 
was untenable She felt that she could detect single plasma cel s an ‘y 
plasma cells hanging from the reticular firamework into the vascu ar s 

felt that a ‘histiocytic origin” was suggested Wnne mice. 

Recently, too. Parsons, in a study of irradiated and turn nodes 

arrived at much the same conclusion with regard to the plasma ce s in 
She observed that plasma ceils develop locally in many inflammatory p 
that in these experimental mice it was systemic response, provo e 
acting on lymphoid tissue generally and primarily on the , ^arance 

was an early and constant feature and occurred coincidently wit 
of lymphocytes She wrote 

Examination has given no c\idcncc of the development of plasma cells from h jvljtosis of 1 )™?^' 
indeed be enurel/ absent from the glands when plasma cells are abun ant appear to be m acti'C 

Old cells IS rarel> observed, e\en in the germinal centres where the filands is marbed 

prohferauon and when kar>okincsis of these and of plasma cells to the medulla, the 

Proliferation of reticulum seems to start at the peripherj and to ®P'’“ J j jpnto the diminishing 
existing plasma cells being in direct contact \Mth these areas and faa^ mg i 

1) mphoid tissue „,ntr 1 close netwotk and staining 

In the earl} stages such glands sho\% strands of branching cells for g Laj„ a perinuclear 

moredeeph iMth p>Tonin than normal reticulum and ha\c become mo^ 

pallor detelops in man) cells, the nuclei of ^^hlch arc more dar ' . ^cticulum cells but on ' 

eccentric Around the hilum the intcrsinusoidal cords contain cn 

free mature and immature plasma cells Wicr nhich thc\ consider id'Uti 

Maximois and Bloom (1918) relate the plasma cell to the hcmoci t ’ „ the diret 

cal iMth the hmphoblast No ciidcncc has been found that t is rcc 



LDWIN D DA'VRD 


997 


forerunner of tlic pla>;ma cell, since the cells responsible for the phstmc) tosis seen in the ghnds of the 
experimental mice appear to lie the fixed reticulum cells of the stroma and identical svith Maximosx s 
fixed undifferentiated mesenclnmal cells 

Herrzog and Schleicher'"'’ again stated "that the myeloma cells arise from the 
reticulum This slide shows myeloma cells arising from vascular adventitial cells 
considered undifTerentiatcd reticulum cells ” Gordon and Schneider'"® noted that 
Kracke and Carver,''" and Curtze'"’’ had suggested that plasma cells originate from 
primitive reticulum cells The} then said 'The changes found in the hematopoi- 
etic organs in this case lend support to the view expressed by Kracke and Garver 
At least strong presumptive evidence of this is supplied by the atypical reticulum 
cell hyperplasia found in the marrow, spleen and lymph nodes, and the transitional 
forms between reticulum cells and plasmablasts " Closely related to the concept 
of reticulum cell origin is that concept which holds that either the hemocyto- 
blast’" "" or the hemohistioblast'" "® is the parent cell 

C DEGREE or MALIGNANCY 

In more than x3o references, only a handful of observers have commented on 
such aspects of the disease as they believed influenced the prognosis or mentioned 
factors which might be so implicated In Morison s’''® fourth case, the disease was 
of brief duration and was "relatively anaplastic " Kolodny'''' noted that ‘ among 
plasmacytomata one encounters a small and large cell variety, the latter are said to 
be of more rapid growth and somewhat worse prognosis " Caylor and Nickel'®" 
suggested that the ‘myelocytic" myeloma is more malignant than the plasma cell 
type Gordon and Schneider’s'®" case showed a very bizarre, anaplastic and pleo- 
morphic marrow picture The patient survived only about six weeks from the onset 
of symptoms Mallory'®' said "I have never seen a bone marrow with so many 
immature plasma cell elements suggesting something very acute and very 
malignant " Moss and Ackerman'"" remarked about the myelomas with large 
numbers of circulating myeloma cells "Thus the readiness with which plasma 
cells tend to enter the blood stream should be a measure of malignancy Such a 
statement seems logical, but it has not been proven " Hertzog and Schleicher'"® 
in presenting 3 cases of plasma cell myeloma at a pathologic conference, stated that 
the solitary types are of a high degree of malignancy," and ‘ one can estimate to 
some extent the clinical degree of malignancy by the amount of secretory activity 
of these cells 

Nothing definite can be concluded from reviewing these brief remarks but the 
suggestion is present that pleomorphism, anaplasia and cytologic immaturity 
are associated with a shorter clinical course 

Re'Vibw of Cases 

In the normal bone marrow, plasma cells average approximately i per cent' of 
the leukocytic senes In diseases other than multiple myeloma, such as chronic 
inflammations, granulomas, measles, roseola infantum, carcinoma, aplastic 
anemia, infectious mononucleosis, Boeck’s sarcoid, cirrhosis, lymphogranuloma 
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inguinale, monocytic leukemia, periarteritis nodosa and so forth, plasma cells 
may occur in excess numbers in the blood and bone marrow Ordinarily this does 
not give rise to confusion with multiple myeloma, particularly if the diagnosis is 
clinically apparent However, in an indeterminate situation, in which the bone 
marrow smear is expected to be of positive diagnostic value, some question may 
arise whether these excess and often abnormal plasma cells are not a part of a 
myelomatous process This can not always be settled unequivocally on one exam- 
ination, particularly negatively However, in the great majority of cases litde 
doubt remains 

The type of cell customarily found in smears of sternal marrow in multiple 
myeloma most resembles, of the normally occurring bone marrow elements, the 
plasma cell The characteristics which distinguish the myeloma cell from the 
normal plasma cell have been described frequently in the past, ^ 
and there is little that is new to be added to these descriptions Nevertheless, 
setting down here again the observations made in these cases may prove useful m 
re-emphasizing the specificity of this picture as a pathologic, as well as a clinical, 
entity 

Sternal marrow aspirations in 51 cases were studied, i case twice with a three 
year interval, and zo more subsequently reviewed after this study had been com- 
pleted These latter xo cases will not be included except as has otherwise been 
noted 

The first sternal aspiration on a patient who had multiple myeloma was per 
formed at the Mayo Clinic in 1939 In that year i cases were noted, m 1940, 5 cases 
were observed, in 1941, 3 cases, in i94X, 4 cases, in 1943, 6 cases, in 1944? ^ cases, 
in 1945, 15 cases, in 1946, 19 cases, and in 1947, at the time of this report, 9 c^es^ 
Follow-up reports were sought and obtained only on those patients stu 1 w 
had been examined at the clinic prior to January i, 1946 


GENERAL CONSIDERATIONS 


The size of the cells found varied approximately from ix to 60 microm, 
sidering the longest diameter of the cell, multinucleatcd cells not inc u ^ 

variation occurred within cases as well as between cases In some ms 
marked uniformity of size and shape was the rule (fig i), m some cases 
variation occurred and in still others, very bizarre appearing ce s 
observed, varying greatly in size and shape, with, however, almost m 


able gradations between stages .. ysualh 

The cytoplasm was abundant as a rule, even in the very iramamre jj. 

equaling the size of the nucleus and often exceeding it four o to 
stained deeply basophilic, when the usual Romanowsky n 

staining more deeply at the periphery to form a sort of rim ( g 3 
varied from a deep, slaty, cloudy blue to a rather bright and not 1 

The cytoplasm was somewhat granular or pock-marked in ^ perinu- 
clear homogeneous medium as is seen in the lymphocyte of 

dear light, clear area or Hof was seen but this was inconstant of these 

c) toplasm was one of the most persistently uniform and stri 'ing 
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cells \.hich held them together .ib a class, and impressed one with their similarity 
to the norm il pi isma cell 

The nucleus wis often cceentric and, in some eases, almost constantly so Here 
main the relationship to the phsma cell was emphasized However, at this point, 
nuclear similaritc usualh ceased Most nuclei had a finer chromatin pattern than 
the plasma cell, and this usualh contrasted sharply with the parachromatin A 
few had cccll-difTerentiated nuclei with heav) chrom itin blocking (fig i) Among 
the rest w'ere fine reticular patterns (fig 4), diffuse stranded chromatin (fig 3), or a 
granular chromatin background surrounding islands of condensed chromatin 
‘dots” (hg 5) As the cellular differentiation decreased, the tendency to eccen- 
tricitc seemed to be proportionately reduced, though this still did occur in obvi- 
oush immature or poorl) differentiated cells 
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Fio 1 Uniform, mature, differentia ted picture in a chronic muluple myeloma Pauent living after 
cighty-eight months (X 72-0) 

One, and occasionally more, large clear nucleoli were seen in the nuclei of most 
myeloma-plasma cells These usually stained a pale sky-blue, lighter than the rest 
of the cell, although occasionally of a deeper blue In all but two of the 51 
cases studied there were more than 5 per cent of nucleolated myeloma-plasma (per 
100 myeloma) cells In six instances, nucleoli were noted in virtually all of the mye- 
loma-plasma cells, and in about 57 per cent (19 of 51) of cases there were nucleoli 
in at least half of the myeloma cells present 

As might be expected, if amitosis were as common in myeloma-plasma cells as it 
IS in normal plasma cells, many multinucleated cells would be seen This was so 
At least one multinucleated cell was noted in each case studied, and the frequency 
rose to more than 5 per cent of all myeloma cells present (The number of nuclei 
ITcr cell was noted to exceed twelve, although two to three were more usual ) This 
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tendency to “giant cell” formation has led to various diagnostic difficulties, as 
these hypernucleated cells may give rise to the belief that they are megakaryocytes, 
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^ and demon 

Fio 2 ^ and b These illustrauons ere both made from the same marrot' jn this 

strate tnidl) the degree of anaplasia and pleoraorphism tshic ma) 
disease (X 7^5) 

fioc 

or (in tissue) tumor giant cells, or Sternberg-Reed gra' e 

but in those cases in which they were seen easily, the . „,crc noted dis- 

In all but L cases (rarely in l others) cytoplasmic extrusion 
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scminated freely through the marrow field These extrusion bodies were identical 
in all respects with the cytoplasm of the myeloma cells They stained alike, had 



Fig 3 Mj cloma cells here constituted i 5 per cent of leukocj tic elements, lymphoc} tes 41 per cent 
Note nm at periphery of m) eloma cell (X 900) 



Fig 4 Ml ELOMA Cells with a Reticular Pattern in the Nuclels (X 7L0) 

the same internal granularity,” contained vacuoles when the myeloma cells did 
and even contained Russell bodies in one case in which they were numerous In 
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several cases they seemed to arise from buds or pseudopodia extending from the 
myeloma cell These same extrusions have been seen in the peripheral blood in such 



Fig 5 Prominent Areas of Chromatin Condensation Single Nucleolus (X 72-0) 

I 



Fig 6 Russell bodies ma) be seen in the upper center cell Smallcrones Here p 

but arc not apparent here (X S50) 

i ffbrl'ul as the same phe 

cases That this has special diagnostic value, however, is o _ ^ niono- 

nomenon may be seen in other conditions, particular!) t c ) mp 
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cytic leukemias In this connection, it is of some interest to note that Sabin is 
quoted by Lowenhaupt''*® as showing that release of globulin by clasmatocytes is 
associated with the shedding of cell cytoplasm into the blood stream However, 
despite the attractive possibility that it might, no relationship could be noted be- 
tween the rate of occurrence of these cytoplasmic bodies and the presence of Bence 
Jones proteins in the urine, or the degree of elevation of the serum proteins 

Among the common degenerative changes, so-called, that occur in plasma cells, 
vacuolization was noted often in the myeloma-plasma cells In some instances, 
cells were literally riddled with vacuoles, and in at least two instances the nuclei 
were involved as well An effort to stain such nuclear vacuoles with amyloid stains 
met with negative results in a recent case in which this was attempted Appreciable 
vacuolization was noticed in more chan half of the cases ( 2 .^ of 51) Russell bodies 
(fig 6) were not as numerous, however, even in those cases in which they were 
seen, although there were two instances in which this was not so They were ob- 
served in II cases altogether, a trifle more than a fifth It may be mentioned in pass- 
ing that as recently as 1937,^^® it was stated that Russell bodies had not been dem- 
onstrated in the myeloma cell 

As might be expected, rouleaux formation in the sternal marrow aspiration was 
noted with approximately the same frequency as it was in the peripheral blood, 78 
per cent 

An attempt was made to correlate the cytologic findings with the presence of 
Bence Jones proteins in the urine, according to Hertzog and Schleicher’s method,^®® 
or any other that might suggest itself No consistent cytologic property was noted, 
the occurrence of Russell bodies was without significance, as was the presence of 
vacuoles, or cytoplasmic extrusions The state of cellular differentiation likewise 
was immaterial 

Schleicher^”® suggested that during the phase of growth” in which the cells 
are uniform in size and the cytoplasm stains deep blue no Bence Jones protein will 
appear in the urine On this basis he correctly predicted that Bence Jones proteins 
would be absent from the urine in a case described ‘ ‘When the cells secrete globu- 
lins they become larger and vary in size The cytoplasm appears to be vacuolated 
and stains irregularly ’ ’ Disappointingly, in several of our most monotonously uni- 
form cases Bence Jones proteinuria occurred as it did in the case with the clearest, 
bluest cytoplasm Conversely in some of the cases with large, pleomorphic cells 
with deep, irregularly staining and vacuolated cytoplasm, Bence Jones proteinuria 
was not present Hence it has been impossible at present to duplicate Hertzog and 
Schleicher’s results 


CELL TYPE 

Myeloma-plasma cells were seen m every case, now totaling 71, without fail and 
consequently a diagnosis of plasma cell myeloma was made in each instance There 
were no exceptions However, it should be noted carefully that the myeloma- 
plasma cell was not the predominant marrow cell in every case In fact, it was not 
the predominant cell in more than a quarter, or 13, of the cases Lymphocytes were 
present in equal or greater numbers in ii of these 13 cases f igure 4 shows the char- 
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P y , hiJc only z 5 per cent were mjeloma cells 


I . n 



Fig 7 FncED Tissue Section from Bone Maerow Same Case as Fig z 



Fig S T\pical m)cloma-plasma cells from a case interpreted as Hodgkin s disease on the basts of 
examination of fixed tissue (X S50) 

Of these, 39 of the too myeloma cells enumerated had nucJcoii This patient was a 
nan, aged 50, who had suffered from low back pain a‘sociared with progressue 
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weakness and paralysis of his legs for a year prior to his admission to the clinic 
Osteolytic lesions were noted in the roentgenograms of his thorax, thoracic and 



Fig 5 Binucleate Myeloma Cell in Sternal Marrow (X i,cxx>) 


<7 





* 




Fig ioT)pical m)clonia cell from marrow, same case as figures 9 and ii through 16 Prominent, 
single nucleolus (X 1,100) 


lumbar segments of the spinal column, pelvis and femora with compression of the 
eleventh and nvelfth thoracic vertebrae No test of his urine for Bence Jones pro- 
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Fig II More mature myeloma cell shows dehnite plasma cell characteristics now Shovel 
nucleolus still can be made out at the 5 o clock position (X i 


\ 



1 ^ ^ V _ _ - 

[ ___ _ _ and sl^cinlil^c. 

Fig ir 0:11 verj suggests e of rcnculo-cndothchal cell ^ -yjjcotoplasm is p^Ic 

there is no blocking of chromatin nor ant etident tendency to con cn p^^ip era 

outline of a large nucleolus mat be seen This and the following three fibres (X i.ooo) 

blood of the patient whose sternal marrow was illustrated in t c pre 

Cm pcrioocc of scrum and 

tcins was made The concentration of protein was lo four months Htcr 

ilbumin-globulin ratio was I 39 The patient die at ° eloma-plasmi 

In 4” of the II cases mentioned, the hmphoc}tes cxcc 
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cells by less than 5 per cent, which actually means that they occurred with approxi- 
mately equal frequency in these cases In the other 2 . of the 13 cases, nucleated eryth- 
rocytes were present in numbers approximately three times as great as that of any 
other cell In these z cases, characteristic myeloma-plasma cells were present to the 
extent of 16 5 per cent and qz 5 per cent of the leukocyte line 

The implications of this in the examination of fixed tissue should be apparent, 
namely, the possibility of designating the case as one of lymphocytic, erythro- 
blastic, or myelocytic myeloma (here the oxidase reaction would be positive) on 
the basis of the predominant cell type 

Another of the hazards of tissue diagnosis is exemplified by the following case 
A man sixty-five years old presented himself at the clinic with a three week history 
of back pain which he first noticed after climbing a fence Rapid progression and 
deterioration ensued until the patient was disabled by his pain at the time of ad- 
mission, )ust three weeks after its onset He had been “completely well” prior to 
that time An intensely tender tumor was noted medially in his right clavicle and 
rocntgenographic examinations of his skull, thorax, and spinal column revealed 
multiple discrete osteolytic lesions Bence Jones proteins were noted in his urine 
His serum proteins were normal and the concentration of urea was no mg per 100 
cc of blood He died at home within the following week 

Examination of sternal marrow smears from this patient showed an extreme de- 
gree of pleomorphism (fig z) Eighty-five per cent of the myeloma cells present 
were immature or poorly differentiated and virtually all contained nucleoli Al- 
though the more differentiated cells (15 per cent) in the smear (fig 2 . 0 ) clearly 
established the identity of these cells, sections of tissue secured at the time of sternal 
aspiration would have been called myeloblastic” (fig 7), ff, indeed, a diagnosis 
of multiple myeloma had been sustained at all 

More recently a 48 year old man appeared at the clinic with a four month history 
of thoracic and back pam, and severe anemia His liver was enlarged and he had 
axillary adenopathy On roentgenography his skull, ribs and spinal column were 
observed to be involved with multiple punched-out osteolytic lesions The concen- 
tration of hemoglobin was 435 Gm per 100 cc of blood, erythrocytes numbered 
1,390,000 and leukocytes 3,800 per cubic millimeter Excessive rouleaux formation 
and promyelocytes were seen in smears of his peripheral blood 

Albuminuria was graded z to 3 (on the basis of i to 4, in which i designates the 
mildest and 4 the most severe condition), but the urine was negative for Bence 
Jones protein on two occasions The erythrocyte sedimentation rate was lyz mm 
in an hour (modified Westergren) and the total proteins were 9 z Gm per 100 cc 
of serum He had an albumin-globulin ratio of i i 51, and a concentration of urea 
of 8z mg per 100 cc of blood 

Sternal aspiration revealed a typical plasma cell myeloma of a poorly differenti- 
ated type with 30 5 per cent of myeloma-plasma cells with z 5 per cent multinucle- 
ated (fig S) However, at necropsy, the examination of the fixed tissues presented a 
picture which was interpreted b) the pathologist as being that of Hodgkin’s dis- 
ease, including a heavy reticulum and Dorotha Reed or Sternberg-Reed cells 
(that IS, mulnnuclcated cells with nvo or three nuclei) 
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It may be seen, then, that though the degree of plasma-cellular diifercntiation 
may vary strikingly between cases and even within cases, a strong bond of cytologic 
similarity exists between all cases, and the transition from cell to cell can be ob- 
served to proceed through scarcely perceptible gradations Three importsac pitfalls 
to proper diagnosis were recognized (i) immaturity, (l) multinuclear plasma- 
giant cells, and lack of preponderance of myeloma cells m some cases 

HISTOGENESIS 

One looks to the more differentiated cells in a tumor to indicate its destination, 
and to the least differentiated cells to reveal its origin In the immature myeloma 
cell, a granular, finely reticular (leptochromatic}, skeinhkc chromatin is frequentl} 
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Fig 13 Here is a cell almost idcnucal with that in figure li ^Mth two important 
nuclear pattern is becoming hcaMcr, and (i) a tendency toward condensation o 
gested A large nucleolus is readilj seen (X 1,000) 


encountered In certain cases ffig 4), seen even in the late phases, it 
apparent This in itself would seem to be strong support for the 
the myeloma cell is derived from the reticulum, as has been so often sta 

and noted earlier in this paper following case 

Further strengthening this conclusion are the findings in t c spring of 

which I believe is, in many ways, unique When first examine , osec- 

1940, the patient, a woman 60 years old, had moderate roentgeno- 

olytic lesions in her skull and extremities (the only regions o ' ^ proteinuria, 
grams were taken), repeatedly positive reactions for j picrurc of 

albuminuria, grade 4, moderately severe anemia and the perip era 
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leukemia A sternal aspiration at that time showed ii 5 per cent of characteristic 
myeloma-plasma cells (figs 9, 10 and ii), and a diagnosis of multiple myeloma was 
made A review of the peripheral blood smear taken at that time shows character- 
istic myeloma cells present as well as myeloid immaturity (leukemoid reaction) 
Subsequently, however, the patient’s liver was found to "fill her whole abdomen" 
and the peripheral blood contained many cells almost indistinguishable from (if, 
in fact, they were not) reticulo-endothelial cells These final developments were so 
marked as to cause the clinician to change the final diagnosis to reticulo-endotheli- 
osis 

Repeated careful reviews of all the slides made on this case from the marrow and 
peripheral blood emphasize that myeloma-plasma cells were present from the start 



Fig 14 Here the trend becomes more pronounced Three definite areas of condensation of chromatin 
arc visible in the nucleus Note also that the cytoplasm is darker and contains vacuoles CX i,ooo) 

to the finish and that an imperceptible transition existed between the most reticu- 
lar cell, the completely characteristic myeloma cell (figs ix to 16) and the wcll- 
diffcrentiated (though atypical) plasma cell Clinically, this case fitted best a diag- 
nosis of multiple myeloma in a ‘ plasma cell leukemia’ phase Histologically, the 
suggestion was almost inescapable that this was a multiple myeloma, that multiple 
myeloma arose from the reticulo-endothclial cell and that here, in a profound in- 
stance of such a disturbance, in which the marrow elements were being liberated 
into the peripheral blood, the almost completely undifferentiated reticulo-endothe- 
lial cell Itself was finding its way into the circulation along with its more differen- 
tiated counterpart, the myeloma-plasma cell No other explanation so well satisfies 
the known facts about multiple myeloma, the experimental studies on the origin 
of the plasma cell and the very unusual findings in the case mentioned 
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ESTIMATION OT DEGREE OF MALIGNANCl 

With the methods used, it was observed that those cases in which there was a 
marked degree of pleomorphism, often associated with frequent mitoses and not- 
able immaturity, bore the poorest prognosis Ten cases fell into this category None 
of the patients in this group survived longer than twelve months after the onset of 
symptoms and the mean was 6 3 months The patient who survived the longest in 
this group, twelve months, had the most uniform picture, despite the high per- 
centage of myeloma cells present and the reticular, leptochromatic character of the 
nucleus (fig 4) in almost all of the cells The case of the 65 year old man previous!} 
described (fig x) most strikingly portrays this group The total duration of this 



Fio 15 More clumping of chromatin is seen here and the cell no longer resemble 
thclial cell CX 1,000) 

patient s disease from the onset of symptoms was ore month and bis 

most anaplastic and pleomorphic ture-appe^r- 

At the other end of the scale were the 7 cases in which uniform, ma 
mg plasma cells comprised almost the entire number of myeloma cc ^ ^ 

per cent or more Of the 7 patients, 3 died at the end of from at the 

seventy-one months, respectively, and 4 were living when last ea 
end of twenty-four, twenty-six, eighty-eight and sixty-seven rears of 

Typical, perhaps, of this group of patients is the case o a lower 

age, who was first seen in 1941, seven months after the onset o multiple 

part of her back She had a palpable liver Roentgenograms r ^ spinal 

punched-out osteolytic areas in her skull with osteoporosis j^^^rmincd 

column Bence Jones proteinuria was present Serum proteins w „ per iod 

She w'as moderatel} anemic, the concentration of hemoglobin cm 
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cc of blood and erythrocytes numbering 3,410,000 per cubic millimeter of blood, 
and she had mild leukocytosis, the leukocytes numbering 11,300 per cubic milli- 
meter of blood There was albuminuria, grade 3 (on the basis of i to 4, in which i 
designates the mildest and 4 the most severe condition) and a concentration of urea 
of 38 mg per 100 cc of blood 

The patient’s only treatment consisted of orally and parenterally administered 
calcium salts prescribed by her veterinarian brother Two years later she wrote 
that she felt better than she had in ten years and was mowing her own lawn 
When heard from in 1945, fifty-eight months after the onset of her illness, she was 
hospitalized for a pathologic fracture of her left hip She had had no treatment 
whatsoever in the preceding two years She was last heard from in April, 1948, 
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Fig 16 At this point a moderately wcll'diffcrcntiatcd myeloma-plasma cell emerges It will be noted 
that there has been a gradual loss of cytoplasm, but in each instance the nucleus has tended to remain 
eccentric (X 1,000) 

eighty-eight months after the onset of her illness, and was still feeling fairly well 
Ninety-nine per cent of this patient’s myeloma-plasma cells were considered to be 
mature (fig i) 

Of the remaining patients, 2. could not be traced and 2. were still living The dura- 
tion from the onset of symptoms regarded as referable to the disease varied from five 
to forty-four months As was anticipated, the trend was toward a longer survival 
among those patients in whom the greater number of myeloma cells was mature 
Of this intermediate group of patients, the following case history is probably most 
illustrative 

A man, 45 \ ears old, was first seen at the clinic in February, 1945, with a history 
of anemia and weakness of one and a half years duration For the preceding si\ 
months he had manifested a marked tendenev to bleed from his nose, gums, and 
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plasma cells Duration in years 

a Immature plasma 

cells ■ Dead 

G3 Nature plasma cells ° Living 

Fig 17 The column at the left represents a differential count of one hundred myeloma cells on each 
case followed for at least a y ear The bars immediately to the right indicate the duration of the disease in 
the corresponding case from the onset of symptoms 


Table 3 —Condttton at Last Kef art A Summ ap of the Survivals amtnj, those Patients Depicted ri Figure 77 

I Grade 3 


Survival from 
onset, jears 


0- I 

1- i 

i-3 

3- 4 

4- 5 

5- 6 


Total 


Grade 1* 


LiMng 


Dead 


Grade 2 


Living 


a-t 

I 

I 


Dead 


Ln mg 


4 

II 

5 

z 


Dead 

9 

I 


zz 


♦ Graded i to 3 on the basis of i being the least malignant and 3 being the mo t g 
f Untraced 
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lacerations of his skin Osteolytic lesions were demonstrated in his roentgeno- 
grams Bence Jones proteins were found in his urine and his total serum proteins 
were ii 8 Gm per 100 cc of serum with an albumin-globulin ratio of i x 19 The 
erythrocyte sedimentation rate (modified Westergren method) was 15 1 mm at the 
end of an hour Stem cells were occasionally seen in smears of the peripheral blood 
and there was excessive rouleaux formation 
The patient had no treatment other than local radium applications for severe 
epistaxis and died ten months later Thirty-six per cent of the myeloma cells were 
of the moderately immature type, and the other 64 per cent were rather well differ- 
entiated 

All of the foregoing cases are summarized in table 3, and the duration of the dis- 
ease in each case is graphically portrayed in figure 17 
It will be observed that several patients of the last-mentioned intermediate group 
lived only a very short time after the onset of symptoms Since it is perfectly obvi- 
ous that the onset of symptoms and the onset of the pathologic process in this dis- 
ease do not correspond, it was not surprising to note some lack of correlation, and 
It was in this area that the value of the method used was most limited It may also 
be mentioned, though this too, should be apparent, that the discrepancy between 
the onset of the disease and the onset of the initial symptom is not a constant 
However, as will be noted from figure 17, the differential cytologic picture does 
bear a rather significant relationship to the expected duration of the disease in the 
group as a whole 


Summary and Conclusions 

Generalizing, it can be said that the pathologic cells seen in smears of the bone 
marrow in multiple myeloma resemble the plasma cell and vary from the very ana- 
plastic and immature cell to the well-differentiated and almost characteristic 
plasma cell 

The feature which the ‘myeloma” cell shares with the plasma cell is the abun- 
dant, granular, basophilic cytoplasm which tends to be fragile and undergo the 
same degenerative changes in each, namely, the formation of Russell bodies and 
vacuolization Fairly frequently a perinuclear clear area or Hof is present and the 
nucleus tends to be eccentrically placed Cytoplasmic extensions or pseudopodia 
may also be seen in either case, but they occur more often and more dramatically in 
instances of multiple myeloma Multinucleatcd cells are commonly seen 
In addition, myeloma-plasma cells will often have a large clear nucleolus and a 
Icptochromatic nucleus and will exhibit a tendency to the formation of isolated 
areas of condensed chromatin Cytoplasmic extrusions, free cytoplasmic bodies, oc- 
casional!) complete with Russell bodies and vacuoles are almost universally pres- 
ent 

All cases were of the plasma cell t)pe, there was no exception In these cases, the 
nncloma-plasma cell constituted from x 5 to 96 per cent of the leukocytic elements 
present The opinion was expressed that all so-called t)pes of multiple myeloma 
arc merch \ ariations in differentiation of this same cell 
It vas noted that anaplasia, h\ pernuclcation and lack of plasma cell predomi- 
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nance in certain cases were diagnostic pitfalls Additional evidence was adduced to 
confirm the reticulo-endothelial origin of the myeloma-plasma cell It was further 
observed that certain prognostically valuable information could be gleaned from i 
careful review of the cytologic characteristics in these cases 
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UNUSUAL REMISSION AFTER RADIOPHOSPHORUS THERAPY IN A 
CASE OF “ACUTE PLASMA CELL LEUKEMIA” 


By Edwin D Bayrd, M D , and Byron E Hall, M D 

T he designation, acute plasma cell leukemia,” has been used in this 
case for descriptive purposes and is not intended to convey the impression that 
we conceive of plasma cell leukemia as an independent process apart from the 
myelomas Our experience with this disease and that of others have led us to agree 
with Patek and Castle^ that plasma cell leukemia merely represents a phase or ex- 
tension of multiple myeloma The reasons for this have been stated in detail pre- 
viously ^ No attempt will be made at this time to review the literature on this 
subject Two recent articles ^ ‘‘ on plasma cell leukemia have brought the litera- 
ture up to date and any report from us would be incomplete without an analysis 
of the other cases from the Mayo Clinic which will be attempted in the future 
However, it should be mentioned that cases in which the leukemic aspects of the 
disease predominate are exceedingly unusual (reported in only four instances with- 
out roentgenographically evident lesions of bone) and, so far as we know, a re- 
mission in such cases has heretofore been unrecorded 

From the Division of Medicine, Mayo Clinic, Rochester, Minnesota 

Report of a Case 

A 59 year old barber of Italian extraction was admitted to the clinic on Jan 7, 1946 He gave a history 
of dizziness, thoracic pain and progressive weakness of two months duration Three or four weeks before 
admission a distressing cough and rapid enlargement of cervical and axillarj lymph nodes developed 
At the time of admission the patient was too weak to dress himself, was markedly dyspncic at rest, 
and was racked by coughing 

On physical examination, pallor and moderate to notable enlargement of the cervical, supraclavicular, 
axillary, cpitrochlear, inguinal, and femoral nodes were observed Basal rales and hepatosplenomegaly 
"cre noted The liter and spleen were firm and extended below the costal margin about 8 cm By per- 
cussion It was deterrmned that the mediastinum was widened The blood pressure as iix mm of mercury 
systolic, and 68 mm diastolic The pulse rate was 96 beats per minute and the temperature was 98° F 
Special smears of the peripheral blood revealed the presence of 41 5 to 48 per cent of plasma cells 
(fig i) Results of the other laboratory examinations of the blood are given in table i The bleeding time 
(Duke s method) t\as more than a half hour, and the coagulation time was six minutes Clot retraction 
did not occur in twent)-four hours The sedimentation rate of cr)throc)tes was izo mm in an hour 
(modified Westergren method), the concentration of scrum proteins was 96 Gm per 100 cc and the 
ilbumin-globulin ratio was i 3 74 The laluc for scrum calcium was 8 i rag per 100 cc , for scrum phos- 
phorus, 3 6 mg per 100 cc , and for alkaline phosphatase, i 5 Bodansk) units per 100 cc of scrum 
Urinal) sis reicalcd high grade albuminuria, Bence Jones proteinuria, occasional cr\ throct tes, and 
granular and h\ aline casts 

Roentgenograms of the patient s skull, ribs, spinal column, peh is, and right femur rc\ ealcd no osseous 
abnormalities The parcnchima of the lung was considered to be infiltrated diffuseh, but the condition 
could not be distinguished roentgenographicalli from passiic congestion A biopsi of a ccriical hmph 
node reicalcd, according to the pathologist, Li mphoblastoma containing plasma cells and eiidencc of 
mioliement of the blood lesscls 'Itipical micloma with features of hmphosarcoma and leukemia 
Results of examination of material obtained b\ sternal aspiration were considered to be diagnostic of 
multiple nn cloma (hi; x and table 1) 
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UNUSUAL REMISSION AFTER RADIOPHOSPHORUS THERAPY 


The patient was hospitalized upon admission and remained m the hospital during the follouinc forti- 

n:?: 'T -•»- of 

Ly p^cq,ablc .m^ovZf™ '■"Po 








til 


Fio I Smear of peripheral blood in January, i ^6 Plasma cell leukoc) tosis and increased rouleau 
formation are apparent (Wright s stain, X640) 


Table i — Results of Examatatton of the Peripheral Blood 



Jan 7 , 1946 

Jan 23, 1046 

1 Sept 23 , 1947 

Hemoglobin, Gm per too cc of blood 

10 9 

6 8 1 

14 I 

Erythrocytes, per cu mm of blood 

3,62.0,000 

1,140,000 ' 

4,310,000 

Lcukoc) tes, per cu mm of blood 

15,600 

43.400 

5,100 

L} mphocytes, per cent 

17 5 

7 0 ' 

48 0 

Monocytes, per cent 

1 5 j 

4 5 ' 

6 0 

Neutrophils, per cent 

37 0 1 

3 ^ 5 

45 0 

Eosinophils, per cent 

* I 0 J 

0 

I 0 

Basophils, per cent 

0 

0 

0 

Metamycloc) tes, per cent 

0 

1 5 

0 

M) clocytes, per cent 

0 5 

3 5 

0 

Prom) eloc) tes, per cent 

I 0 

7 - 5 

0 

Plasma cells, per cent 

4 ^ 5 ( 

48 0 

0 

Platelets, per cu mm of blood j 

J 

§ 

1 0 

1 

1 

111,000 


The patient's condition greiv progressneh ^sorse until, at the end of the scscntccnth dai , it appeared 
to be in Its terminal stage His temperature was 104 F , pulse rate. 108, and rcspiraton rate, iS An m 
dwelling catheter was inserted because he could not sold, he was incontinent of feces A bed sore ' 
dc\ eloping and blood was oozing from his gums He was dross's! and deaf (this had appeared ssithm 
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UNUSUAL REMISSION AFTER RADIOPHOSPHORUS THERAPY 


The patient lay quietly m bed, with his c>cs closed, occasional mnching of his hands and arms %\as 
noted and he responded m only a tshispcr when spoken to All reflexes tserc diminished His abdomen uas 
distended and his mouth was dry Noisy bubbling rales obscured auscultation His spleen was markedh 
enlarged Examination of the blood was carried out and results are given in table i Penicillin, more blood 
and more radiophosphorus were given in the ensuing few daj's 

A little more than three weeks after this seemingly terminal episode the cervical nodes were estimated 
to be 30 per cent smaller, the lungs seemed clearer, and the spleen was about 2.3 per cent smaller The 
number of plasma cells in the peripheral blood was markedly reduced, and the leukocyte count had 
dropped to 6,600 Howev'er, the crythroc3'-tes numbered only 3,100,000 per cubic millimeter and the value 
for hemoglobin was only 7 i Gm per too cc 

On Feb Z3, fort3f-cight days after his admission to the clinic, it was felt that the patient had recovered 
sufficient!) to go home 




Fig 3 Smear of the peripheral blood in September, 1947 It is apparent that there arc no longer leiiko 
C) tosis, rouleau formation or plasma cells The 1 ) raphoc) tes and neutrophils are present in approximaicl) 
equal numbers (Wright s stain, X640) 

In the course of his sta) at the clinic, he had received i 770,000 units of penicillin, 3,000 cc of whole 
blood and biwceki) intravenous injections of radiophosphorus, The total dose of radiophosphoriu 
was 6,133 microcurics 

The patient returned for a rechcck on Sept ix, 1947 The following information was obtaine a our 
the interval before his return He had remained in a hospital elsewhere for three more weeks after hrv 
dismissal here and then graduall) had become ambulatorv He had rccciv ed 300 cc of w hole blood tw ice 

the second transfusion was in April, 1946 Graduall) his strength returned, his thoracicpainsubsi c ,an 

b) Oct 1946, he bad returned to his work on a part-time basis He had worked dailv until the time 1 
his second visit to the clinic and he stated that he was continuing to feel stronger and sirom;^ 

At that time his color was excellent Lvmph nodes, liver and spleen were not palpable 

pressure was 130 ram of mcrcur) sv stolic, and 70 mm diastolic, and results of general pbvsica eta 

‘"’i:::. of .s, p=„ph„.. b,ooi r;-;; 

cells, merel) mild Ivmphocv tosis (fig 3) Results of some of the laboratorj examinations are g - 
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uWe<. 1 1 The \a 1 «c for ^crum piotcm w rv ( Oin per ioi ct mJ rhe allnimin j;lolnilin ratio \\i<. 

19 I Tlic crvihrocMc '•aliment It ion rate \M\ 35 itini in in lioiir (nioililicJ Wc^erpren nictiioi!) Urin- 
wa*. earned out twKC and ic'iilt'. were cntiicK nc/ati\e Rociitrcnoprtin'. of Ins skull, rihs and 
right shoulder showed no osseous ahnotiinlnics and the roenii,cnograiii of Ins ihora\ did not rcacal am 
abnormal condition 







V- 


Fio ^ Tlic bone inarros at the time of the patient s last admission shows an esscntnlh normal spread 
of cells with acme cr) tliropoicsis, i 3 [ser cent of normal appearing plasnia cells arc present (Wright s 
stain, X640) 


Tmiii 3 — Results of Vurtous T \itmiii<sitoiis 


Jnnuara , lyifi 


Scpttmber, 1917 


Hemoglobin, Gm per too a. of blood 
Er) throc) tes, per cu mm of blood 
Leukoc} tes, per cu mm of blood 
Plasma cells, per cent 

Sedimentation rate, millimeters in one hour 

Blood urea, mg per too cc 

Serum protein, Gm per too cc 

AJbumin-giobulin ratio 

Serum calcium, mg per too cc 

Scrum phosphorus, mg per too cc 

Albuminuria, grade f 

Bence Jones proteinuria 

Roentgenologic examination of bonc> 

Examination of sternal marroav 


6 1* 

1,050,000* 
43,400* 
48* 
12.0 
54 
9 6 
1 5 74 

8 I 
3 6 
3 

Present 

Negative 

Diagnostic 


14 I 

4,510,000 

5,100 

0 

35 

16 

6 9 

1 9 I 
9 6 

2- 9 
o 

Absent 
Negative 
Not diagnostic 


* These arc the most extreme values found in the course of the patient s first visit 
t On a grading basis of 1 to 4 in which i represents the least and 4 the most severe condmon 
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Examination of the sternal marrow (fig 4 and table x) revealed no evidence of his disease As a mat 
ter of fact, no evidence was found in the course of his whole re-e\amination The laboratory findings ob 
tamed m the course of his two visits to the clinic arc given in table 3 for comparison 

Comment 

We were at no time prepared for such a startling and unprecedented turn of events 
Remission, spontaneous or induced, has not been recorded previously to our knowl- 
edge, hence, despite the consistently discouraging results from the use of radio 
phosphorus in multiple myeloma generally, its use in this case is brought into 
sharp focus Its possible value in similar instances is suggested and it is hoped that 
further experience with radiophosphorus in the treatment of this disease will 
properly define its usefulness as a therapeutic agent 
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UARTONELLA UAULUrORMlS ANEMIA (OROYA rE\'ER) 

A S^u»^ ()i Tiukt^ Casi^ 

Ih WiniAM E RicKrrrs, M D 
In uuinuciJON 

A SEVERE Tncnin wns iiotitcil in workers si itionci.! in certain lotali/tcl areas 
along the deep riser villcss in KS70 during the eonstriierion of 1 railroad to 
Orosa, a Perus’nn cit^ loe itcd in the Andes This fehrilc .ineinia, called Oroya 
fever,” ss'is thought to he a newdiseise In 1SS5, Daniel A Carrion, i Peruvian 
medical student, desclojsed a f ual ineinia with the eharacteristies of Oro) a lever, 
tsventt-onc dass after self inoculation with Mood obtained from a s'errucous 
node of the skin of a patient with ^'erruga perns lana This pros'cd that the 
anemia ss’as an initial stage of the latter Thus the name of Carrion s disease’ has 
honored the Peruvian marts r 

Since the ctiologic agent of the disease svas not knosvn during the last century 
and part of the first decade of the present, evcellent clinical descriptions of the dis- 
ease* undoubtedly included cases complicated by intercurrent infections A pleo- 
morphic bacilliform organism svas discos'cred b) the Peruvian physician, Alberto 
Barton, in 1909,” to be the pathogenic agent of the disease 
The purpose of this paper is to anal)/e the clinical and hematologic character- 
istics of a senes of 30 cases of anemia svith bartonella bacilliformis present in the 
circulating erythrocytes, an entity herein referred to as bartonella bacilliformis 
anemia This study ss\as made in Lima, Peru, from 1938 to 1943 

Bartonllla Bachlliiormis Anlmia 

Bartonella bacilliformis anemia (Oroya fever) is a febrile hemolytic anemia with 
bartonellae parasitizing the erythrocytes This is an infrequent clinical manifesta- 
tion of the invasive stage of Carrion’s disease It is interesting to notice that in areas 
where the disease is endemic and where most of the natives have had the disease, 
few are thought to have had the anemia At present, however, there is no statistical 
report available from these endemic areas indicating the exact incidence of bar- 
tonella bacilliformis anemia in Carrion's disease 'Oroya fever,” Grave fever of 
Carnbn'’ are synonyms for this anemia, the most used, Oroya fever, is inappropriate 
as the bartonella infection does not occur in the Peruvian city of Oroya 
It has distinguishing clinical and hematologic features and develops so rapidly 
that It can be compared only with the anemia occurring in an acute hemorrhage 
This anemia occurs irrespective of age, sex or race Before the onset of the disease 
the patients of these series were all healthy, well nourished, young individuals 
with nothing suggesting a deficient individual resistance 

From the Department of Medicine, San Marcos Unnersity, Lima, Peru 
* Now at the Frank Billings Medical Clinic, Department of Medicine, University of Chicago 
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The physical findings in the patients with severe anemia are rather dramatic and 
almost pathognomonic They are deeply apathetic and have a peculiar discolora- 
tion of the skin and sclerae due to the combination of slight icterus with very severe 
anemia The conjiuictivae and the matrix of the nails are almost colorless and the 
ears almost transparent The cardiovascular signs consist of tachycardia, soft hemic 
murmurs of varied intensity heard over the entire precordium, synchronously there 
are suprasternal, epigastric, carotid pulsations, the blood pressure is moderatcl} 
hypotensive and occasionally there is peripheral collapse Dyspnea is very unusual 
in anemic cases without intercurrent infections, even with erythrocyte counts be- 
low one million, contradicting previous reports, ^ cases with some mtercur- 

rent infection, especially salmonellosis, it is a constant finding J'* Cough and ex- 
pectoration with rhonchi and rales on physical examination early in the disease 
may simulate a primary upper respiratory infection Cheyne-Stokcs respiration has 
been described ® This occurred only in the complicated cases of the present senes 
Headache, vertigo, restlessness and drowsiness, tinnitus, insomnia and occasionally 
angina pectoris are symptoms dependent on the intensity of the anemia Patients 
often complain of a feeling of transmitted cardiac beating to the head and ears 
‘ The patient hears his murmurs,” said Odriozola ^ 

Thirst and anorexia are common features The tongue is usually dry with a coffee- 
brown coating In the early stages of the anemia, profuse sweating may occur but 
later the skin becomes very dry, a significant point in the differentiation from ma- 
laria There is a generalized lymph adenopathy with nontender lymph nodes, of 
5 to 15 mm , without panadenitis Enlarged lymph nodes occurred in all except 
three fatal cases Enlargement of the spleen which has been described as a con- 
stant finding,^ ® ® appeared only in the cases with intercurrent infections of this 
series, thus confirming a previous report ^ The liver was moderately enlarged m 
only X of the 15 noncomplicated cases 

Observations on the course and type of fever in the past have been varied and 
even contradictory 8 6 9 2 6 10-13 Often after a variable onset with or 

without chills, the temperature fluctuates between 37 5 and 38 5 C , but it may be 
higher or lower, and occasionally patients with severe anemia run an almost 
afebrile course The severity of the anemia does not parallel the intensity of the 
fever Intermittent fever- ® is usually due to concurrent malaria Odriozola 
observed that in many cases there was later a marked elevation of temperature, 
which he interpreted as prodromal to a second outbreak or hyperthermic 
course This elevation of temperature has been found^^ to be associated vicb 


intcrcurrent infection, usually due to Salmonellac organisms 

Petechial hemorrhages in the skin are not uncommon This is mcnrioncd in f c 
first descriptions of the disease and occurred in the martyr Cam6n himsc 
The pinpoint hemorrhages xvere originally thought to be produced by the begin 
ning eruption of verrucae- and the epistaxis supposedly produced by vcrrucac m t c 
mucosa of the nose This explanation is not satisfactory, for most of the cases u it 
epistaxis occur during the initial stage of the disease when verrugae arc nor seen 
Malo^® first made this differentiation between the petcchiac and the pinpoin 
verrugae in the skin The author demonstrated in a previous study that cases xvi 
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Table lA — Bartonella Bactlltformts Antmta Uncomplicated Cases 
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Fio I 


^ Massnc parasitism of crjthrocj tcs 

Bartonellae arc present on the red cells, and outside the cells Tv.o erjthroblasts 
arc also seen X ^ Giemsa stain 

rods .n a Y, V. or cha.n 

polar rnlargement ‘ These organisms are well stamed b, .he Ma, 
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Giemsa method or by any of the modifications of the Romanowski method (fig i) 
The relation of the Bartonellae to the red cells has been a controversial point 
Modern studies''® tend to indicate that the bartonellae arc not located within the 
red cells, but arc rather superimposed on thcni 
While leukocytosis has been described in fhis anemia,®® - others have re- 
ported a normal leukocytic count'^ or even a tendency to a leukopenia ®® 
It seems from this studj that the leukocyte count vanes in each case, and in the 
same patient during the course of the disease Slight leukocytosis is not uncom- 
mon, but marked Icukoc) tosis in cases without intcrcurrcnt infections is extremely 
rare This occurred, however, in Case jx (table iB) with a leukocyte count of 



Case I Parallelism between the symptoms and the temperature and pulse in a case of Bartonella 
bacilliformis anemia The solid blocks represent a marked sevcrit)- of the symptoms, the lines indicate 
a lesser degree of seventy (the greater the distance between lines, the less marked are the complaints), 
the empty blocks represent absence of symptoms 

3o,i£o A very frequent finding is a shift to the left characterized by the presence 
of myeloblasts, myelocytes, and metamyelocytes Eosinophilia existed in only 
one case where ascaris lumbrico.des was demonstrated in the stools The leukocyte 
count appears to be of value as an index to the course of the Bartonella infection 
and in detecting intercurrent infections 
Cases I, z and 3 which follow illustrate severe Bartonella bacilliformis anemia 

Case 1 QFt^s 2, } and 4) 

A V , a 17 year old Indian laborer, after living for six weeks in an area where Carri6n s disease is 
endemic, developed in the first few days of July, 1938, a general feeling of malaise, fever, profuse sweat 
mg, pains in the bones of the hands and feet, shortness of breath on exertion and prccordial pain He was 
admitted to the hospital in Dma on July 17, 1938, m ^ood general nutrition, appearing anemic and 
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slightly icteric There were abnorinally intense carotid arterial pulsations synchronous iiith the pulse, 
and functional hemic murmurs over all areas of the heart, the blood pressure was 110/50, the pulse 120 
per minute, and the respirations were accelerated and very shallow The patient rapidlj became con 
fused, had psychomotor exatability, the anemia increased and the fever continued between 37 and 38 1 
C He complained of occipital headache, precordial oppression and insomnia, epistaxis occurred on 
several occasions On July xi, 1938, the erythrocyte count ^totaled only o 575 million per cu mm , 
the hemoglobin was 3 3 grams pier cent and the leukocytes 7,600 There was a macrocytosis of 198 1 
cubic microns and 461 normoblasts pier 100 leukocytes The red cells showed marked anisocytosis, poiki 
locytosis and piolichromasia ivith many bartonella bacilliformis The Wassermann and Kahn reactions 
were strongly pxisinve The symptoms continued unchanged until July a8 On that day, no bartonellac 



Fig 3 

Case I Critical and recover) phases of Bartonella baalliformis anemia, ^ 

of the red cells, hemoglobin and hematocrit after the disappearance of the a 

At the top, in the bars representing Bartonella in red cells, and h— ^ d. 

heal) concentration of Bartonella bacilliformis, gradually widening spaces in P g 

minishuig number of Bartonella bacilliformis 

were p.e.eo. m the erj.hroej.es On Jul, ej, .be jener.l cond.r.on of .he 

.nsonm. dol...on, dor.ng .be eghr, he bed re, ere ep..n.«,s „..b “ ''' “PP me p.o® 

blood, .he plarete numbered 80,000, .be red cell, demee.ed ° ° f J. The.cmf- 

remained apa.he..c .n bed and .l.gh. edema of .beejel.d. wa. nonceab I: 

atureroseto 39 C Blood cultures were negame for bacteria other tha .t,. r-. The number of 

the first week of August, his general condition improie^d ^ j ,he patient deseloped » 

admission were considered false These tests later were repeatedly negause 
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This CISC illustrates a severe bartonclla anemia with nearly a half million 
erythrocytes/cu mm , an unusual intensive erythrocytic regeneration and an 
exceptional macrocytosis Nasal bleeding coexisted with thrombocytopenia 
Despite a prompt recovery an unexplained febrile episode followed the disap- 
pearance of bartoncllac from the erythrocytes 

Cast 2 (Figs 5 and 6) 

V C S , a 11 )c-ir old Peruvian rmlc, on April 19, 19^1, was sent for ten da\s to an area where Car- 
ri6n s disease and nialarn are endemic On Jul) i8, he developed mahrn which disappeared after three 
davs of intense antimalaria treatment 



Fio 4 

Cast 1 Mean corpuscular values during the recovery phase of Bartonella bacilliformis anemia showing 
a striking fall in the mean corpuscular volume 

At the top, in the bar representing Bartonclla in red cells, solid black indicates hcavj concentration of 
Bartonclla bacilliformis, gradually widening spaces indicate progressive diminishing number of Bar- 
tonclla bacilliformis 

On November 1, he again developed fever and malaise, preceded by a single chill Mental stupor, 
marked psychomotor excitability and delirium soon developed, the fever being slight and continuous 
On admission (November 8, 1941), the patient was mentally confused and in such a serious condition 
that It was thought he would die shortly There was a very severe ancnia and jaundice, functional 
murmurs were present all over the prccordium, the blood pressure was within normal liimts, the pulse 
was 1X0 and the respirations were regular, 16 per minute Only a few lymph nodes less than i cm in 
diameter were palpated in both axillae The urine was normal The van den Bergh reaction for bilirubin 
was of an indirect type, and the Wassermann and Kahn reactions were negative The red count was 
0785 millions/cu mm with 46 per cent reticulocytes, hemoglobin i 75 grams (Evelyn photocolor- 
imctcr), hematocrit ii 7 per cent, the mean corpuscular volume was 149 9 cubic microns, and icteric 
mdex 15 The white blood count was 13,060, with 58 polimorphonuclear neutrophiles (x myelocytes, 
5 metamyelocytes, 15 filamented and 36 segmented cells) and 41 lymphocytes There were 47 normoblasts 
per 100 leukocytes Pronounced anisocytosis, poikilocytosis and polichromasia were found A very small 
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percentage of erythrocytes contained coccoid bartoncllac After a few days, the existing bartoncllac 
disappeared, the number of erythrocytes increased rapidly, the mean corpuscular values became normal, 
the slight jaundice cleared, the mental symptoms improved and the fever disappeared In the last two 
weeks of December and the first week of January, he had transitory pains in the epiphysis of the long 
bones, in the short bones of the hands and feet and in the kness He had paresthesias, the sensation of 
small worms in the skin Two red spots not larger than a pinpoint were noticed on the skw, cor 
responding probably to vemigae in formaaon No anemia was recorded the day the patient left the 
hospital, January ii, 

This case illustrates a very prompt recovery after a severe barconella bacilli- 
formis anemia 



Case } 

R H , a 7 year old native Peruvian boy, came from a town where Carridn s disease is endemic On 
Mzy iS, 1941, he developed malaise and lack of appetite, however, he continued going to schoo umi^ 
June I His mother noticed that he had fever, had vomited sci cral times and had become anem 
slightly jaundiced Two days before admission he became restless and delirious In \ie\\ o t e ser 
ness of this condition, he was brought to the Children s Hospital in Lima on June 8, 1941 ) 

amination showed a very intense anemia The sclcrae of the eyes were slightlj icteric, t e P“P 
dilated, but reacted well to light He had meningeal signs, rigidity of the neck, maxi aq tris , 

of tendinous reflexes, and bilaterally absent Babinski reflexes The 1 > mph nodes in t cnec '' 

enlarged, the liver was palpated 3 5 cm below the costal margin in right mi o’d,um 

were marked caroud pulsations in the neck, together with functional murmurs a 

The urine was normal On July 8, 1941, the erythrocyte count was o 6 zy million, the ocy 3 > 
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rcticulocj'tcs zo 1 per cent, hemoglobin 1 4 gnms per cent (Evelyn pliotocolonnictcr), hemitocnt 9 81, 
icterus inde\ io, mem corpusculir solumc 13S 33 cubic microns, inein corpusciilir hemoglobin 38 40 
miaomicrograms, mean corpuscular hemoglobin cone 14 vl per cent The difTcrential count was poly- 
morphonuclear neutrophilcs 44 (3 m)cloc} tes, 3 metam)cloc) tes, 13 fihmented forms and ii segmented 
cells), l)mphoc) tes 34 per cent, promt cloc\ tes 1 There were i cr\ throbhst and 64 normoblasts per cent 
There were pronounced anisocj tosis, poikiloc} tosis and polichroniasia Ninct)-si\ per cent of er) thro- 
c)tes contained bartonella bacilliformis and as inanj as 19 bartonellae were present in each red cell 
(fig 1) The patient died onjul) 8, 1941, and no autopsy could be obtained 



Cast 2. Mean corpuscular values in recovery phase of Bartonella baalliformis anemia, demonstrating 
the remarkable change from macrocytosis to normal values 

A massive fatal invasion of bartonella bacilliformis is observed in this child who 
died on the tenth day of the disease with an anemia with nearly one-half million 
red cells almost all parasitized by bartonellae 
Thrombocytopenia occurred in eight cases with purpura and external hemor- 
rhages These hemorrhages were transitory and lasted no more than two weeks, 
being parallel to the drop of the platelet count Fatal Cases 4 and 5 which follow 
illustrate thrombocytopenic purpura occurring m bartonella bacilliformis anemia. 
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Case 4 

A S , an 18 year old farm helper, referred his disease to a traumatic accident on the dorsal surface of 
the right foot, which bled constantly A local physiaan diagnosed gangrene of the foot Careful inter 
fogauon, however, disclosed that this patient had been living for three months in an area where Gr 
ri6n s disease is endemic and three days before receiving the foot wound, he had experienced general 
malaise and fever He conunued to work despite this symptomatology plus polydipsea and anorexia 
After the accident, he noticed purpuric spots in the skm, epistaxis, bleeding of the gums, and a bloody 
discharge through the wound of the foot On March 16, physical examination disclosed a well developed 
and well nourished, slightly jaundiced male, with many purpuric spots in the skin, bleedmg of the gums, 
marked anemia, and petechial hemorrhage in the conjunctiva Lymph nodes, of 5 to 15 mm , were 
palpable in the inguinocrural, axillary, epitrochlear and cervical regions The blood pressure was nor 
mal, the pulse 130 and the respirations 41 per minute Over the first interosseal space on the right foot, 
there was a contusivc wound 1 cm long and i cm deep with irregular borders, surrounded by an cc 
chymotic area of about 4 cm in diameter without signs of inflammation Many other nontrauinauc 
ecchymotic areas were spread over the body, especially on the anterior wall of the thorax Coagulation 
time was thirteen minutes and bleeding time twenty-four minutes Cultures for other bacteria besides 
bartonella bacilliformis were negative The peripheral blood had o 57 red blood cells, 3,500 white blood 
cells and the differential was 56 neutrophiles, a monocytes and 41. lymphocytes There were i orthocro 
matic normoblasts and i plasma cell per 100 white blood cells There was marked anisocytosis, poiLilo- 
cytosis and anisochromia (table lA) There were 50,000 platelets No bartonellae were found in the red 
cells, nevertheless, Carri6n s disease was diagnosed The patient was given coagulants, fluids and anti 
tetanic sera He died on the second day of his admission The gross pathologic diagnoses were terminal 
pulmonary edema, multiple petechial and ecchymouc hemorrhages, ecchymouc wound of the right foot 
and Carri6n s disease The stained smears of the spleen had many bartonella bacilliformis 

This case illustrates a fatal thrombocytopenic purpura during a severe bartonella 
bacilliformis anemia 


Case / 

M H , a 17 year old farm worker, after spending a month in a locality where Carridn s disease is 
endemic, on April 15, 1539, noticed fever, malaise and profuse sweating, symptoms which continued on 
the following days The patient became anemic, slightly jaundiced and was brought into the hospital m 
a very critical condition on April 10, with convulsions, marked mental confusion, followed b) a loss 
of consciousness He appeared to be a well-nourished, weU developed, seriously ill boy with a set) 
marked anemia There were many tiny petechial hemorrhages m the conjunctiva, pulsation of the 
arteries of the neck, functional murmurs over the prccordium, and a shght yellow discoloration of the 
skin and sclcrae The pulse was 104 per minute, the blood pressure iio over 70, the respirations were 
shallow, regular and 13 per minute lamination of the spinal fluid on admission showed albumin 0x19 
Gm per cent, glucose 044 per cent, urea 0x5 per cent, chlorides 04 mg per cent and i lymphocj te per 
cu mm The Tandy reaction was negative Typhoid and paratyphoid agglutinations were negatiie 
The red blood count was o 765 miilions/cu mm (table lA) 

The paoent continued with insomnia, a very annoying pulsanng feeling in the head and cars, cramps 
in the epigastrium and right upper quadrant of the abdomen The anemia inaeascd and the 
condition of the patient failed The slight subictcric color of the sclera and skin disappcard an t e 
icteric index became normal No bartonellae were found in the red blood cells The lymph nMcs o t = 

neck, ingumal and epitrochlear regions became enlarged The fever oscillated bens cen 36 an 40 

April 18, vomiting and headaches appeared with cough, rhonchi and crepitation of the lungs an on t 
April xa many pinpoint purpuric spots were seen in the skin and conjunctn a The patient became y 
neic and died on May xy Autopsy showed the following prominent features 
nearly 1 5 liters, extensne petechial hemorrhages in many organs, such as the lungs, Iner an $p 
external and internal hydrocephalus Ascaridcs lumbncoidcs were found in the intestine 

This case illustrates a fatal recurrence of anemia due to thrombocytopenic 
purpura while the bartonellae were disappearing from the cry'throcy tes 
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“critical stage” 

The term “critical stage” of bartonella bacilliformis anemia has been applied 
to the period of transition in which the organism suddenly disappears from the 
red cells The mechanism of this change is controversial, but it is a fact that 
within a few days the bartoncllae may disappear from the peripheral erythrocytes 
The hematologic signs of this transition are as follows (i) A change in the 
form of the bartoncllae from a bacilliform to a coccoid form (originally described 
by Barton^ in a report published from Lima in 1^8) occurs with the appearance 
of sphere, hour glass, pear shape and granule forms These are the coccoid barton- 
ella (l) Decrease in the number of the parasitized erythrocytes and in the number 
of bartoncllae on each erythrocyte (3) An increase in the erythrocyte count (4) 
A reduction in the indirect hyperbilirubinemia to normal (5) An increase in the 
number of reticulocytes (6) A decrease in the macrocytosis, later in the disease 
the erythrocytes regain normal size and even have a tendency to microcytosis 
(7) A lymphocytosis, the monocytes and eosinophiles reappearing (8) A shift of 
the polymorphonuclear senes to the “right,” a characteristic which persists 
during the rest of the disease 

Clinically, corresponding with this transition, the fever disappears, the subic- 
teric tinge of the skin and sclera disappear leaving an intense earthen gray pallor 
With the prompt rise in the number of erythrocytes the symptoms of anemia, such 
as fainting, dizziness, tinnitus, etc , disappear, as well as the hemic heart mur- 
murs, the blood pressure rises The patient appears to be convalescent However, 
this sequence of events docs not always occur, for clinical improvement may not 
parallel the disappearance of the bartonellac from the erythrocytes There may be 
an increased severity of the clinical course of the disease, which is due to inter- 
current infections, or to an atypical course of the disease itself Occasionally, there 
IS clinically an increased seventy of the disease, coexisting with the favorable 
hematologic findings of the critical stage, despite the fact that there is no evidence 
of intercurrcnt infections In these cases, one finds fever, vomiting, tachycardia, in- 
somma, delirium and psychomotor irritability This occurred in Case 6, which 
terminated fatally 

Case 6 

J M , an 18 year old female cook, lived for four months before becoming ill in an area where Car" 
ri6n s disease is endemic On October 6, 1939, she developed a headache followed by a chill, fever, malaise 
and profuse sweating Despite the persistence of these symptoms, the patient did not stay in bed, the chills 
did not recur but the fever was continuous She develoficd anemia and a slight yellow discoloration of the 
skin On admission to the hospital on October 18, 1939, she appeared well nourished and well developed 
but t\ as markedly confused mentally She had severe anemia, slight jaundice, pronounced pulsations of 
the arteries of the neck and epigastrium, very dry skin, hemic murmurs over the precordium The blood 
pressure was 115 over 70 The pulse was iio per minute, the respirauons were regular and superficial, 
10 per minute On October to, the red count was i 8 millions, hemoglobin 7 8 grams per cent, the leu- 
kocytes 6,080 (table lA) The red blood cells showed a few baalliform and coccoid bartoncllae No 
lymph nodes were palpable The pauent s condition rapidly failed, there was continuous vomiting and 
diarrhea, rigidity of the muscles of the neck, insomnia, motor cxcitabilitj and headaches She developed 
a deep coma progressively, nystagmus with marked increase in muscular tonicity of the neck and ex 
trcmiucs She had negatue tendon reflexes and no Babinski response A Chcync-Stokcs rcspiraaon 
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developed The blood cultures -were negauve on several occasious for bacteria other than bartontlla 
bacilliformis The detailed information of findings at the autopsy have been reported extensnely else 
where ' No defimte complications could be found 

An unusual fatal, short failing, hyperthermic course of the disease is illustrated 
in this case without apparent intcrcurrent infection At the time the bartonellae 
were disappearing from the erythrocytes, the patient developed symptoms fre- 
quently found in cases with intercurrent salmonella infection 

It IS not known whether the bartonella infection itself is responsible for death in 
these cases The interaction between the bartonellae and the recticulo-endothehal 
system has been studied extensively The bartonellae are found in large uuin- 



Fio 7 

Leukocytosis occurring before death in case with Bartonella bacilliformis anemia complicated by 
amebic colitis 

At the top, in the bar representing Bartonella in red cells, solid black indicates hcai’y concentration 
of Bartonella, gradually widening spaces indicate progressive diminishing number of Bartonella 

bers in the phagocytic cells, such as the Kupffer ceils of the liver, littoral cells of 
the spleen and of the lymph nodes, indicating clearly that the activity of the 
bartonellae is centered in the reticulo-endothelial system (figs 8-ia) 

Intcrcurrent infections may develop in these patients during the critical period 
of the anemia when there appears to be a lowered resistance of the host to invading 
organisms harbored in the gastrointestinal tract These organisms frequentl) 
produce a fatal septicemia In these cases the symptoms arc bizarre and confusing 
There is usually a rise in the temperature, tachycardia, diarrhea, dysenea, ps) 
chomotor excitability, followed shortly by death There is a sharp leukocy cosis 
with shift to the left in the polymorphonuclear scries and a fall in the number 0 
reticulocytes and normoblasts This is well illustrated in figure 7, complicate ) 
amebic colius Blood cultures arc very helpful in determining the complicating 
organism In this senes of 30 cases, intcrcurrent infections were detected in 15, 0 
whom 3 developed malaria which was promptly controlled by quinine t crapy, 
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Large splenic blood smus containing many nucleated red blood cells The large dark littoral cells 
contain Bartonella bacilliformis Giemsa stam X 380 


2. out of 3 died with typhoid fever, l died of a Salmonella schottmulleri infection, 
3 died with amebic colitis, and in 3 cases the necropsy examination suggested an 
anaerobic septicemia due to an undetermined organism 
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Fio 11 


Section of the liver showing large Kupffer cells, which contain cr) throcytes, nucleated red blood cells, 
and small aggregates of Bartonella baallifortms Gictnsa stain X 570 


erythrocytes The rate of destruction of the erythrocytes and the increased bili- 
rubinemia'® arc directly proportional to the number of parasitized erythrocytes 
The anemia is macrocytic in type with signs of increased blood formation young 
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granulocytes, polychromatophilia, reticulocytosis and nucleated red cells Hy- 
pochromia IS a frequent finding but did not occur m several cases of this series 
(table i) There is increased urobilinogen excretion in the feces Hurtado et al “ 
have shown that the fragility of the erythrocytes is normal in this disease There 
are no spherocytes and enlargement of the spleen clinically does not occur in the 
cases without intercurrent infections ^ Hemoglobinuria does not occur An 
early suggestion was that the bartonella bacilliformis anemia was ‘Addisonian" 
anemia Guzman-Barron^® demonstrated the presence of Castle’s principle in the 
gastric secretion, and careful hematologic studies^® have shown that the anemia is 
normoblastic and not megaloblastic and is accompanied by marked reticulocytosis 
His.ologically there is evidence of erythrocyte destruction in the reticulo-endo- 
thelial system as the Kupffer cells, littoral cells of the spleen and lymph nodes and 
other phagocytes appear filled with bartonellae and erythrocytes (figs 8-12.) 

PROGNOSIS 

Bartonella bacilliformis anemia has a severe prognosis, due mostly to the fre- 
quency of intercurrent infection produced by varied organisms from the 
gastrointestinal tract The host’s defenses, already lowered by the bartonellosis, 
are overwhelmed by the subsequent infection 

In 30 cases studied in this series, xx died, a mortality of 73 per cent Fifteen of 
these cases had intercurrent infection, and of these, ii died with septicemia of 
gastrointestinal origin In a group of 15 cases without evidence of any concurrent 
infection, 9 died In only x cases (Cases 3 and 5) could the death be explained by 
the virulence of the infection and the intensity of the anemia Case 5 apparently 
died of a thrombocytopenic purpura with 440,000 erythrocytes In the remaining 
7 fatal cases the intensity of the anemia was not severe enough to explain the 
fatal course, the severity of the disease apparently being due to the bartonella 
infection itself 


TREATMENT 

At present, there is no specific therapeutic agent which acts against the bar 
tonella bacilliformis and the treatment used is largely symptomatic A great ca 0 
therapeutic effort has been directed toward stimulating the bone marrow is is 
of dubious importance in cases without any complication, as the main pro 
bartonella bacilliformis anemia is not the formation of red cells but the dcstru.tio^ 
of erythrocytes The reticulocytosis is sufficient evidence of regeneration asc^^ 
in this series without specific treatment or marrow stimulation showe ^ 
traordinary degree of erythrocytic regeneration, this is seen in every case wit ^ 
intcrcurrent infection The sudden transition occurring naturally m the cour 
the disease with disappearance of the bartonellae from the red cells may gi^ 
fallacious impression that a given drug or a treatment is responsi e 
change There is some evidence that liver extracts*® may accelerate t e cry t 

regeneration nresent this 

Blood transfusions appear to be indicated, however, up to t 
method of treatment has been used only occasionally This is large y 
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prevailing theory^® that the crisis of the anemia with the disappearance of the 
bartonella bacilliformis from the red cells is due to the immunity of the red cells 
toward the bartonellae Blood transfusion, according to this theory, will alter 
the immumty since the donor cells are supposedly more susceptible and so more 
apt to be parasitized This is not acceptable, as the erythrocytes have never been 
known to have immunologic activity The immunologic changes which occur in 
the host in the critical stage produce the changes both in the shape and in the 
clearance of the bartonellae from the erythrocytes This is supported by the fact 
that the anemia does not recur in the course of the disease, even if fatal inter- 
current infection occurs Small blood transfusions of 300 to 400 cc used in a very 
few cases with severe anemia and thrombocytopenia in my experience have proved 
to be a life-saving procedure Unfortunately, larger amounts of blood were not 
available to test any of the patients included in this series The other main ob- 
jective in the treatment of bartonella bacilliformis anemia should be the preven- 
tion of intercurrent infection Penicillin has lately been reported in a small number 
of cases to produce good results in the treatment of the disease Further studies 
arc necessary to evaluate the action of this drug In the future, studies should be 
directed toward the control of the bartonella bacilliformis, as well as the pre- 
vention of intercurrent infection 


Discussion 

A severe hemolytic anemia may occur during the invasive stage of Carrion s 
disease The pathogenic organism, bartonella bacilliformis, is found in the eryth- 
rocytes and on the cells of the reticulo-endothelial system It has been previously 
stated that bartonella bacilliformis anemia occurs at any stage of Carri6n’s 
disease ^ a' However, there are no proven cases in which this anemia has 
occurred except in the invasive stage of the disease Anemias which occur later m 
the pre-emptive and eruptive stages, were found in a previous study^® to have a 
different etiology and different morphologic and clinical characteristics The 
anemias without bartonellas in the erythrocytes are due to intercurrent infections, 
hemorrhages, thrombocytopenic purpura or other causes Recurrences of bartonella 
anemia did not occur in these series of patients even in cases with fatal intercur- 
rent infections This is another important fact against the concept®^ that blood 
transfusions should not be given to these patients because of the danger of rein- 
vasion of the erythrocyte by bartonellae On the contrary it seems from this study 
that these patients will be greatly benefited by repeated blood transfusions from 
600 to 1000 cc as a supportive therapy against the bartonella infection and the 
anemia With the disappearance of bartonellae from the erythrocytes, which occurs 
during the natural course of the bartonella infection, the red cell hemolysis ceases 
and there is a spontaneous prompt recovery 

The transition period in which the bartonellae suddenly disappear from the 
erythrocytes in the circulating blood is characterized by a very low resistance of 
the host to secondary infection This accounts for a considerable proportion of 
mortality in this disease, as is illustrated by ii deaths occurring in ix septicemic 
cases In only 2. cases (Cases 3 and 5) in which the erythrocyte counts were ap- 
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proximately 5 miilion/cu mm could death be attributed to the seventy of th. 
anemia In all the other cases the seventy of the disease was due to the bartoneii; 
infection or to intercurrent infection and could not be related to the mtensm 0 
the anemia 


Summary 

Bartonella baciiliformis anemia (Oroya fever) is a febrile hemolytic anemia with 
distinguishing clmical and hematologic characteristics It occurs as an infrequent 
clinical form during the invasive stage The onset is variable with or without 
chills, followed by a moderate temperature which does not parallel the mtensm 
of the anemia Hemorrhages, petechial spots, epistaxis may occur and are du: to 
thrombocytopenia Clouding of the scnsorium and delirium are rather uncommon 
There is a generalized lymph adenopathy but no splenomegaly 
The anemia is macrocytic and frequently hypochromic with signs of intcnsf 
blood formation young granulocytes, poiychromatophilia, rcticulocytosis and 
nucleated red cells The rcticulocytosis may increase to 50 per cent The pathogno 
monic sign of the disease is the presence of bartonella baciiliformis on the cryth 
rocytes The leukocyte count varies, slight leukocytosis is not uncommon but 
marked leukocytosis is extremely rare in cases without intercurrcnt infections 
There is a shift of the pol)'morphonuclcar series to the left, characterized by the 
presence of myeloblasts, myelocytes and metamyelocytes The anemia is nortno 
blastic and not megaloblastic It is hemolytic and the destruction of erythrocytes is 
dependent on the presence of bartonella baciiliformis on the erythrocytes There 
is no spherocytosis and the fragility of the erythrocytes is normal Histological!) 
there is evidence of erythrocyte phagocytosis in the cells of the rcticuio-cndothclia! 
system, the Kupffer cells, the littoral cells of the spleen and the lymph nodes 
The disappearance of the barconellac from the erythrocytes occurs in a very feu 
days and is called “critical stage" of the anemia The hematologic changes of this 
transition are as follows a change in the shape of the bartoncllac from the baci 
liform" to ' coccoid" form before complete clearance will take place, an increase 
in the erythrocyte count, reduction in the indirect hyperbilirubinemia to norma , 
increase in the number of reticulocytes, reversion to normocytosis, lymphocytosis, 
reappearance of monocytes and eosinophiles, a "shift to the right of the po 
morphonuclear senes Corresponding with the clearance of bartonella 
erythrocytes, the symptoms dependent on the anemia as well as the fever 
appear Clinical improvement, however, may not parallel the clearance 
tonellae because of intcrcurrent infections or an atypical course of the bartone 

j I Iv to tbc ' 

Bartonella baciiliformis anemia has a very severe prognosis, due i, 

occurrence of intcrcurrent infection by enteric organisms The treatment 
largely symptomatic as there is no specific agent against the bartone ae 

formis infecnon dcouate 

It IS suggested that the prognosis may be improved by the use o a J 

transfusions and the prophylactic use of antibiotics to concro m 
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fection At present there is no specific agent against bartonella bacilliformis 
anemia 

Conclusions 

I Bartonella bacilliformis anemia (Oroya fever) is a type of hemolytic anemia 
m which the pathogenic organism of the disease is found m the circulating eryth- 
rocytes and in the cells of the reticulo-endothelial system 

1 Bartonella bacilliformis anemia is macrocytic, frequently hypochromic and 
occurs only during the invasive stage of Carri6n’s disease and does not recur in the 
course of the disease Other anemias which develop later have different clinical 
and hematologic characteristics 

3 The transition period in which the bartonellae suddenly disappear from the 
erythrocytes depends on immunologic changes of the host toward the bartonella 
infection 

4 The prognosis of bartonella anemia is very grave, as is indicated by a mor- 
tality rate of 73 per cent in this series of 30 cases This very severe prognosis is 
largely due to intercurrent infection which occurred in 50 per cent of the cases 
studied The most severe prognosis was found in cases with septicemias from en- 
teric organisms, as indicated by ii deaths out of ix cases 
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slightly icteric There were abnormally intense carotid arterial pulsations synchronous iiith the pulse, 
and functional hemic murmurs over all areas of the heart, the blood pressure was 110/50. the pulse 120 
per minute, and the respirations were accelerated and very shallow The patient rapidlj became con 
fused, had psychomotor exatability, the anemia increased and the fever continued between 37 and 38 1 
C He complained of occipital headache, precordial oppression and insomnia, epistaxis occurred on 
several occasions On July 2.1, 1938, the erythrocyte count ^totaled only o 575 million per cu mm , 
the hemoglobin was 3 3 grams per cent and the leukocytes 7,600 There was a macrocytosis of 158 i 
cubic microns and 461 normoblasts per 100 leukocytes The red cells showed marked anisocytosis, poiki 
locytosis and polichromasia -with many bartonella bacilliformis The Wassermann and Kahn reactions 
were strongly positive The symptoms continued unchanged until July i8 On that day, no bartonellac 



Fig 3 

Case I Critical and recover) phases of Bartonella bacilliformis anemia, showing the marked increase 
of the red cells, hemoglobin and hematocrit after the disappearance of the Bartonella bacilhform's 
At the cop, in the bars representing Bartonella in red cells, and hemorrhage, solid black in icat^ 
heal) concentration of Bartonella bacilliformis, gradually widening spaces indicate progressne 
minishing number of Bartonella bacilliformis 


were present in the er) throc) tes On Jul) the general condition of the pauent became worse 
insomma and delirium during the night, he had setere epistaxis with loss of approximate \ 500 cc 
blood, the platelets numbered 80,000, the red cells decreased from o 8x to o6z million ' 
remained apathetic in bed and slight edema of the c) elids was noticeable for the first time e c 
aturerose to 39 C Blood cultures were negame for bacteria other than bartonella of 

the first week of August, his general condition improsed strinkingly despite the feter ^ i , 
red cells increased considerabl) wnthout an) therap), the symptoms faded and the patien r- 

rasenous appetite On October 11, 1938, before leasing the hospital, the cottas 

million/cu mm , the hemoglpbin 13 8 grams per cent, the hematocrit 39 i on 

cular solume was 81, the leukoc) tes 5,z4o Wassermann and Kahn reactions found g J P° 
admission were considered false These tests later were repeatedly negausc 
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percentage of erythrocytes contained coccoid bartoncllac After a few days, the existing bartoncllac 
disappeared, the number of erythrocytes increased rapidly, the mean corpuscular values became normal, 
the slight jaundice cleared, the mental symptoms improved and the fever disappeared In the last nro 
■weeks of December and the first week of January, he had transitory pains in the epiphysis of the long 
bones, in the short bones of the hands and feet and in the kness He had paresthesias, the sensation of 
small worms in the skin Two red spots not larger than a pinpoint were nouced on the skin, cor 
responding probably to verrugae in formation No anemia was recorded the day the patient left the 
hospital, January ii, 

This case illustrates a very prompt recovery after a severe bartonella bacilli- 
formis anemia 



Case } 

R H , a 7 year old native Peruvian boy, came from a town •where Carri6n s disease is endemic 
Ma> iS, 1941, he developed malaise and lack of appeute, however, he continued going to schoo uw 
June I His mother noaced chat he had fever, had vomited seieral times and had become ancm 
slightly jaundiced Two days before admission he became restless and delirious In new o t e seri^ 
ness of this condition, he was brought to the Children s Hospital in Lima on June 8, 1941 ) 

aminaaon showed a verj intense anemia The sclcrac of the eyes -were shghtl) icteric, t e P“P' 
dilated, but reacted well to light He had meningeal signs, rigiditj of the neck, maxi a^ 

of tendinous reflexes, and bilaterally absent Babinski reflexes The 1> mph nodes in t enec 

enlarged, the liver was palpated 3 3 cm below the costal margin in the right mi 
were marked caroud pulsations in the neck, together with functional murmurs a 
The urine was normal On July 8, 1941, the erythrocyte count was o 615 million, the oc> 
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rcticuloc) tcs lo 5. per cent, hemoglobin 1 4 gnms per cent (E\clyn photocolorimctcr), hcmitocnt 5 81, 
icterus index xo, mem corpusculir \olumc 158 55 cubic microns, mem corpuscuhr hemoglobin 38 40 
micromicrograms, mean corpuscuhr hemoglobin cone 14 per cent The dilTcrcntnl count avas poly- 
morphonuclear ncutrophiles 44 (5 mjcloq tes, 5 mctamjcloc) tes, 15 filamented forms and n segmented 
cells), lymphoc) tes 34 per cent, proma cloc) tes i There were 1 ct) throblast and 64 normoblasts per cent 
There were pronounced anisoca tosis, poihiloc) tosis and polichromasia Ninetj-six per cent of erj thro 
qtes contained bartonclla bacilliformis and as manj as 19 bartonellae aaere present in each red cell 
(fig i) The patient died on Jul) 8, 1941, and no autopsj could be obtained 



Case 2, Mean corpuscular values m recovery phase of Bartonella bacilliformis anemia, demonstrating 
the remarkable change from macrocytosis to normal values 

A massive fatal invasion of bartonclla bacilliformis is observed in this child who 
died on the tenth day of the disease with an anemia with nearly one-half million 
red cells almost all parasitized by bartonellae 
Thrombocytopenia occurred in eight cases with purpura and external hemor- 
rhages These hemorrhages were transitory and lasted no more than two weeks, 
being parallel to the drop of the platelet count Fatal Cases 4 and 5 which follow 
illustrate thrombocytopenic purpura occurring in bartonclla bacilliformis anemia. 
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Case 4 

A S , an 18 year old farm helper, referred his disease to a traumatic accident on the dorsal surface 1 
the right foot, which bled constantly A local physiaan diagnosed gangrene of the foot Careful into 
fogauon, however, disclosed that this patient had been living for three months in an area where Cii 
ri6n s disease is endemic and three days before receiving the foot wound, he had experienced genen 
malaise and fever He continued to work despite this symptomatology plus polydipsca and anorexia 
After the accident, he noticed purpuric spots in the sJon, epistaxis, bleeding of the gums, and a blood' 
discharge through the wound of the foot On March 16, physical examination disclosed a well developei 
and well nourished, slightly jaundiced male, with many purpuric spots in the skin, bleedmg of the gums 
marked anemia, and petechial hemorrhage in the conjunctiva Lymph nodes, of 5 to 15 mm , wen 
palpable in the inguinocrural, axillary, epitrochlear and cervical regions The blood pressure was nor 
mal, the pulse 130 and the respirations 41 per minute Over the first interosseal space on the right foot, 
there was a contusive wound z cm long and i cm deep with irregular borders, surrounded by an ec 
chymotic area of about 4 cm in diameter without signs of inflammation Many other nontraumauc 
ecchymotic areas were spread over the body, especially on the anterior wall of the thorax Coagulation 
time was thirteen minutes and bleeding time twenty-four minutes Cultures for other bacteria besides 
bartonella bacilliformis were negative The peripheral blood had o 57 red blood cells, 3,300 white blood 
cells and the differential was 56 neutrophiles, z monocytes and 41. lymphocytes There were z orthocro 
matic normoblasts and i plasma cell per 100 white blood cells There was marked anisocytosis, poiLilo- 
cytosis and anisochromia (table lA) There were 50,000 platelets No bartonellae were found in the red 
cells, nevertheless, Carri6n s disease was diagnosed The patient was given coagulants, fluids and anti 
tetanic sera He died on the second day of his admission The gross pathologic diagnoses were terminal 
pulmonary edema, multiple petechial and ecchymotic hemorrhages, ecchymotic wound of the right foot 
and Cam6n s disease The stained smears of the spleen had many bartonella bacilliformis 

This case illustrates a fatal thrombocytopenic purpura during a severe bartonella 
bacilliformis anemia 

Cast s 

M H , a 17 year old farm worker, after spending a month in a locality where Carridn s disease is 
endemic, on April 15, 1539, noticed fever, malaise and profuse sweating, symptoms which continued on 
the following days The patient became anemic, slightly jaundiced and was brought into the hospital m 
a very critical condition on April 10, with convulsions, marked mental confusion, followed bj a loss 
of consciousness He appeared to be a well-nourished, weU developed, seriously ill boy with a ser) 
marked anemia There were many tiny petechial hemorrhages in the conjunctiva, pulsation of the 
arteries of the neck, functional murmurs over the prccordium, and a shght yellow discoloration of the 
skin and sclcrae The pulse was 104 per minute, the blood pressure lao over 70, the respirations were 
shallow, regular and 13 per minute Examination of the spinal fluid on admission showed albumin 0x19 
Gm per cent, glucose 044 per cent, urea 015 per cent, chlorides 04 mg per cent and i lymphoc) te per 
cu mm The Pandy reaction was negative Typhoid and paratyphoid agglutinations were negiciie 
The red blood count was o 765 millions/cu mm (table lA) 

The paoent continued with insomnia, a very annoying pulsanng feeling in the head and cars, cramps 
in the epigastrium and right upper quadrant of the abdomen The anemia inaeascd and the 
condition of the patient failed The slight subictcric color of the sclera and skin disappears an t ‘ 
icteric index became normal No bartonellae were found in the red blood cells The lymph n es o t 

neck, ingumal and epitrochlear regions became enlarged The fever oscillated bens cen 36 an 40 

April 18, vomiting and headaches appeared with cough, rhonchi and crepitation of the 

April zi many pinpoint purpuric spots were seen in the skin and conjunctn a The patient came ) 

neic and died on May ay Autopsy showed the following prominent features 

nearly 1 5 liters, extensile petechial hemorrhages in many organs, such as the lungs, I'cr an 

external and internal hydrocephalus Ascaridcs lumbricoidcs were found in the intestine 

This case illustrates a fatal recurrence of anemia due to thrombocytopenic 
purpura while the bartonellae were disappearing from the ery'throcy tes 
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“critical stage” 

The term “critical stage” of bartonclla bacilliformis anemia has been applied 
to the period of transition in which the organism suddenly disappears from the 
red cells The mechanism of this change is controversial, but it is a fact that 
within a few days the bartonellae may disappear from the peripheral erythrocytes 
The hematologic signs of this transition are as follows (i) A change in the 
form of the bartonellae from a bacilliform to a coccoid form (originally described 
by Barton^ in a report published from Lima in 1908) occurs with the appearance 
of sphere, hour glass, pear shape and granule forms These are the coccoid barton- 
ella (x) Decrease in the number of the parasitized erythrocytes and in the number 
of bartonellae on each erythrocyte (3) An increase in the erythrocyte count (4) 
A reduction in the indirect hyperbilirubinemia to normal (5) An increase in the 
number of reticulocytes (6) A decrease in the macrocytosis, later in the disease 
the erythrocytes regain normal size and even have a tendency to microcytosis 
(7) A lymphocytosis, the monocytes and eosinophiles reappearing (8) A shift of 
the polymorphonuclear series to the ‘ right,” a characteristic which persists 
during the rest of the disease 

Clinically, corresponding with this transition, the fever disappears, the subic- 
teric tinge of the skin and sclera disappear leaving an intense earthen gray pallor 
With the prompt rise in the number of erythrocytes the symptoms of anemia, such 
as fainting, dizziness, tinnitus, etc , disappear, as well as the hemic heart mur- 
murs, the blood pressure rises The patient appears to be convalescent However, 
this sequence of events does not always occur, for clinical improvement may not 
parallel the disappearance of the bartonellae from the erythrocytes There may be 
an increased severity of the clinical course of the disease, which is due to inter- 
current infections, or to an atypical course of the disease itself Occasionally, there 
IS clinically an increased severity of the disease, coexisting with the favorable 
hematologic findings of the critical stage, despite the fact that there is no evidence 
of intercurrent infections In these cases, one finds fever, vomiting, tachycardia, in- 
somnia, delirium and psychomotor irritability This occurred in Case 6, which 
terminated fatally 

Case 6 

J M , an 18 year old female cook, lived for four months before becoming ill in an area where Car- 
ri6n s disease is endemic On October 6, 1939, she developed a headache followed by a chill, fever, malaise 
and profuse sweatmg Despite the persistence of these symptoms, the patient did not stay in bed, the chills 
did not recur but the fever was continuous She developed anemia and a slight yellow discoloration of the 
skin On admission to the hospital on October 18, 1939, she appeared well nourished and well developed 
but was markedly confused mentally She had severe anemia, slight jaundice, pronounced pulsations of 
the arteries of the neck and epigastrium, very dry skin, hemic murmurs over the precordium The blood 
pressure was 115 over 70 The pulse was no per minute, the respirations were regular and superficial, 
to per minute On October to, the red count was i 8 millions, hemoglobin 7 8 grams per cent, the leu- 
kocytes 6,080 (table lA) The red blood cells showed a few bacilliform and coccoid bartonellae No 
lymph nodes were palpable The patient s condition rapidly failed, there was continuous vomiting and 
diarrhea, rigidity of the muscles of the neck, msomnia, motor evatabihty and headaches She developed 
a deep coma progressively, nystagmus with marked increase in muscular tomaty of the neck and ex 
tremmes She had negative tendon reflexes and no Babinski response A Cheyne-Stokes respiration 
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developed The blood cultures were negative on several occasions for bacteria other than bartonclla 
bacilliformis The detailed information of findings at the autopsy have been reported extensnely else 
where ' No defimte complications could be found 

An unusual fatal, short failing, hyperthermic course of the disease is illustrated 
in this case without apparent intcrcurrent infection At the time the bartonelJae 
were disappearing from the erythrocytes, the patient developed symptoms fre- 
quently found in cases with intercurrent salmonella infection 

It IS not known whether the bartonella infection itself is responsible for death in 
these cases The interaction between the bartonellac and the rccticulo-endothehal 
system has been studied extensively The bartonellac are found in large uiun- 



Fio 7 

Leukocytosis occurring before death in case with Bartonella bacilliformis anemia complicated by 
amebic colitis 

At the top, in the bar representing Bartonella in red cells, solid black indicates heavy concentration 
of Bartonella, gradually widening spaces indicate progressive diminishing number of Bartonclla 


bers in the phagocytic cells, such as the Kupffer ceils of the liver, littoral cells of 
the spleen and of the lymph nodes, indicating clearly that the activity of the 
bartonellae is centered in the rcticulo-endothelial system (figs 8-ia) 

Intcrcurrent infections may develop in these patients during the critical perio 
of the anemia when there appears to be a lowered resistance of the host to invading 
organisms harbored in the gastrointestinal tract These organisms frequent) 
produce a fatal septicemia In these cases the symptoms arc bizarre and confusing 
There is usually a rise in the temperature, tachycardia, diarrhea, dysenea, ps) 
chomotor excitability, followed shortly by death There is a sharp leukoc)cosis 
with shift to the left in the polymorphonuclear scries and a fall in the num cr 0 
reticulocytes and normoblasts This is well illustrated in figure 7, complicate ) 
amebic colitis Blood cultures arc very helpful in determining the comp mating 
organism In this senes of 30 cases, intcrcurrent infections were detected in 15, 
whom 3 developed malaria which was promptly controlled by quinine t crap), 
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Large splenic blood smus containing many nucleated red blood cells The large dark littoral cells 
contain Bartonella bacilliformis Giemsa stam X 580 

2. out of 3 died with typhoid fever, 2. died of a Salmonella schottmullen infection, 
3 died with amebic colitis, and in 3 cases the necropsy examination suggested an 
anaerobic septicemia due to an undetermined organism 
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Fio iz 

Section of the liver showing large Kupffer cells, which contain cr) throcytes, nucleated red blood cells, 
and small aggregates of Bartonella baalliformis Gicmsa stain X 570 


erythrocytes The rate of destruction of the erythrocytes and the increased bili- 
rubinemia'® arc directly proportional to the number of parasitized erythrocytes 
The anemia is macrocytic in type with signs of increased blood formation young 
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granulocytes, polychromatophilia, reticulocytosis and nucleated red cells Hy- 
pochromia IS a frequent finding but did not occur m several cases of this series 
(table i) There is increased urobilinogen excretion in the feces Hurtado et al “ 
have shown that the fragility of the erythrocytes is normal in this disease There 
are no spherocytes and enlargement of the spleen clinically does not occur in the 
cases without intercurrent infections ^ Hemoglobinuria does not occur An 
early suggestion was that the bartonella bacilliformis anemia was ‘Addisonian" 
anemia Guzman-Barron^® demonstrated the presence of Castle’s principle in the 
gastric secretion, and careful hematologic studies^® have shown that the anemia is 
normoblastic and not megaloblastic and is accompanied by marked reticulocytosis 
His.ologically there is evidence of erythrocyte destruction in the reticulo-endo- 
thehal system as the Kupffer cells, littoral cells of the spleen and lymph nodes and 
other phagocytes appear filled with bartonellae and erythrocytes (figs 8-12.) 

PROGNOSIS 

Bartonella bacilliformis anemia has a severe prognosis, due mostly to the fre- 
quency of intercurrent infection produced by varied organisms from the 
gastrointestinal tract The host’s defenses, already lowered by the bartonellosis, 
are overwhelmed by the subsequent infection 

In 30 cases studied in this series, xz died, a mortality of 73 per cent Fifteen of 
these cases had intercurrent infection, and of these, ii died with septicemia of 
gastrointestinal origin In a group of 15 cases without evidence of any concurrent 
infection, 9 died In only x cases (Cases 3 and 5) could the death be explained by 
the virulence of the infection and the intensity of the anemia Case 5 apparently 
died of a thrombocytopenic purpura with 440,000 erythrocytes In the remaining 
7 fatal cases the intensity of the anemia was not severe enough to explain the 
fatal course, the severity of the disease apparently being due to the bartonella 
infection itself 


TREATMENT 

At present, there is no specific therapeutic agent which acts against the bar 
tonella bacilliformis and the treatment used is largely symptomatic A great ca 0 
therapeutic effort has been directed toward stimulating the bone marrow is 1^ 
of dubious importance in cases without any complication, as the main pro 
bartonella bacilliformis anemia is not the formation of red cells but the dcstru.tio^ 
of erythrocytes The reticulocytosis is sufficient evidence of regeneration as^^^ 
in this series without specific treatment or marrow stimulation showe 
traordinary degree of erythrocytic regeneration, this is seen in every case 
intcrcurrent infection The sudden transition occurring naturally in t c cou^^ 
the disease with disappearance of the bartonellae from the red cells may 
fallacious impression that a given drug or a treatment is rcsponsi c 
change There is some evidence that liver extracts*® may accelerate t e cry 

regeneration orcsent this 

Blood transfusions appear to be indicated, however, up to t 
method of treatment has been used only occasionally This is arge y 
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prevailing theory^® that the crisis of the anemia with the disappearance of the 
bartonella bacilliformis from the red cells is due to the immunity of the red cells 
toward the bartonellae Blood transfusion, according to this theory, will alter 
the immumty since the donor cells are supposedly more susceptible and so more 
apt to be parasitized This is not acceptable, as the erythrocytes have never been 
known to have immunologic activity The immunologic changes which occur in 
the host in the critical stage produce the changes both in the shape and in the 
clearance of the bartonellae from the erythrocytes This is supported by the fact 
that the anemia does not recur in the course of the disease, even if fatal inter- 
current infection occurs Small blood transfusions of 300 to 400 cc used in a very 
few cases with severe anemia and thrombocytopenia in my experience have proved 
to be a life-saving procedure Unfortunately, larger amounts of blood were not 
available to test any of the patients included in this series The other main ob- 
jective in the treatment of bartonella bacilliformis anemia should be the preven- 
tion of intercurrent infection Penicillin has lately been reported in a small number 
of cases to produce good results in the treatment of the disease Further studies 
arc necessary to evaluate the action of this drug In the future, studies should be 
directed toward the control of the bartonella bacilliformis, as well as the pre- 
vention of intercurrent infection 


Discussion 

A severe hemolytic anemia may occur during the invasive stage of Carrion s 
disease The pathogenic organism, bartonella bacilliformis, is found in the eryth- 
rocytes and on the cells of the reticulo-endothelial system It has been previously 
stated that bartonella bacilliformis anemia occurs at any stage of Carri6n’s 
disease ^ a' However, there are no proven cases in which this anemia has 
occurred except in the invasive stage of the disease Anemias which occur later m 
the pre-emptive and eruptive stages, were found in a previous study^® to have a 
different etiology and different morphologic and clinical characteristics The 
anemias without bartonellas in the erythrocytes are due to intercurrent infections, 
hemorrhages, thrombocytopenic purpura or other causes Recurrences of bartonella 
anemia did not occur in these series of patients even in cases with fatal intercur- 
rent infections This is another important fact against the concept®^ that blood 
transfusions should not be given to these patients because of the danger of rein- 
vasion of the erythrocyte by bartonellae On the contrary it seems from this study 
that these patients will be greatly benefited by repeated blood transfusions from 
600 to 1000 cc as a supportive therapy against the bartonella infection and the 
anemia With the disappearance of bartonellae from the erythrocytes, which occurs 
during the natural course of the bartonella infection, the red cell hemolysis ceases 
and there is a spontaneous prompt recovery 

The transition period in which the bartonellae suddenly disappear from the 
erythrocytes in the circulating blood is characterized by a very low resistance of 
the host to secondary infection This accounts for a considerable proportion of 
mortality in this disease, as is illustrated by 11 deaths occurring in ix septicemic 
cases In only 2. cases (Cases 3 and 5) in which the erythrocyte counts were ap- 
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proximately 5 million/ cu mm could death be attributed to the seventy of i 
anemia In all the other cases the severity of the disease was due to the bartone, 
infection or to intercurrent infection and could not be related to the intensm 
the anemia 


StJMMARY 

Bartonella bacilliformis anemia (Oroya fever) is a febrile hemolytic anemia wii 
distinguishing clmical and hematologic characteristics It occurs as an infrequci 
clinical form during the invasive stage The onset is variable with or withoi 
chills, followed by a moderate temperature which does not parallel the mtensii 
of the anemia Hemorrhages, petechial spots, epistaxis may occur and are du: i 
thrombocytopenia Clouding of the scnsonum and delirium are rather uncommor 
There is a generalized lymphadenopathy but no splenomegaly 
The anemia is macrocytic and frequently hypochromic with signs of intcns 
blood formation young granulocytes, polychromatophilia, rcticulocytosis am 
nucleated red cells The rcticulocytosis may increase to 50 per cent The pathogno 
monic sign of the disease is the presence of bartonella bacilliformis on the crych 
rocytes The leukocyte coimt vanes, slight leukocytosis is not uncommon bu 
marked leukocytosis is extremely rare in cases without intercurrcnt infections 
There is a shift of the pol)Tnorphonuclcar series to the left, characterized by tbi 
presence of myeloblasts, myelocytes and metamyelocytes The anemia is norrao 
blastic and not megaloblastic It is hemolytic and the destruction of erythrocytes li 
dependent on the presence of bartonella bacilliformis on the erythrocytes Then 
IS no spherocytosis and the fragility of the erythrocytes is normal Histological!) 
there is evidence of erythrocyte phagocytosis in the cells of the rcticulo-cndothclia! 
system, the Kupffer cells, the littoral cells of the spleen and the lymph nodes 
The disappearance of the bartonellac from chc erythrocytes occurs in a very fe" 
days and is called “critical stage” of the anemia The hematologic changes of this 
transition are as follows a change in the shape of the bartonellac from the act 
liform" to ' coccoid” form before complete clearance will take place, an increase 
m the erythrocyte count, reduction in the indirect hyperbilirubinemia to norma , 
increase in the number of reticulocytes, reversion to normocytosis, lymphocytosis, 
reappearance of monocytes and eosinophiles, a ‘shift to the right of the po 
morphonuclear senes Corresponding with the clearance of bartonella rom^^^^ 
erythrocytes, the symptoms dependent on the anemia as well as the 
appear Clinical improvement, however, may not parallel the clearance 
tonellae because of intcrcurrent infections or an atypical course of the bartone 

j I Iv to the 

Bartonella bacilliformis anemia has a very severe prognosis, due arge y^^^^ 
occurrence of intcrcurrent infection by enteric organisms The treatment 
largely symptomatic as there is no specific agent against the bartone ae 

formis lofecnon f adcouace bio^^ 

It IS suggested that the prognosis may be improved by the use o ^ 

transfusions and the prophylactic use of antibiotics to concro m 
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fection At present there is no specific agent against bartonella bacilliformis 
anemia 

Conclusions 

I Bartonella bacilliformis anemia (Oroya fever) is a type of hemolytic anemia 
m which the pathogenic organism of the disease is found in the circulating eryth- 
rocytes and in the cells of the reticulo-endothelial system 

1 Bartonella bacilliformis anemia is macrocytic, frequently hypochromic and 
occurs only during the invasive stage of Carri6n’s disease and does not recur in the 
course of the disease Other anemias which develop later have different clinical 
and hematologic characteristics 

3 The transition period in which the bartonellae suddenly disappear from the 
erythrocytes depends on immunologic changes of the host toward the bartonella 
infection 

4 The prognosis of bartonella anemia is very grave, as is indicated by a mor- 
tality rate of 73 per cent in this series of 30 cases This very severe prognosis is 
largely due to intercurrent infection which occurred in 50 per cent of the cases 
studied The most severe prognosis was found in cases with septicemias from en- 
teric organisms, as indicated by ii deaths out of ix cases 
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BONE MARROW OF NORMAL GUINEA PIGS 

By Arthur Sawitsky, M D ,* and Leo M Meyer, M D 

M arrow aspiration IS a well standardized technic for the study of bemm 
poietic function in the human The method has been applied to dogs* and 
cats^ with success In these animals bone marrow is obtained by aspiration of the 
iliac crest The disadvantages of the aspiration method are loss of architecture 
and mixture of marrow and blood in varying unknown proportions A great ad 
vantage is that frequent, serial examinations showing distinct qualitative differ- 
entiation of marrow cells may be obtained ^ No anesthesia is required, nor is any 
special aseptic surgical approach necessary 
Epstein and Tompkins'* reported values obtained both by microscopic section and 
supravital stain technic We are presenting data on normal bone marrow as ob- 
tained by iliac aspiration, and comparing our values for bone marrow and 
peripheral blood with those of other investigators 

Materiai^ and Methods 

The peripheral blood of 47 normal laboratory guinea pigs, both male and female, 
of unknown age and of weights varying from i68 to 640 Gm was studied Iliac 
marrow aspiration studies were made on xo male guinea pigs of this group 
The technic for iliac puncture is essentially the same as that detailed in our stud) 
of normal cat bone marrow ■ The animal is strapped to the table with dorsum pre- 
senting and extremities extended The hair over the sacral area is clipped and the 
skin sterilized with a suitable antiseptic Local anesthesia is not required The 
anterosuperior border of the iliac crest is outlined with the fingers of one hand 
A sterile xo gage Quincke spinal tap needle about one and a half inches long n 
inserted through skin and muscle close to the iliac crest Upon reaching the pen 
osteum the needle is simultaneously rotated and pushed with a boring movem^t 
until the needle is firmly imbedded in bone A sudden ‘ ‘give is not expencnc ^ 
The stylet is removed, a dry to ml syringe is attached to the needle and about 0 
ml of marrow is aspirated The needle and the attached syringe is then 
from the animal and a drop expelled on a clean glass slide Nucleated cell an meg^^ 
karyocyte counts are made with the techmc used in counting the leukoc} ° 
peripheral blood Thin films are drawn on several clean glass slides and stainc 
Wright's stain Five hundred nucleated cells are counted and the percentage ^ 
mated, utilizing the classification of Vogel and his associates ® The 
fractured by the procedure, but a repeat aspirauon can be made after ten to 
days ^ ^ ^ 

From the Department of Therapeutics, New York Univcrsitt College of Medicine, N 
♦ Ledcrle FeIlo\\ m Hematolog) 


1030 



BONE MARROW OF NORMAL GUINEA PIGS 


1051 


Observations 

The data obtained for the peripheral blood (table i) are compared with those of 
other observers (table z) The similarity indicates that the animals used in the 
present study were hematologically normal (table i, Group II) 

Bone marrow studies (table 3) indicated a wide range from 48 i to 377 thousand 
cells per cu mm of bone marrow aspirated The average marrow cell count was 
i9i,zoo per cu mm Similarly, the number of megakaryocytes per chamber varied 
from 5 to 48 cells The differential cell count showed a more constant pattern The 


Table 1 — Tl/e Vtriptxral BlaoJ of the Normal Gmuta Pfg 
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Table 2 — Peripheral Blood Counts By Dijferent Investigators 
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myeloid series constituted 554 per cent, z8 3 per cent of which were segmented, 
and 158 per cent nonsegmented ‘ neutrophiles ” This cell in the gmnea pig, when 
examined with Wright stain, is not neutrophilic but pseudoeosinophilic The 
cytoplasmic granules take a pale eosinophilic stain, are rounded and of fairly 
uniform size In contrast, the true eosinophile has granules which are large, coarse, 
and somewhat irregular Occasional heterophiles were also noted and have been 
included with the ‘ neutrophilic ’ group Lymphocytes constituted Z5 79 per cent 
of the marrow, o 4 per cent of which had Kurloff cytoplasmic inclusion bodies ® 
The er\throid senes constituted 16 5 per cent of the cells counted 

A comparison of the bone marrow observed b\ aspiration technic in different 



























Table 3 — Bone Marrow of Normal Guinea Pigs 
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Table 4 — Companion of Bom Marrow, Man, Dog, Cat and Guinea Pigs 


Bone marrow 


Count Xio^pcrcu mm 
Megakaryocytes per chamber 
Myeloblasts 

Myelocytes — agranulocyuc 
Myelocytes 
Neutrophilic 
Eosinophilic 
Non-segmented 
Neutrophiles 
Eosinophilcs 
Segmented 
Neutrophiles 
Eosinophiles 
Basophdes 
Lymphocytes 
Monocj tes 
Monoblasts 
Plasma Cells 
Reticulum Cells 
Hematogoncs 
Megakar) ocj tes 
Mcgaloblasts 
Er> throblasts 
Normoblasts 


Man‘ 

Dog‘ 



118 75 

144 

109 9 

rgi 1 


41 X 

xo 

>9 5 

I 6 

0 58 

0 8x 

0 87 

0 I 




ZI 3 

3 76 

5 

607 

0 77 

0 x6 

I I 

0 6 

30 2. 

X3 50 

38 5 

15 8 

0 39 

0 IX 

1 

7 3 

34 0 

18 30 

IX 31 1 

xS 5 

0 94 

1 56 i 

1 71 ' 

' 9 

0 07 

8 6 

0 ox j 
9 84 

9 05 ( 

0 7 
x 5 ^ 

1 4 


I 2.0 1 


i 

0 14 


0 45 

1 

0 8x 

0 75 

0 15 , 

0 34 

0 ox , 

0 4 

3 I 1 

0 44 


0 I 

0 2 . ( 




1 

0 14 , 

I OX 

° 35 , 

r 0 

I 7 

7 4 1 

1 30 

I 14 ; 

XL 6 

CO 

18 5X 1 
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BONE MARROW OF NORMAL GUINEA PIGS IO53 

species IS shown in table 4 The cell counts of dog, cat and guinea pig agree fairly 
closely The guinea pig marrow, however, shows a marked difference in its lympho- 
cytic composition These elements are significantly increased, more than in any of 
the other animals studied The increased lymphocyte content is also seen in the 
peripheral blood of the gmnea pig 

A companson of bone marrow data with that of Epstein and Tompkins is shown 
in table 5 It may be observed that the interpretation of bone marrow data varies 
significantly with varying technics These differences are probably due to the in- 
clusion of more peripheral blood in aspirated specimens than is obtained in biopsied 
material 


T ABLE 5 — A Comparison of Ttcbnics 



Microscopic* section 

SuprBMtab 

Aspiration technics, 
Wright stain 

Blasts 

4 0 

1 8 

0 9 

Neutrophilcs 




Myelocytes 

iS X 

19 0 

1 ^ ^ 

Non-segmented 



15 8 

Segmented 

X7 7 

16 9 

z 8 3 

Eosinophilcs 




Myelocytes 



0 6 

Non-segmented 



I 3 

Segmented 



I 9 

Basophiles 



0 7 

L) mphocytes 

10 X 

“ 3 

Z3 8 

Monocytes 


H 0 

I 4 

Plasma cells 



0 4 

Erythroid cells 




Megaloblasts 

3 0 

2- 4 

I 0 

Erythroblasts 

16 7 

6 5 

I 7 

Normoblasts 

17 3 

^6 € 

13 8 

Reticulo cndothebal cells 

I 9 

0 7 

0 4 

Megakaryocytes 

I I 

I 6 

0 I 


Summary 

I A method is presented describing the technic for obtaimng bone marrow from 
the iliac crest of the guinea pig by aspiration 

1- The cellular constituents in the peripheral blood and bone marrow of normal 
guinea pigs are presented 

3 Peripheral blood and bone marrow findings in guinea pigs are compared with 
those of other obsen'^ers and with other animal species where the aspiration tech- 
nic was used 
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FRANCES SPEAR 


Cells at this point are examined supravitally using Janus green-neutral red, or 
pinacyanol They show Brownian movement and streaming of granules m poly- 
morphonuclear leukocytes to be preserved An occasional polymorphonuclear cell 
shows active movement Lymphocytes show well stained mitochondria and rare 
neutral red vacuoles 

Six lots of gum acacia have been tried — two lots from E R Squibb 6^ Sons and 
the others from B R Elk Co They are fairly uniform The specific gravity of the 
solution used ranged from i 085 to i 105 The pH after the addition of sodium bi- 
carbonate was 6 9 to 7 X Corrections for tonicity, specific gravity, and pH were 
obtained through the addition of that amount of saline-citrate solution showing 
the best separations in the pilot tests The specific gravity of this mixture was 
I 079, pH 7 3 Tonicity was measured by the freezing point as indicated on a Beck- 
man thermometer when a sample of the solution was immersed in a Dewar flask 
filled with cracked ice and salt The freezing point was o 4± when the freezing 
point of distilled water was taken as o degrees C 

Summary 

An inexpensive solution possessing the physiochemical properties necessary for 
separating leukocytes and erythrocytes on the basis of differences in specific gravity 
has been described 

REFERENCE 

^ Vallee, Bert L , Hughes, Walter L , and Gibson, John G A method for the separation of leuko 
cytes from whole blood by flotation on serum albumen Blood, Special Issue, No i, 81, 1947 
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The Use of Folic Acid Antagonists in Acute Leukemia 

A CUTE leukemia remains the most important single problem in the field of 
hematology Hopes that the disease may ultimately be controlled have 
recently been revived It was found by several groups of investigators that folic 
acid and its conjugates at times seemed to accelerate the leukemic process ^ ^ ^ 
For this reason, the use of antagonists of folic acid suggested itself as a possible 
therapeutic measure and several of these have been prepared by Subbarow and his 
associates * By manipulation of the pteroyl glutamic acid molecule, as for ex- 
ample substitution of an NHj group for the OH group in the 4 position of the 
pteridine ring structure, an anti-folic acid preparation, 4-aminopteroyl glutamic 
acid or ammopfenn is produced Farber and his associates found that of the various 
folic acid antagonists which they tried in acute leukemia, aminopterin was by far 
the most potent In a series of 16 cases of acute and subacute leukemia in children, 
these workers® found that mjections of aminopterin regularly resulted in remis- 
sions lasting for at least three months in 10 of the cases The remissions were 
characterized not only by great subjective and objective improvement but by 
improvement in red count and in platelets, a virtual disappearance of primitive 
white cells from the blood, and a considerable improvement in the appearance of 
the marrow 

Barber’s results, which were obtained in children, have not as yet been dupli- 
cated in adults Personal commumcations from various centers where aminopterin 
and related drugs are being used indicate that good results have often been dis- 
appointing and that reactions such as hemorrhage, aplastic anemia, etc are com- 
mon However, in our own series of 16 adults with acute and subacute leukemia, 4 
patients with acute or subacute leukemia have developed clear-cut remissions char- 
acterized by subjective improvement, rise in red cells and platelets, disappearance 
of blast forms from the blood and a distinct improvement of the marrow picture 
We have also had a clear-cut remission in one childhood case of two treated 
Although these results may be considered as coincidental by some observers, the re- 
mission rate in Farber’s series of 10 of 16 consecutive cases is far beyond the spon- 
taneous rate of remission We have been impressed, therefore, both in our own 
small series of cases and through examination of Farber’s data, that the factor 
of spontaneous remission can be completely ruled out If this is the case, then 
we may indeed be approaching the future control by chemotherapeutic means 
of what IS now a practically hopeless disorder The therapeutic effect of anti- 
pteroylglutamic acid preparations indicates that PGA maj be one of the ma- 
terials concerned in the growth processes of the white cells of leukemia What 
ts even more likely is that other enzymes more important than PGA are necessary 
for leukocytic growth When these arc found, anti-enzymes may then be discov- 
ered Certainl) further work along these lines is indicated 
Aminopterin and related drugs must be used with great caution for the} - 
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severe reactions of the mucous membranes and, in large doses, of the marrow is 
well These chemicals should by no means be considered as cures, all they ap 
patently do, even in the most favorable cases, is to keep the “flame” of leukemia 
under temporary control However, the knowledge that even a little some- 
thing can be accomplished in acute leukemia is very heartening news indeed, and 
a great stimulus for continued investigation ' 
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Effect of Xanthopterin on Cell Proliferation in Bone Marrow Cultures E R Norris and J J 
Majnaricb From the Department of Biochemistry, University of Washington, Seattle Washington 
Am J Physiol rja 175-178, 1948 

Since 1936, Xanthopterin has been reported as curative of certain (nutritional) anemias and leu- 
kopenias in rats and fish In 1940, xanthopterin was isolated from liver extract used in treating pernicious 
anemia The present report concerns the effect of xanthopterin on erythropoicsis and leukopoicsis in bone 
marrow cultures in vitro 

The authors suspended bone marrow (rabbit, beef, sheep, rat, cat) in Tyrode s solution, added specified 
supplements (Tyrode s solution, folic acid, xanthopterin, normal human scrum), and counted the various 
blood cells after three and six hours of incubation of the resultant mixture They found that xanthopterin 
caused an inacase in the rate of cellular proliferation of white cells, reticulocytes, and red cells, and that 
such an effect was optimal when the concentration of xanthopterin was about five micrograms per 
milliliter of suspension The results obtained with xanthopterin and with normal human scrum were of 
the same order of magnitude and were prompt Folic acid, on the other hand, had no enhancing effect on 
proliferation of cells in these suspensions, suggesting, as the authors subsequently point out, that folic 
acid as such is unavailable to the marrow cells for growth In a subsequent report dealing with nutritional 
anemia in rats, folic aad similarly was found to have an effect only after a lag period of several days, 
"hcrcas the hematopoietic effect of xanthopterin was immediate (Am J Physiol r/a 179-181,1948) 

SE 


Xanthopterin in Rat Anemia Produced by Sulfathialole E R Norris and J J Majnaricb From the 
Department of Biochemistry, University of Washington, Seattle, Washington Am J Physiol //a 
179-181, 1948 

Anemia was produced in rats by feeding a purified diet augmented with i per cent sulfathiazol The 
rats were then dnidcd into three groups (with corresponding controls), and treated with xanthopterin 
or ptero\ Iglutamic (folic) acid The effect on the blood \alucs t\as studied 

Group I These rats received 100 micrograms of xanthopterin daily for fii e days There w as an immedi- 
ate ind marked rise in red cells, hemoglobin, and hematocrit, which did not occur in the controls A 
peak was reached, and then the blood values began to fall rapidl) to their pretreatment ranges 

Group 2 These rats rccen cd single injections of xanthopterin (15, 50, or 100 micrograms) or s}nthctic 
ptero) Iglutamic acid (100 micrograms) The control group, which reccned no injections, died in sesen 
da\ s Xanthopterin-injected rats showed a prompt rise in red cells, rcticuloci tes, w hitc cells, and hema- 
tocrit the rise being greater the greater the dose of xanthopterin Rats receiving ptcroi Iglutamic acid 
also showed a rapid rise in all blood elements, but there was a delaj period of three to fise das s before 
this rise began 

Group J These rats recciscd, b\ a single injection, either 100 micrograms of xanthopterin, or 300 
micrograms of ptero) Iglutamic acid (this amount contains the same w eight of pteridin as 100 micrograms 
nf Xanthopterin) Again, there w as a rise in all blood s alues, but s\ hcrcas the rise w ith xanthopterin w as 
'mtncdiate, that with ptero) Iglutamic acid followed a lag period of one to three dais 

ft IS suggested as a result of these experiments and similar results in Mtro with bone marrow culture 
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(Am J Physiol ijz 175-178, 1548), that xanthopterin can be utilized directly by the bone marrow in 

hematopoiesis, whereas ptcroylglutamic acid cannot be utilized as such, but must be altered in form 
before It can affect hematopoiesis It is strange that, in contrast, fragmentary experiences with xanthop- 
terin in pernicious anemia suggested that it was of no value in the dosages employed (South M J 
46-55, 1547), although, as is well known, pteroylglutamic acid is highly effective 

SE 

Observations ON THE Antianemic Properties OF Vit,4Min Bii T D Spus,K. E Stone, and T Aramhurs 
From Northwestern University at Hillman Hospital, Birmingham, Alabama South M ] 41 511-513, 
1948 

Crystalline vitamin Bjj was administered by single intramuscular injection to two patients with 
pernicious anemia, two patients with nutritional macrocytic anemia, and one patient with nontropical 
sprue Five of the pauents received six micrograms of the material, the sixth, 15 micrograms Within 
three to five days after the injection, the patients felt better and stronger, the soreness and burning of the 
tongue disappeared, and there was objective clinical and hematological improvement Reuculoc} costs 
(twelve to twentv-two per cent) occurred by the fifth to ninth day, and a rise in red count and hemo- 
globin followed Although bone marrow examinations were done, no details are given in this brief 
report There was also no extended followup 

This report confirms similar experiences in three patients with pernicious anemia following single 
injection of three to 150 micrograms of vitamin B12 (West, Science ip- 398, 1948) It is possible that this 
material isolated from potent liver extracts, may be the essential substance required for pernicious 
anemia 

SE 

Observations on the Hemopoietic Response of Persons with Tropical Sprue to Vitashn Bjj T D 
Spies, G G Lopez, F Mtlanes, R L Toia, and B Culver From the Northwestern Universitj Depart 
ments of Nutrition and Metabolism, Calixta Garcia Hospital, Havana, Cuba South MJ 41 5J-3"5^3' 
1946 

In two patients with typical tropical sprue, the administration of eight micrograms of crjstallmc 
vitarmn B12 intramuscularly was followed within three days by marked subjective and objective improve 
ment (mouth and tongue symptoms relieved, strength increased), as well as by a rise in the various 
blood elements, with reticulocvtc peak in each case on the eighth day No data bc)ond the eighth 
da) of treatment are given 

S E 


High Serum Acetylchounb Concentrations in Pernicious Anemia and Their Reductionbi Effective 

Therapy J E Davis FromtheDcpartmcntsofPhysiologyandPharmacolog),Unnersit) ofArkans 

School of Medicine Am J Dig Dis i; 51-55, 1948 

In dogs, the continued injection of acetylcholine produces a hyperchromic anemia which 
antipcrmcious-anerma therapy, and the injection of derivatives of acetylcholine in dogs raa) 
central nenmus system changes resembling those found m human pernicious anemia The author, a 
developed a bio-assay method for the determination of the amount of acetylcholine in 
the scrum acet) Icholinc in five patients with relapsed pernicious anerma, two patients wit 
pernicious anemia, six normal individuals, and six individuals with secondary anemias ( ^ 
coma, leukemia, sickle-cell disease) The following results were obtained It was found r 
level of acetylcholine in serum ranged from 6 6 to 8 1 micrograms per 100 cc of scrum, t 
secondarj anemias was the same, but m relapsed pernicious anemia, levels of 15 to 33 ' 

100 cc were obtained When specific treatment of these latter patients was institut ( 
stomach extract, or ptcrojlglutamic acid), there was a marked reduction in the scrum acet) 

normal lev els within four to seven da) s elated to the occut 

It IS speculative, whether the aberration in scrum acetylcholine is fundamenta ) r cicrss of 

rcncc of pernicious anemia The author suggests the possibilit) that something F re5uli'=' 

acet) Icholinc in the serum, which in turn depresses or arrests cr) thropoicsis within t c 
in the disease Actuall) , he points out, the scrum cholinesterase in pernicious anc i 
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slightly decreased, and in renutting pernicious anemia the cholinesterase may actually fall even further, 
whereas in normal and leukemic individuals, pteroylglutamic acid causes a rise in serum cholinesterase 
It IS possible, therefore, that perhaps the elfect of antipcrmcious-anemia medicaments is to raise the level 
of cholinesterase in the blood cells rather than the scrum (for this there is some evidence), that a fall in 
acetylcholine results from this, and that, with the fall, crythropoicsis reverts toward normal These 
speculations arc sail tentative and, of course, do not suggest the basic cause for the alteraaons in the 
scrum levels of acetylcholine or cholinesterase 

S£ 

Effect of Fouc Acid and Liver Extract on Sbrdm and Red Cell Cholinesterase Activity A M 
Kt/nkel, S Krop, andW C Wtscoi From the Pharmacology Section, Medical Division, Army Chemical 
Center, Maryland Am J Physiol i}2 309-313, 1948 

A diminuuon in the blood scrum cholinesterase (ChE) has recently been reported in pcmiaous anemia, 
and It has been found that the adminisaation of liver extract or pteroylglutamic acid in such cases was 
followed by a rise in the scrum ChE, concomitant with the clinical and hematological improvement 
following such aeatment It has been suggested, therefore, that the role of liver cxaact or pteroylglu- 
tamic acid may be to cause an increase in scrum ChE, which in turn is followed by an improvement in the 
anemia The purpose of the present article was to test whether these materials actually cause a rise in 
serum ChE in vitro or in vivo 
Several experiments were performed 

1 Various amounts of pteroylglutamic acid and liver exaact were added to normal human and dog 
plasma in vitro, and the mixture incubated at body temperature The ChE levels of the plasma remained 
unchanged 

1 Dog plasma depleted of ChE by the use of diisopropyl-fluorophosphate (DFP), which irrevers- 
ibly inactivates ChE, was similarly incubated in vitro with folic acid and liver extract There was no rise 
in the ChE level 

3 An attempt was made to produce macrocytic anemia (with the accompanying decrease in ChE) 
in dogs by administration of acetylcholine and physostigmine No anemia could be so produced, and, 
furthermore, there were no deviations of serum ChE levels in these dogs during this regimen, or after the 
addition of liver extract or pteroylglutamic acid 

4 Four dogs were given DFP, so that their plasma ChE level was much reduced Two were followed 
without further therap) , to a third, x mg of pteroj Iglutamic acid were administered daily, and to the 
fourth, L units of liver extract daily The recovery of plasma ChE to normal values was identical in all 
four dogs 

These data negate the suggestion that it is possible to cause an increase in the amount of serum ChE 
b) the use of the antipernicious-anemia drugs, under the conditions of the experiments They do not 
support the h)'pothesis that an acetylcholine-cholinesterase mechanism is concerned in crythropoiesis 
PrcMous work had alread) shown that plasma ChE rises (in states of depletion) at a rate similar to the 
rate of regeneration of other plasma porteins It seems probable, therefore, as the authors suggest, that 
the rise of plasma ChE in the successful treatment of pernicious anemia is the result, rather than the 
cause, of recoicrj 

SE 

Deselopmentof Aplastic Anemia DURING THE Use OF Streptom\cii>. Report of Tw o Cases V F Dejke 

and J B Wallace From Fitzsimmons General Hospital, U S A J A M A i }6 1098, 1948 

Streptomi cm, according to the authors, has been used in some 900 patients in the literature Of these 
patients, eight det eloped mild, self-limiting leukopienia, and one detelopitd agranuloc) tosis, the out- 
come of which was unstated Of 400 additional patients who recened streptorajcin in the authors hos- 
pital, twodei eloped aplastic anemia on the 79th and 95 th dais of treatment, respcctiieli In the absence 
of other etiologic agents for marrow iniolicmeni (other drugs, disseminated tuberculosis), the aplasia 
had to be attributed to the strcptomi cm 

The first patient a 46 tear old man with moderatcl\ advanced tuberculosis, rccened two grams of 
trcptomicm daili for 79 dais when his blood preiiousli normal, showed anemia, leukopenia, and 
neutropenia \lthough the drug was discontinued, and various supportive measures used, the panev 
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copema progressed, and the patient died ig days iatcr Prior to death the w hue cell count was 800, with 
two per cent neutrophils (16 per cu mm ), and red cells and platelets were much reduced The marrow at 
autopsy was hypoplastic 

The second patient, a 17 year old man with moderately advanced tuberculosis, also rccencd i granw 
of streptomycin daily, on the 95th day, pancytopenia was noted and progressed despite discontinuation 
ofthemcdicauon Marrow punctures showxd hypocellulanty of the marrow The patient was still living 
at the time of the report 

SE 

Idiopathic Hypoplastic Anaemia with Bone Marrow Hyperplasia E S Mills From the Department' 
of Mcdiane, McGill University and the Montreal General Hospital, Montreal, Quebec Canad M 
A J /7 iJ.7-132., 1947 

Three fatal cases of idiopathic anemia arc described and autopsy findings in two of the eases ate in 
eluded All three patients were males and each presented variants from the generally accepted pattern 0! 
so-called aplastic or hypoplastic anemia One patient, who received 196 transfusions of 300 cc each, 
developed generalized hemosiderosis and brownish pigmentation of the skin Remission occurred in thi' 
ease after il years of illness, but death occurred soon thereafter as a result of pneumococcal infcaion 
Erythroid hyperplasia of the bone marrow in two of the cases is stressed and it is suggested that there 
is a maturation arrest in this disease due to deficiency of a factor other than chat which is lacLing m 
perniaous anemia 

In the author s interesting discussion of these cases is included a statement that the life span of a red 
cell IS probably less than forty days This statement should be challenged in view of the conclusive cm 
dcncc from many laboratories that the life span of normal human erythrocytes is about rio da)s 

LE^ 


Cunical Applications of Bone Marrow Examination in Childhood I J Wolman, and B Dicbiim 
From the Children s Hospital of Philadelphia, the Department of Pediatrics, School of Medicine, 
University of Pennsylvania, Philadelphia, Pennsylvania Am J M Sc 214 677-687, 1947 
The authors have summarized the variety of information to be gained from sternal punaurc The 
methods of marrow aspiration in infancy and childhood arc discussed, as well as normal and pathological 
cytologic findings Attention is called to certain bacterial and protozoal infections and metabolic di' 
orders in which diagnosis may be made by sternal aspiration 

C A F 


TropicalMacrocytic Anaemia AND NoTRiTioNALMACRocmc Anaemia H C Trawtll FromthcMu ag' 
Hospital Medical School, Kampala, Uganda, South African J M Sc ra 11-31., i 947 
The response of sixty-thrcc patients with severe anemia to therapy were studied b) the authors 
these, forty-three were macrocyuc, twelve normocytic and two microcytic Improvement^ 
administration of iron and liver extracts was variable and not related to the red cell size 
extracts were more effective than highly concentrated Iiv'cr, sitmlar to the cases reported bi at on 

Castle (Am J M Sc 221 514) The incidence of hookworm infestation (eighty per cent) 

among these patients than in the general hospital admissions (forty-six per cent) The aut 
tropical anemia differs from pernicious anemia in ndt showing a true megaloblastic 
response to liver therapy They believe it represents several deficiencies rather than 


response 
intrinsic factor 
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Relation Between Serum Protein and Haemoglobin in 314 Indian Soldiers H Libnan 

No I Detachment, Anaemia Investigation Team, General Headquarters, India Brit J 

al' 377-384. 1947 i„rrhercvvasmoreofaorr 

Previous survey's of the nutritional status of Indian troops indicated tnat tn studies in Eumff 
laaon between hemoglobin and serum protein levels than had been reported in sum ar^^ •'Z‘ 

and North America Although several methods were used for determining dctcrnn 

given to the copper sulphate gravity method of Phillips cr al In these cases t e e 
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non sctmcd to be a more sensitive test for malnutrition than the determination of scrum protein In 
macrocytic anemias the dietary defiaency produces low serum protein let els But in hypochronuc or 
normochromic anenuas due to a dietary deficiency in iron, the scrum protein is not necessarily lowered 

OPJ 

Normal Rsd CEixStmviv ALIK M ek AND Women S T Callender, E 0 Powell and L J Witts From the 
Nuffield Department of Clinical Medicine, Oxford J Path and Bact S9 5i9~532-i 1947 
Blood was removed from four young women and two male medical students who belonged to group 
A and were Rh-positivc It was replaced by equal volumes of group O blood By differential agglutination 
It was determmed that the survival time was about 90-100 days in women and iio-ixo days in men The 
curve of decay of transfused cells was linear for men and slightly curved for women Apparently blood 
destruction is greater in women The estimated figure of 400 cc per month is much larger than that lost 
bv menstruation alone 

OPJ 


HEMOLYTIC ANEMIA 

Physiologic Icterus OF THE Newborn A LaewyandL W Freeman From the Department of Physiology. 

University of Chicago, Chicago, Illinois Am J Physiol r/a io5-xo9, 1948 

This paper suggests that the fat diet of the newborn infant plays a role in the rapid destruction of 
erj throcytes which gives rise to physiologic icterus of the newborn The authors compared the serum 
bilirubin in cord blood at birth, with that in venous blood on the fifth dav of life, in three groups of new- 
born infants those on a routine diet (3 6 per cent fat), those on a low-fat diet (i 8 per cent), and those on 
a fat-free diet (o 03 per cent) (An attempt to evaluate a fourth group, on a 5 5 per cent fat diet, was 
unsuccessful because of refusal of feedings ) The average scrum bilirubin at birth was 1 36 mg per cent 
On the fifth day of life, high-fat babies showed 5 4 mg per cent of bilirubin, low-fat 4 mg per cent, 
and fat-free, 3 09 mg per cent 

Although these results are striking, they must be considered suggestive rather than conclusive, chiefly 
because of the small number of cases Thus, there were ten children in the first group (3 6 per cent fat), 
although six showed a rise in serum bilirubin, four showed either no change or an actual fall Of twelve 
children on the low-fat diet (i 8 per cent fat), eight showed the rise, but four showed no rise or a fall, 
and of nine children on the fat-free diet, six showed a rise, with the other three showing a definite fall 
The procedure of averaging such small groups, as the authors themselves point out, may lead to erroneous 
results There is, however, a trend, and it is not unlikely that sudden exposure of the newborn to a rela- 
ti'cly high fat diet (fat is thought to be barred by the placenta) plays some role in physiologic icterus 
That It IS nor the onlj factor is obvious 

SE 

A New Type or Hereditary Hemolytic Jaundice WITHOUT Spherocytosis R L Hadtti FromthcCIc\c- 
land Clime, ClcY eland, Ohio Am J M Sc 214 i55-i59, 1947 

The author reports eight patients in two families with hcmolvtic anemia The anemia was macrocj tic, 
normochromic, accompanied b) reticuloc) tosis, bilinibincmia, and splcnomegalj Fragility tests were 
normal and no sphcrocYtcs were seen In two patients of one famih , hemoglobincmia and hemoljsis of 
cr\throcitcs on incubation was obsersed, but the Donath Landsteiner and acid hcmoljsis tests were 
negative In the second famih , stippled cells were consistcnth obscr\cd The two groups show significant 
differenecs and neither fit into con\cntionalh recognized t\ pcs of hemoh tic anemia The author suggests 
that the^e ire instances of congenital stromal defects of the cn throev tes 

C A F 

IcTLReCuroMQUE Ju\ LNILE NON HeMOLYTIQUE WBC RlaCTION DE HiJM YNS \ as den BeRGH INDIBECTE 
yDys Rloulytios DU Metabolisme des pigments Biijaires ) (Chronic Jus entle Non-haemolytic 
Jyuntyice with Indirect Hijman-s \ an den Bergh Reaction (Faulty Bile Picment Regulation ) 
J CarAi a> 1 4 Paraf Re\ ue d Hematologic* i67-_S_, 1947 

The authors rcpiort the occurrence of jaundice in an eighteen tear old bo\ , otherwise in perfect health 
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This jaundice had existed since he was three years old It consisted of a frank chronic mucocutaneous 
colorauon, with occasional slight remissions There had been no similar case in the family The blood 
count was normal Hemolysis of the red cells started in o 48 per cent saline and teas complete at 04 per 
cent Rouleaux formauon was normal The average red cell diameter was 75^ and there vs as no sphero- 
cytosis The blood group was O, Rh positive The myelogram was normal (13 per cent ciy throblasn) 
There were no bile pigments or bile salts in the urine Urinary urobilin was o 3 mg per litre, and 0 73 
over twenty-four hours Fecal urobilinogen (Watson method), z} mg Indirect blood bihrubia, iS 73 
umts, 1 e , g8 4 mg , and two days later, 24 60 units, 1 e , 98 4 mg Cholalcmia was 10 rag per litt 
of scrum Finally, the urin ry porphyrins were 40 per 1000 AH liver funcuon tests gave normal results 
The authors discuss the nosological sigmficancc of this verj' definite observauon and compare it mth 
that of Dameshek and Singer (Arch Int Med 6 -j X5g, 1941) and of the hereditary jaundice of the tit 
studied by Mallay and Lowcnstcin They think it is a nonhemolytic jaundice caused b) an inboni 
error of the metabolism of the bile pigments with a kind of regurgitation of the indirect bilirubin 

JPS 

Rapid Test for the Demonstration of Sickle Cells and its Clinical Signihcance K Stnf^ir aaJ S 
Kobm From the Department of Hematologic Research, Michael Reese Hospital, Chicago, Illinois 
JAMA ryd 1011-1015, 1948 

Sickling of susceptible red cells takes place only if the hemoglobin within the red cell is in the form of 
reduced hemoglobin Oxygenating the reduced hemoglobin causes a reversal of the sicklcd cell to a nor 
mal biconcave disc The various tests for sickling depicnd, corrcspondmgly, upon reduction of the con 
tamed hemoglobin, and their speed and efficiency may be expected to vary directly (other things being 
equal) with their ability to cause this reduction 

The present authors utilize a culture of nonpathogenic bacteria (B subtiJis) to eliminate tbcoiqgcn 
m a blood sample, and thereby produce favorable and necessary condiuons for sickling to occur A drop 
of blood IS placed upon a coverslip, a drop of the bacterial culture added to it, and the coiersiip is pitted 
upon a glass slide and ringed with paraffin The preparation is then incubated at 37° C for five imnutei. 
and exammed, if negative, it is incubated for an additional ten minutes and re-examined Most posiinc 
tests appear within five minutes, and all within fifteen minutes, so that, according to the authors, those 
that arc negative after fifteen minutes of incubation may be considered to be truly negauve The test 0 
not discriminate between the severe sickle-cell anemia and the milder sickle-ccll trait, since in both con 
ditions the same abnormality of the red cell, a tendency to sickle under conditions of anoxia, is present 
This IS the simplest of the reliable tests for the detection of sickling yet reported The mainteiun 
of an active culture of B subtilis is discussed by' the authors once started from agar slants, such a cu t^^^ 

IS earned with ease by day-to-day reinoculation of media, but refreshment from agar cultures at inter 
IS required The speed of the results is of course a great asset . c 


The Basophilic Propertt OF THE Irox'-Containing Granules IN Siderocytes J V Daiitamll 

From the Department of Pathology , British Postgraduate Medical School, London J Par * 

jg 68^-686, 1947 folio" inp 

It has been known that some red corpuscles from pauents with severe heraolyTic 
splenectomy contain basophilic iron positive granules The present authors have shown t ^a ^ 
the basophilic Romanowsky'-positive bodies contain iron This may be due to the faa t 
tent IS too small for detecaon Negative reactions for iron of basophilic suppling an ^ r 

were obtamed In marrow from these patients, siderotic granules w ere found in nucleate ^ re^ ^p^-jrar ' 
some instances they showxd a perinuclear arrangement It has been suggested that t ^e 
paxaUels that of hemoglobin because siderotic granules were absent from the more prim 
globmized red cell precursor 0 P J 

P o 

Pateeson-Plummeii-Vd''so^ Syndrome in a Case of Faxhual Acholuric Jaundice L 

Soc Med go xyi-LTX, i 947 enhrrocttic hcmolu'C aneno < 

The authors present the coincidence, in a patient with familial spher 
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supcnmposcd chronic iron deficiency Qip fissures, atrophic glossitis, koilonychia, hypochromic anemia) 
which included dysphagia and, on x-ray, spasm of the esophagus The hypochromia responded to iron 
therapy, but there were no changes in the glossitis, nad changes, or esophageal picture, and rcticulocy- 
tosis and increase m hypotonic fragdity of the red cells persisted after the blood picture had lost its 
hypochromia 

The occurrence of both disorders in one patient must be verj^ rare 

SE 

The Mother-Child Incompatibility Problem in Relation to the Nervous Sequelae of Hemolytic 
Disease of the Newborn D F Cappell Brain 70 486-494, 1947 

Kemicterus, the staining of certain parts of the brain by bilirubin in congenital hemolytic anemia, 
may be followed by permanent neurologic and mental changes in the surviving child The author of this 
review presents the current concepts of erythroblastosis fetalis, and then discusses the possible relation 
of Rh incompatibility between child and mother, and subsequent mental difficulties in general 

Three forms of erythroblastosis arc recognized hydrops fetalis (with the child usually stillborn), 
icterus gravis neonatorum, and congenital hemolytic anemia Kemicterus was noted only in those chil- 
dren who survived beyond the first few days of life thus, in the stillborn with hydrops fetalis, keraic- 
terus has not yet had time to occur, but if the newborn child with hydrops or severe icterus dies several 
days later, kemicterus is present Kemicterus was not found m mild hemolytic anemias without jaundice, 
but only if jaundice was present It was not possible to correlate the occurrence of kemicterus with the 
tj’pc of antibody found, the abnormality being found no matter which antibody predominated (agglu- 
tinins, blocking antibodies) In aU infants surviving ictcms gravis, evidence of nervous damage in later 
life was present in some 17 per cent of the cases 

The author does not agree chat agglutination thrombi of red cells arc responsible for the neurologic 
abnormalities (death and staining of nerve cells), and cannot suggest the reason for selcctn c involvement 
of the cortex and basal ganglia 

With respect to the general question of the possible relation of mental deficiency in general to icterus 
neonatorum, the author reports on 100 mental defccuvcs He was unable to find a mother-child Rh incom- 
patibility in various types of nonspecific mental defects as compared to cases of Mongolism, and as com- 
pared to normal children This contradicts the work of Yannct and Licbcrman (JAMA i)o 333, 
^946). who found that, in a group of Rh positive mental defectives, there were twice as many Rh negatne 
mothers as would be expected on a random basis, but Cappell points out how their figures were inad- 
'crtcntl) weighted It is generally agreed that there is a relationship between the occurrence of kemic- 
terus and the seventy of blood destmction (V C Vaughn, J Ped ap 461., 1946), and that mental defects 
occur onl) if kemictems has occurred (M Creak, Arch Dis Childhood aa 180,1947) 

SE 

^ iscERAL Leishmani «is Complicated fli Severe Anemia — Improvement Follow ingSplenectomi J H 
a trcheital , U. F Bowers, ami T A Haedicke From the Medical and Surgical Sen ices, Walter Reed 
General Hospital, Washington, D C Am J Trop Med a- 699-709, 1947 

An unusual case of kilaazar refractor) toavarict) of agents and several courses of therap) is described,, 
occurring in a tw ent) -three ) ear old Negro soldier In addition, a se\ ere anemia w ith reticulocv tosis and 
h\ pcrbilinibinemia was present along with a leukopenia Fifty-one liters of blood were given over a 
period of tw cnt\ tw o months Follow mg remov al of the spleen w eighing 3030 gms , the pauent made a 
rccovcrv from the anemia and leukopenia and had no further sjmptoms of leishmaniasis The organisms 
"ere recovered from the spleen at the time of the operation b) hamster injection The authors arc anxious 
not to give the impression that splcncctomv is indicated or ncccssarv in most cases of kala azar, although 
in this instance of refractorv disease complicated b\ hcmolv tic anemia it was particularlv clTcctivc 

R SE 

blood coagulation and hemorrhagic disease 

Qc vVTiTvTiv E Studies o\ the Compvrative \ctivitv or Cvlcium and Chemicallv Related Ions on 
the CosruLsTiON or Blood Al Stefarim arj A J Qritck From the Department of Biochemistrs 
'^larquette Unnersitv School of Medicine Milwaukee, Wisconsin Am J Phvsiolr/. 19^ <; 
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Ambcrhtc iR-ioo, a phcnoJ lormsidcbyde resin, is capable of removing calcium from blood scrum 
without otherwise producing any changes in the blood The authors urijizcd this matenal to scud, the 
effects of vanous coucentrauons of calcium, strontium, magnesium, and barium on blood coagulation 
Blood was obtained from man, dogs, and rabbits, decalcified with the Amberlite, and stored on icc The 
coagulacioa cime of the decalcified blood was determined after addition of specified concentrations and 
amounts of the vanous ions Thromboplastin was reduced to a minimum bt the use of silicon-coiccd 
needles, syringes, and glassware 

It was found that coagulation did not occur until the concentration of calcium chloride in the blood 
was of the order of o 0015 M This is the actual level of calcium in the blood in the human bodr Once 
this level of calcium w as reached, there was a relatively wide range of concentrations in which coagi'l’ 
tion occnirred normall) A delaj in coagulation did not occur until the concentration of calcium v 
reduced below one-half of normal Abov e a calcium level of o 004 M , the coagulation time of the blc 
became more and more prolonged 

Strontium behavxd similarl} to calcium in its ability to cause coagulation of decalcified blood, 1 
vv as much weaker Magnesium was found incapable of causing coagulation, except m the presence 
thromboplastin, and then was weak in its acuon Barium was incapable of producing coagulation ev 
in the presence of thromboplastin It was found, in this connecuon, that the presence of thromboplasi 
allowed coagulanon at lower lev els of calanm and strontium than when it was absent, and the motet 
thromboplastin, the lower the requisite concentration of the calcium or strontium ion Changes in c; 
cinm level in physiologic and pathologic states arc never within the extreme ranges of alteration in the 
experiments, and arc pcobabl) never sufficient to alter the speed of coagulauon in the human patient 

SE 

Hemorrhagic Diathesis in Hiroshima, Nagasaki and at Bikini Atomic Bomb Test A L CopUy Fro 
the Laboratorj of Cellular Ph) siolog)'. Department of Biolog}% New York Univcrsitj, N Y C J i 
M A i}7 145. 1948 

It is known that petechial hemorrhages and thrombocytopenia occurred after the atomic bomb exph 
sioas, and that, in addiuon to thromboq topema, hv'pcrhepanncmia occurs after exposure of dogs t 
x-rays, and is in piart responsible for the resultant blccdmg tendency The present author seeks locorreli' 
the occurrence of hyperhcpanncmia and thromboc) topema, with resultant hemorrhage, b) pointing 01 
that Ci) hepann induces clumping of platelets, thereb) producing platclct-aggluntinauon in vitro, an 
thromboc} topema in vivo, and CO the injection of hepann in various animals induces not onl> petechia 
but also white emboli CpI^tclct-clump plus white blood cells), which also result in vascular damagi 
He suggests, therefore, that ionizing radiauon maj produce its hemorrhagic effect b) inducing hjp^ 
hepannemia Cmcchanism unknown), the hepann then clumping platelets Cthrombocv topema p t 
petcchiae) and causmg white embolization (.peccchiac) 

The observations upon which these suggestions arc based — 1 e , the effect of hepann on plate cts, c 
— arc as V ct unconfirmed . ^ 


LEUKEMIA AND LYMPHOMA 

Ettects OF Radioactive Sodium ON Leukemia AND Alued Diseases T C Etans,M ^ ^ ; 

and M J LcMxty Department of RadioJog) , Columbia Universirv , N Y C Am J Roentg- 

469-481, 1948 _ arrn-' ‘ 

Na-* (half-hfc 14 S hours) was given orall) in single doses of about id - r ' 

radiosodium in unne was less than 10 per cent of administered dose Cases treated mdu e 
logenous leukemia (7), subacute and acute leukemias (4) chrome Ivmpbanc leukemia MA - ^ j ^ 
phaDC leukemia (A polvcvthcmia vera CO, s> mpatheticoblastoma (0 “ rh- 

minv of the patients There was no i-radiation sickness In chrome Icul emia chang- ■ 

^ ‘ . . * .1 t _ _r I fhr 


manv ol tnc patients iucic as - h^rsn-urr rc' 

blood were similar to thox following other tvpes of irradiation However, the t F ^ 

* «t t _* t rutin make U' k-* • 


blood were similar to tnosc loiluvviug uLut* LvtA.s,s. m jl c J' 

not superior to those with P=^ or x-rav and the short half life of the isotoF ' odd make, t 

imF^dical C ‘ ^ 
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Discussion ON Chemotherapy IN Malignant Disease A Haddow, E Faterson,! A Thomas, E W Rubes, 
E Boy land Proc Roy Soc Med 41 45 “ 3 ^> ^ 94 ® 

This IS a largely clinical discussion on recent attempts to influence malignant disorders by various 
chemical means Included arc short discourses on estrogens in caremoma of the prostate, chloroethyl- 
ammes (nitrogen mustards^ in Hodgkin s disease, and urethane in leukemias 

SE 

Nitrogen Mustards in the Treatment of Hodgkin’s Disease and Lymphosarcoma M Sherry From 
Smai Hospital, Baltimore South M J ^r 118-1x9, 1948 

Experiences are reported with the use of nitrogen mustard in the treatment a small series of cases of 
Ijmphomatous disorders The results dupheate those found in other centers there was do effect in two 
pauents with melanocarcinoma and two patients with lymphosarcoma, a fair response in a patient with 
giant follicle lymphosarcoma, and excellent responses in five of six patients with Hodgkin s disease 
Relapse in the latter cases occurred within four months in most instances, although one piatient was still 
in remission n months after treatment It was noted that the lymphocytes in the hlood typically became 
pale, granulated, deformed, and othcnsise changed after nitrogen mustard, showing changes of noxious 
nature 

SE 

The Treatment of Boeck s Sarcoid with Nitrogen Mdstard A Preliminary Report G E Snider 
From the Veterans Administration Hospital, Fort Howard, Maryland South Med J 41 11-14, 
1948 

This short clinical report, admittedly preliminary and inconclusive, seeks to suggest that the use of 
nitrogen mustards may accelerate remissions in widespread sarcoidosis Four cases are presented, in all 
of i\ horn the diagnosis was established ultimately by node biopsy, and in all of whom there was involve- 
ment of e) es, lungs, nodes, and sometimes skin Methyl-bis (beta chloroethyl) amine hydrochloride was 
administered in two courses one month apart, and the pauents followed for signs of change Marked 
retrogression of enlarged nodes, lung infiltrations, and ocular and other abnormalities occurred in the 
first three cases, beginning from two weeks to three months after iniuation of treatment, the fourth case 
remained stationary 

The natural course of the disease makes evaluation of this and any similar short-term report most 
difficult, as the author himself points out A complicaung factor is the presence of tuberculosis in case x, 
as demonstrated by sputum incoculation of a guinea pig, and it is at best quesuonable whether nitrogen 
mustards should be used in tuberculosis It is true that many of the changes to normal were remarkable, 
bat whether chloroeth)! amine pla)cd a role in these changes cannot be deduced from the evidence pre- 
sented 

SE. 

Botck s Sarcoid IN Children R J Reeves, G J Baylm,andP A Jones From the Department of Radioi- 
ng) , Duke Hospital and Duke Unix ersit) School of Medicine South Med J 41 X95-30X, 1948 
This IS a rexiew of thirteen children with sarcoidosis, aged from 9 to 14 jears, in whom obscrv'ation 
"as made for periods as long as seven )cars The authors point out that there are onlj twentj-one pre- 

'loush reported cases in the hteratue, and that the disease, although uncommon, is not rare in the voung 
ace groups 

SE 


HEMATOPOIETIC TISSUES 

ImusTcn Chromosomes A L Mirskt and H Rts From the Laboratories of the Rockefeller Institute for 
Icdical Research, New \ork Cm J Gen Phvsiol jr i-fi, 1947 

rithrocvtes of the salmon carp and fowl have been used as a source for obtaining isolated chromo 
''’iicv The priKcdurc for the isolation of chromosomes was the hrst part of a method used b^ the authors 
r'cparc a dcsownbosc nucleoprotcin complev-chromosin The isolated threads showed a definite 
Canirjtion jlont; their axis a tichtlv coiled helix and at least two chromonemata Since fev of the 
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cells were in mitosis, the isolated chromosomes were liberated from interphase nuclei This is additioni! 
e\ idcnce that chromosomes retain their individualit) donng interphase, or the so-called resting stigc 

OPJ 

The Chemical Composition of Isolated Chromosomes A E Mtrsk^ and H Rts From Laboratories of 
the Rockefeller Insatutc for Medical Research, New York Citj' J Gen Physiol 31 7-18, 15^7 
L\mphoc)tcs of the calf thjmus are a contcnient source for obtaining isolated chtomosomes The 
method of isolation was somewhat similar to that used for fish and fowl blood B} fractionation of the 
isolated chromosomes it w as shown that 50 to 52. per cent of the mass was largclj dcsoejTibosc nacleo- 
histone The insoluble residue (or residual chromosome) contained a nonhistone, trj'ptophanc-containing 
protein, 11 to 14 per cent ribosc nucleic acid, and about x per cent dcsoxj’ribosc nucleic acid For )cars 
hematologists and c\ tologists has c described basichromatin and o\} chromatin It now appears that these 
two chromatins differ chcmicall} 

OPJ 

Effects of ExPERistENTAL Criptorchidiem Upon the THVxtns, Mediastinal Lymph Nodes and AccE-tour 
Sex Glands OF THE Albino Rat J C Plaggi From thcDcpartmenc of Anatom}, Unit ersirv of Illinois 
College of Medicine, Chicago, Illinois Anat Rec pf 597-608, 1947 

The use of cn ptorchid animals made it possible to stud) the influence of the secretion of the interstitial 
tissue of the testis upon the th) mus and mediastinal 1 } mph nodes Unlike the results obtained in castrated 
albino rats, there was no striking enlargement of these organs 

OPJ 


The Cytoplasmic Basophiua OP Bone-Marrow Cells J C Whtt From the Department of Pathologv, 
The British Postgraduate Medical School, Hammersmith, London J Path and Bact yp 

1947 

There has been an increasing amount of esidcncc to substantiate the concept that c)topiasmic oa'O- 
philia and a high ribonucleic acid content are characteristic of loung and actncl) growing cells 3 \hite 
has contributed to this b\ apph ing Brachet s c\ tochcmical test to bone marrow aspirations from 'tr 
normal indniduals and nineteen with sanous pathologic condiuons Ribonuclcase abolished the baso- 
philia of the cstoplasm and nucleoli in proerythroblasts and m)eloblasts In such cells a fine ring 0 
nucleolus associated chromatin remained ishich was more decpl) staining in the former After mic co i 
hare disappeared in the more mature cells, distinct and dcepl) staining chromatin persists at their sit. 
In pernicious anemia, hemoci coblasts, i oung normoblasts and i oung megaloblasts had a high conicTi 
of C) toplasmic ribonucleic acid The granular nature of basophilic ci toplasm was shown hi rhe me 0 
acid fuchsin to be due to the presence of numerous mitochondria ^ p ^ 

Further Oeserx atiovs on the Chemical Cytology of Megarary ootes and Other Celia or Hr 
poiETic Tissues G B Wulocij, H Bunting and E JV Dempst) From the Department o 
Hanard Medical School Boston, Mass Anat Rec pJ 5x7-538, 1947 ^ 

Bone marrows from scicral rhesus raonkcis and six guinea pigs were studied after app img ^ 
otologic and histochcmical technics Both the basophilia and mccachromasia 
plasm were abolished after digc'tion in a solution of nbonuclcasc Although this was true or 
monkci , It w as not cntirch so for guinea pig raegakars oc\ tes, because thci retained some ^ 

after exposure to the enzime The distribution of mitochondria seemed to be identical s 1 r t 
c\ toplasmic objects with an affiniti for Sudan black Blood platelets exhibited a tir"'-! 

mctachromasia The presence in blood platelets of Iipoidal particles, mitochrondna an ' 
sup'axitalh with neutral red similar to those found in the 


\\ ncht s theon for their ongin Further studies xscrc also made on tissue eosinophils an 1 
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Metxciikomssix in Msmvisuxn Tissues an-d Its Rel-ation-shipto MLCOPOLYSscaisRif^ ® 

D r-pif) From the Department of \natomv, Harxard Medica 


H Bur rg, a^J E H 
Massachuset ' Am J 


Anat it 1-3S 194- 
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MciachronuMA IV o( imctcvt (imIk licnui.'lorK^t iCtuin I'l.'i’.i irll'^ I" c v p (ijv-it\ ol 

indiicinq chcmital and chi-miativ thanrcv when .tatnc.l with vimaMc .Ivcv W uh li aii.l Inv a i.iuicv 
ha\c invcvticatcd thiv in tiwnc vcvti.MU o) niatctul (n'ln iltrvii in<Mi» ci v hved in four jv-t icn havn. lead 
acetate and vtamed with one halt jvi .cm t.duidin Mi c '‘nine inciacliiniiiavia iv di ^ t.i the y c^ciuc of 
mucopnlwacvhandcv hm in mhei in taiucv it max be k(c able tn the ] C'C nr nf mhcf ihkIcoI' mcinv 
andvubvtanccvoliinlniwMix.iiiipniti.'n 1 iwiir inavt icll pantile ha\ra it-m alhnitv f.t b.itli tnlnidtn 
and incilulcnc bUic The iiKtavlii.'iiutu leavti.m wav nnaltctcd In evp' n e tn lu altitniiida c Ihcvc 
granulev did not qi\c the bane tcai tn n after dircvtin i w iih vain a The c aiith.. v wcic niiablc to ah.ilivh 
the metaehniniavia t c cm in me rah at v n. \ tc i \ m] la'tn aftet evp i me to t ibn nulca'c 

M b 1 


\s Ivimov I D 'll! 7 lion Ol^tvl*.!*.! lllu'7tl<»tv‘»lllvw|l|('‘lin* biMl, /I H I yf I f I'l ' Ct If 
Starr) From the bailiolopv I'cpalllnent I’nivcl 'it x of 1 u tip 'nj f I’ath and bait ( I'J?" 

The aiithorv luxe dcxcloped a ne" ineiln*il b t ii'inr viidaii bta.l in lii'lctci tiatinr xatnni rfaniilc 
av vecn in drx vmcarv of noiinal Mood Idic icnilt liaxe Ix'di xcix loii'i'fiii at d b'ttci than tho'c oh 
tamed prcxioiivlx 5iii.h tliincv a' lixaiioti in fo iiiah*chxdc 'ap i and the n c of a bnlieted olntioii .on 
taininq phenol luxe improved the tc.hnu ‘'liechan and ^lo ex attfihmc a inordaiitinp avtioi ti> the 
phenol In thiv conncvtion it iiiii't be piiintc.l out that aiiothet intctj cfaini i of the ai non id phe lol |v 
po«iblc, namclx that of lifV'phaticio'iv 1 he anthoiv nude the inicfC'tinp loiiimcnr that in icitam bhmd 
diveaves neutrophilic fpvdx morph Iciiho.xtcv do not .oiiiai i 'i danopliiln naniilc' Ihi' will Ir tie 
veribcd in a vuhvcqiicnt pap-r 

O b ) 

The ErrccTs oi Li xn bxiTt o\ Till Hivioioiitu x*.i» Hiiriix x lu ''wii vtx oi tin 1 xrx xi 1 ttini I! ( 
Bmrtt Jr From the Depart mem of \nitomx. Wcvicrn Ur cixc Ihiixci'itx flcxcland Ohio Am J 
Anat Si ny-tj'^, 1947 

The cffcctv of volmionv cxintainini; i part lead valt to 4X' ox 1 pativ water on the hematop'oictic vx 'tcni' 
of larval bullfrogv wav vtudicd in 40 control and pj tc't aiiinulv Alihonj h both lead acetate and lead 
nitrate produced vimthr rcvuhv, the action of the latter wav more r ipid Anioiii, the lirvi ehani'cv olwcrxcd 
"ere thovc in the mmurc crxthrocxic whivli Ixct Title fragile and viih|cet to frapiiicntation There w iv n 
subsequent incrcavc of imniTturc cr)ihrocMCv and hemoMaviv Din’crciitniioii 'cemed to o.ciir in the 
peripheral blond with the cxcniiul formation of vomc vphcroidal crx ihroplaviidv The liver which iv 
not norniallx a hematopoietic organ in the tadpole dcxcloped K iiiphngrTmilopoictiL irciv in tlic pcri- 
porrai connective tissue In adx anced stngcs of Icid pHiisoning degenerating crx iIiriKx tcv were prevent in 
the sinuses of the spleen In this sitintion thex remained unphagocx tued because of tovic alterations in 
the hiseiocx tes Normallx the intcrtubuhr mesonephric connective tissue of tlic larval frog is the chief 
hematopoietic center This became rapidlx depleted of its ccIIulTr elements md, for some iinknow renson, 
eosinophilic mjclocxtcs -tctuallx increased there 

O P I 

Intercellular Cemfnt AND CAniLAUx pLuvirMuuTX R Cluimbrrs <tud U IK /uetjneh From the Depirt- 

nicnt of Biolog) , Washington Square College of Arts and Sciences, New York Unixcrsitx New A ork 

City Physiol Rex 2- 436-46J, 1947 

This review of the basic anatomic physiology of cellular mcmbr'incs — spccificall\ the capillary wall — 
iscusscs fundamental rather than clinical interpretations of the problems of capillary tonus, permeabil- 
ity. and fragility From the point of xicxs of structure, three types of membrane may be discriminated 
CO one in which the cell itself determines the permeability of the membrane (c g , the provimal tubule 
0 the kidney), (i) one m which both the cell and an intercellular material determine the permeability 
'.c g , intestinal mucosa), and (3) one in which permeability of the membrane is determined exclusively 
or wgely by the intercclfular material Into this last group the authors place the capillary membrane 
he capillary wall consists of endothelial cells plus an intcrcndothchal cement elaborated by these 
sh 'tinmg which seems to be an adsorbed layer of a blood protein, and a pcricapillary 

'^o"“=ctivc tissue With regard to the interchange of material between blood and tissue (i c , 
l^mcability of the capillary), the intcrcndothclial cement substance serves as the basic framework’ 
ts as an ultrafiltcr the selective properties of which depend directly on variations in its porosity 
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Its porosity (and therefore the permeability of the rocmbrane)is high, as compared with the pcrmcabilin 
of the endothelial cells themselves, w'hich is low The porosity of the intercellular materia! mai be 
affected by mechanical stretching, by chemical and pH changes of the surrounding medium, etc Thu 
cement substance is thought to be produced bv the endothelial cells, and to be in a constant state ol 
usage and replacement 

The cndocapillary lining seems to be an adsorbed layer of blood protein, probably albumin, which 
penetrates the porous intcresticcs of the cement and helps reduce the pore size of the cement filter In this 
way. It helps to reduce capillary permeability The pcricapillary' sheath is a condensation of connective 
tissue which serves mechanically to support the blood capillary 

Changes may occur in any of the three components of the capillarv and result in increased permeabilitv 
It IS of interest that the variations in capillary permeability can be explained by changes in the nonhv 
components of the capillary w'all the intercellular cement, the cndocapillary protein, and the pencapil 
lary connective tissue sheath The endothelial cell itself apparently often merely produces the cemcni 
substance It is apparent, correspondingly, that it may be difficult to explain a given change m p-rmci 
bdity on a single basis, and that it is unreasonable to assume a single pcrracabihty factor to account for 
fluid balance in the body 

This article discusses further the topography of the capillary bed, the roles of prccapillarv sammotion 
and of hydrostatic and colloid osmotic pressures in permeability , the nervous control of capillarv permea 
bility, and the significance of \ arious agents affecting capillary permeability' The manner of action of 
histamine, adrenal cortex, and various agents affecting capillary permeability', arc discussed 

SE 

The Effects on Venous Endotheijum of Alterations in Blood Flow throodh the Vessels in Vein 
Walls and the Pctstble Relation to Thrombosis J F 0 Neill From the Department of Phv stologt 
Harvard School of Pubhc Health, Boston, Massachusetts Ann Surg ul 2.70-188,1947 
An ingenious technic is presented for mounting flat segments of xem walls so that the inner coats of 
the xvall can be stained and studied Benzidine, which selectively stains red blood cells, was used to out 
line the vascular plexus in x cm xvalls, and silx'cr nitrate xx as employed in staining and studx ing the imer 
coats of vein xvalls 

Increasing endothelial desquamation xvas found in xein segments xvbich were dissected free from a 
blood, lyraphauc and nerve supply to the xvalls, but xxhich x'cre left unobstructed in situ Despite t e 
presence of raxv, muscular surfaces, hoxxcxcr, intravascular clotting seldom occurred, presumablv berau e 
the xeloaty of blood floxx was maintained When blood floxx xvas reduced by eights to ninetv per cent 
following the application of small metal clamps xxithout isolating the vein from its bed, there was 
resultant endothelial damage but slightly greater tendency toxvard thrombosis Whc'i isolation an 
{jarnal obstruction of xcin segments xvcrc combined, there xvas a high incidence of intravascular cloning 
but It IS acknowledged that further experience with this procedure will be required before firm cone 
sions can be drawn regarding the mechanisms involved . 


CuLTUREor Bone Marrow In Vitro A FtesehanJG Aitahh Pavia, Italv, Tip del Libro, 194^ ^ 

The Italian authors have assembled in a book the results of twelve vears experience conceinmc 
marrow 

They studied in succession normal marrow, pernicious anemia, leukemia, and crvibni a to 
In xirro, normal marrow loses its organic characteristics, immature granulocvtes develop m ^ 

and resmered manner During the course of this development, one mav see a nev generation o F 

blastic cells which arc derived either direcciv from hemoev toblasrs or {xissiblv from p'c i,. 

loblasts Ery throblasts develop much more rapidiv and compicteh than granulocvic' to the o^t ^ 
matte stage or even after a reticular formation, arrive at the red anuclcar i^lohal^r stare 

immaturccry throblasts develop to replace the elements which have evolved ! , hi ' ' 

When after fifteen to twentv davs the parenchvmal elements have gradualK disapyatc f i- 
ccHs develop and arc soon transformed into a pare culture of hbroblasiic elements ^ ^ 

In mveloid leukemia, one meets a similar evolution the decree of development is nodit ere o 
time of survival of 'he paren.hvmal cells analogous 
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InUmphniJ kukcnna «hc va^l^c ui«c «'< aiiJ develop ncru «( »l»c hl'tuMjMu (cllv i*. 

One ma\ note, in aiJclition, niot| Imlopic inoililu aiioii' »if the 1 ' inplioi \ tc ilie » li'niiutin le'.'- thicJ , the 
protopl'i'^m more Jifru'cil' jod t In'- " onld not I'r a inattcf of ai tiial trtnt n to i lie ino>'t 1111 mat lire for iii' 
but the mere adaptation of the cell' to a nci\ cii' iroiiniciit It h imp 'itatit to note iliat tfic hi'tiomono 
q tic cell-: observed do not c\cr icviill in Kinpln-hV tn. element <■ the mattet omccriu i\\o separate dc\ clop 
ments, and the dilTercnccv can onl\ niahc thcm'cl\c'- plain <-iHcc'.*ncl\ in the culture the l\ mphorc tc 
doappear when the hotuxe tc>' arc tiamfo med into the fil’toManv c Inch alone 'ur\ i\c 

In acute leukemia, a new fact i'- ol'taincd the p "»ihlc 'Ui ' i' al of parcncln mal eleme it"- after a month 
of culture DifTcrcnt inctructuic the ti'iot cell of amte Icul ctnia do not pi\c tuc to inactopharc’' or to 
true monoc\ te^, nor to fihrohIavt>- The cMtcmcK p >K moiphic element <• which can take '■hape, althoiiph 
of hwtoid morpholopc , arc of hcino ' to invcIoMa'-rii aj p'ataiicc hut do not appear to form anc fcll< of 
a normal groupinq The cclK of acute Icnkcniia arc of the p cpatcnrlic mal txjv \ Inch doiihtlcc'. 
explamc tlicir particular facnltx for •■nrv i\ al, thonph thee do not ex oKc loxxard the lih ohla'-tir crape 
Thu'; chronic Icxikcmia and acute Iciikcmta app'ar to p w'cee xerx dtlfcrc it hotopcncM’- 
The authors exp-ct cltortlx to icctic a da cificatio 1 of the Iciikctma U'c limit on <clxec here c<* a hrief 
resume of the requite of mcdxiUarx cxdtxitc to the lciikcmia<. xvhich doplaxxai the 'ainc time the intcrc't 
ing aspects and the actual limitc of the method of sfiidx to which 1 ic'chi and ^«.taldl haxc dex oted them 
sclxes 

1 I><; 

TiiEErrtcrx or CxrrRixii sTAt HMirixnivix \*vo Ui ern xf»T ns tmi Ihootx xso Hi moi iitic Onoxvtoi 
THE 'kumso Rat { f Ltrt t :i/U’ 1 ' N’r/ini { r<xm the ncpatinicnt of \naiomx , Cixllcpc of Medt 
cine, Unixcrsitx of N’ebnska, Omaha Nchnska \m ) *inat }ii 551 iy^‘' 

The authors studied the ciTccts of sustained fexer o i the Mood xalnes of xxhitc rats, and in a prelim 
man stud) thex used as controls txxo animals xshich wcic tintrcaicd except for liandlinp and one xxhtrh 
was restrained hut untreated Quite tinexpcctcdlx the restrained animal shoxxed marked clianpcs Hence 
the problem of detcrmininp xxlnt clfccts on the Mood and Mood forming organs were attrilnitablc to 
hx'pcrpx rexia alone arose Albino rats xxerc placed in a Kettering lix pertlicrin and after rectal tempera 
ttircs reached 103-104° T , tlic) were maintained at this icmperatnrc for fixe hours Blood samples were 
obtained from the tail Doth sustained fexer and restraint produced a marked lx inphopcnn after the first 
hour Neutrophils first increased then decreased modcraiclx and finallx increased again during the fourth 
ind fifth hours of hx'pcrpx rexia In the ease of restraint, neutrophils increased stcadilx to tx\ icc tlic alxso 
lute xaluc in fixe CO SIX hours This increase x\ as not sufficient to offset the lx mphopean in heat-treated 
inimals GansequentU , a Icukocx tosisdid not occur Tissue studies indicated a rclatixc marroxv depression 
m hypcrp)Tcxia and no cxidcncc of a neutrophilic infiltration in xarious organs Tlic marked Ijmpho 
penia was accounted for in pare b) a failure of dclixcrx and to a greater extent bx degeneration and destruc- 
tion of 1\ raphoc) res 

O P 1 

Hematopoiesis in the European Plfthodontid, HaTJROMANTEs Italicus, with Reperencb to 
Phvxoqenx W C Biurm, Jr , From the Department of Anatomx , Western Reserxe Univcrsiq , CIcxc 
land Anat Rcc 117-136, 1947 

Most hematologists arc so engrossed xsith problems related to clinical hematology that not infrc 
qucntly thc) forget about the xast and rclatixcl) unexplored field of comparatixc hematology In the 
nman, some disturbances of thc hematopoietic organs may be recognized and classified according to thc 
type, amount and distribution of hematopoietic tissue Biologists have put somcxvhat similar informa 
tion to an cntircl) different use Knoxvlcdge that hematopoietic loci ma) be variously distributed in thc 
organs of amphibia, and that they ma) be either Ij mpboeq-thropoictic or lx mphogranulopoietic, has 
^ e It possible to determine the phylogenetic position of certain genera 

OPJ 

Shwnkage or Lymphatic Tissue in Rats Foleoxvino 1 n|ections of Insulin I T Zecker From the 
epartment of Patholog), Umversiq of Pennsvhania School of Medicine, Philadelphia, Pcnnsvl- 
'ania Am J Ph)siol jjj i 6 j-xyo, 1948 
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In ^ ic« of the worL of Sci) c « ith the alarm reaction, and of White and Dou^hert) %Mth an intent 
Jationship bct« ecn adrenal cortex and lymph nodes, it as thought of t aluc to see w hethcr other agents 
known to affect the adrenal glands might lead to similar effects in the Ijmph nodes Specifically , since 
insulin IS knenvn to stimulate the adrenal medulla bj tvay of the s\ mpathetic nertous system, would the 
same results upon ly mphoid tissue occur following this endogenous release of epinephrine, as occur, for 
example, following an alarm reaction, or the inyection of (exogenous) adrenalin? 

The author injected one group of rats with epinephrine daily for three to sc\cn days, and another 
group of rats with ascending doses of insulin daiU for three to sexen days Other rats served as controls 
The rats were then killed and their tissues weighed With few exceptions, it w as found that adrenal tissue 
enlarged after insulin or epinephrine, and that ly mphatic tissue shrank after insulin or epinephrine 

The author postulates that xanous stimuli (e g , injury, insulin) xvhich cause discharge of adrenal 
medulla secretion, in so doing also cause sloxxcr but more sustained cortical actnity (after injurs, for 
example, the cortex enlarges, loses its lipids, and secretes its hormones) Hence, perhaps, the adrenal 
medulla is a link in the pituitary -cortex intcrrelacionshtp, and, also, stimuli w hich affect this relationship 
may therefrom affect the lymph nodes 

Although no blood counts were done, mention is made of a previous obscrsaiion that insulin produces 
lymphocytopenia and dissolution of cells m lymph nodes (Latt, J S ,and Henderson,] \V .Folia hactna 
tol S7 1^, 1337)1 1 c , a reaction similar to that found by Sclyc following an alarm reaction, and b\ 
White and Dougherty following the injection of adrenal cortex 

SE 


An Expebimental STunt OP Lymjk Node Reoenbratiom IN Raubits W J Furuta From the Department 
of Anatomy, Unis crsicy of Illinois College of Medicine, Chicago, Illinois Am J Anac Se 437'5°S' 

1947 

Although many reports haxc been made on the regeneration of lymph nodes, thci have not been too 
careful in reporting the age of the animal, method of node removal and length of postopcratiic prriod 
The results in the present article were obtained after a study of ^70 specimens of popliteal nodes obtained 
by unilateral and bilateral excisions of lyx rabbits (three days to three and one-half i cars in age) Poph 
teal 1) mph nodes prior to fixation measured 8 X la mra Supernumerary nodes were xcr> rare Regenera 
tion, progcssixc diffcrenriation of undifferentiated tissue, was optimum in incidence and quality m rabbit^ 
about one and one-half months old, thirty days postoperanvely This occurred from ly mphofeticular 
ussuc in pcnnodal areolar tissue One of the most outstanding findings was that senile nodes ma> be 
actix ated bx tx phoid x accine so that there is perhaps no complete loss of structure and (unction 


Age Changes in Lx-xiph Nodes F A De>K From the Department of Morbid Anaiomv, Unixersitv 

College Hospital, Medical School, London J Path and Bact yp 575~59*> ^947 . 

Oxer three hundred lymph nodes from deep ccrxical, inguinal, bronchial, mesenteric and 
groups xxcre obtained from 150 autopsies Three groups of subjects xxcrc cquallx dixided among 
denxed from (a) accident eases, (b) acute medical and surgical eases, and (c) chronic disease ca'es ^ 

respect to structural differences and response to aging, lymph nodes max be dixidcd into txvo ^ 
superfiaal and deep There is a difference bctxxccn cortical and mcdullarx reticulum (argxrophi 
in both In the cortex the mcshxxork is larger, more open and pohhcdral in shape than in ^ , 

Superficial nodes undergo retrogression at pubertx This is characterised b» a shrinkage ol 
tissue on the capsule rather than the hilum xxhich results in a cup-likc structure filled with ^ ^ 
tissue Germinal centers of the superficial nodes arc fewer in number, smaller m sire and ^ 
smaller pie centers than those of deep nodes Although there is a diminution in size of gcrmina 
of deep lx mph nodes from pubertx onward, thex can soil be found at the age of cighix ^ 

changes in deep Ix mph nodes ate unlike those in the superficial group in that there is a gti UJ 
the fetal txp of node OPJ 
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contraction and emptying of the postulated stored blood in human adults He injected blood (.ontamini; 
labeled red blood cells O^bcled with radioactive phosphorus according to a technic of the author'' 
into 5 healthy men, and took blood samples in lo and again in 15 minutes after the injection The sub- 
ject was then made to do severe muscular work, and two further blood samples taken, the first at 15-). 
minutes, the second at 2-7“39 minutes All samples were subjected to radioactivity determinations in a 
Gcigcr-Muller counter It had previously been shown by the author that the radioactivit) of the blood 
remains constant for at least 60 minutes after such an injection, hence, the volume of the circulating red 
cells could be measured bj the radioactivity of the blood Presumably, if any reservoir of blood \% as pres 
ent which responded to the severe muscular ctcrcisc, discharge of red cells from this resets oir would 
change the radioactivity of the circulating blood 

Nylin found, actually, that therre was no significant change in the specific radioactnu) ot the blood 
after exercise within the time studied For all the patients, the mean circulating cell ^ olume before work 
was ty4o8 ml , as compared with x,47i ml after work, and the mean circulaung total blood \olurac before 
work was 4,934 ml , as compared with 4,855 ml after work Since the amount of the red cells was un 
changed, it was concluded that there was no reservoir which empties red cells into the circulation after 
work This result is in contrast with the work of Bancroft (m dogs), and with the commonh held opin 
10ns that epinephrine contracts the spleen and thereby increases the numbers of circulating red cells 
If verified, these conclusions would be of great theoretic importance 
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platelets, depending on the conditions of collection and observation of the blood, 
was perhaps the reason for regarding them as extrinsic matter, peculiar to certam 
pathologic conditions In 1873, Vulpian* noted the presence in the blood ofcolor- 
Icss corpuscles having the properties of sticking to the cover glass and accumulating 
in clumps In the same year, Ranvier^ observed in the center of the fibrinous net- 
work that appears during coagulation of blood, granulations with tinctorial char- 
acteristics different from those of leukocytes and erythrocytes He advanced the 


PiiTsioioGiE — Dc /ongme dcs globules <iti dc lettr mode dc 

JormnUon ct de lent fin , par M \u Do^xs (Lxtrait par 1 atiteiir ) 

(Gmimissatrcs, MM Magcndic, Hourcns, Dumas, Milnr iMwanU, ) 

1 II cxistc dans Ic sing (mis cspeces dc parlicnlcs i® Ics globules miigt’s 
ou s.uigiitns proprcmcnl dils , a" Ics globules Manes qm nont bicn 
conntis que d.insccs denuers temps, 3" Ics globulins do cli\lc. 

»Les globules rouges sont plits dans tonics les csp^ccA de sang; lU sonl 
nrculiires dans !c sang dcs mammiferes • -ct elbphqiies dans ccini dcs 
nis< i(j\,*dcs poissons el dts reptiles 

Fio I Excerpt from Dontje s Report before the Paris Academy of Sciences (1S41) 




Fig i Drawings n\ Wiluam Osler Illustrating the Organisms He Ooseried in the 
Venules of Freshlf Killed Rats (1874) 


View that these masses probably determine the coagulation of blood, verj much in 
the same way as the cry seal of a salt brings about the ct) stallization of a saturate 
solution of that salt 

In 1874, OsleH® pointed out that the ' granular masses" of Scbulizc result tro 
the agglutination of small bodies ulmh occurred as ssngh uusts in the ctretdattor c 
demonstrated, and his illustrations clearl) shoued for the first time, that t c'- 
eranular misses occurred as single dements in the circulating blood (fig 
came together iihcn the blood u as shed Osier s observations \%crc carried out m 
the venules of rccentlj killed } oung rats, and mark the time u hen the plate ct 
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gan to be held, not as an artefact or a by-product of a change in shed blood, but 
as a normal constituent of the circulating blood itself 
A few years later, Hayem“ pointed out that “il 6\istc dans le sang de tons les 
vertebras des petits elements qui ne sont ni des hematies, ni des globules blancs ” 
He, however, believed that the elements represented primitive red corpuscles that 
had not gone beyond a certain phase in their evolution, for this reason he called 
them “hematoblasts ” Hayem attributed to the hematoblast a double function it 
was a coagulation accelerating agent C**le sang porte dans son sein un hemostatique 
puissant”)'- and it played a role in the regeneration of blood, a conclusion based 
on his observations on changes in the platelets after hemorrhage and in acute 
diseases Some of Hayem’s first studies were concerned with the evolution of the 
red blood cells in the blood of oviparous and viviparous vertebrates It was these 
and subsequent studies that led him to consider the platelet as a precursor of the 
red blood cell Without the breadth of his training and experience it was, and is, 
difficult to follow his views Today, the available evidence makes it unlikely that 
such a relationship between platelets and red blood cells exists, as claimed by 
Hayem The prevailing view of the origin of platelets renders it improbable that a 
body that arises from fragmentation of the cytoplasm of megakaryocytes may later 
be transformed into a red blood cell Moreover, the morphologic features of the 
precursors of red blood cells are now well established and differ substantially from 
the platelet 

The existence of the platelet as a distinct element in blood within the vessels 
Was further confirmed by Bizzozero He seems to have been the first to observe 
the platelet circulating in the blood of living animals He stressed that the ‘ ‘granu- 
lar masses” of Schultze were neither residues of white corpuscles which were de- 
stroyed before or after collection of the blood, nor granulations of fibrin, as thought 
by Ranvier The masses were derived from special morphologic elements pre-cxist- 
ing in the blood, which he called “plattchen ” Bizzozero was probably influenced 
by the expression ‘ blaschen” (globule, vesicle) that had been previously used by 
Zimmerman It was Bizzozero'® who established securely the foundation for the 
present day conception of the platelet as a distinct element of the circulating blood, 
( Einen neuen Formbestandteil des Blutes”) (i88i), and indicated the part it plays 
in thrombosis Before his work, the white thrombi were considered to be made 
up principally of leukocytes By a number of ingenious experiments, Bizzozero 
demonstrated that the white portion of these thrombi consisted almost exclusively 
of platelets, gradually accumulated at a point in the vessel where the wall had 
been injured or the circulation obstructed Once accumulated in a mass, ‘‘in vivo” 
or in vitro, the platelets underwent changes in appearance, became unusually 
sticky, a phenomenon he designated as "viscous metamorphosis ” Bizzozero’ s ob- 
servations had the merit of having been made on the circulating blood of a living 
animal (fig Osier’s observations were made on the vessels of dead animals, it 
was perhaps because of this fact that, at the time of his report. Osier’’ was not 
quite clear in his mind whether these bodies might be bacteria The title of his 
paper An Account of Certain Organisms Occurring in Liquor Sangtunis”'® carried 
' at implication The expression plaquctte” was not used by Bizzozero'® in his 
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work until 1891, and seems to have been introduced by Hayem^' in 18S3 Bizzozcro 
originally referred to these bodies as ‘ petites plaques” or simply ‘ plaques” (fig 
3) The English word platelet” does not seem to have been used until later m the 
19th century Osler^* was among the first to translate Bizzozero’s expression ”Blut 
Plattchen as Blood Plates although he did not consider it a good descriptive 
word Other expressions used to designate these elements were “blood plaques, 





CN 


En c\ainniaiifc a\oc un ohjectif inuneision le contenu de ces vaisseaut 
(leincs ou capillaiies) on ariive a ce resultat surprenant, qu’en r^ahtc 
acd/( (Icf! (flohulcs lour/es ct ( 7 cs f/lohules hla)ics circttle nn f) oisjdmc 
dnmit morpholofinjue (fig 2) 11 est lepresentd par de petites plaques ^ 
tres pales de la foirne de disques a sni faces paralleles ou, plus inreraent, 
de lenlilles otales ou rondes, d nn diametre egal an tiere ou i la moitie 
de celui des globules rouges Ces plaques sont toujonrs mcolores et 
circulcnt dispersees iiiegiilieicmeut entre les autres globules, no mon- 
trant point de preferenco pour la partie centrale plutDt que pourlapartie 
penpheriquc du com ant Oidinairement elles sont isolees les unes des 
autres cc qili n empficlie pas cependant que souicnt on ne les trouve 
reiimcs en gioupes plus ou moms giauds Cette agglomeration est deji 

Fig 3 Illustration and Text in Bizzozero s Paper, Demonstrating the Existence or 
Petites Plaques in Blood Within the Vessels op Living Animals (iSSi) 


disklcts,' third corpuscles, fugitive corpuscles,” ' fugitive discs, 

‘ invisible colourless discs 

Among those who lent their support to the discoverj’- of the neu morpho ogic 
element was William H Howell who died in Februar) 1945, after a career in ph)Si 
olog) extending over a half a centurj His first paper corroborating and c\tcn mg 
Bizzozcro s observations was published in Science ’ in 1S84 One of his 
papers proposing rhe lungs instead of the bone marrow as rhe principal source 0 

platelets appeared in 1937 - . u of A 

Bizzozero s monograph gave rise to much opposition from the pup 
Schmidt'^ and Low it-' who adhered to the thcorv that the bodies designate 
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"Plattchen” by Bizzozero were derived from fragmentation of leukocytes Much 
of the disagreement and contradiction in papers that followed Bizzozero’s may be 
attributed to technical difficulties that, even today, try the patience of those en- 
gaged in the study of platelets The many shapes and arrangements presented by 
these bodies have confused some investigators, whose opinions rested mostly on 
morphologic evidence obtained ‘ in vitro ” Bizzozero also departed sharply from 



Fig I Nomalcr, sebnoUer Dlulstrom, aiialcr Character 



Fig 2 Randatellung dcr Leucocyton, geringe Vcrlangaamong 
der CircolationBgescbwindigVoit. 



a. 


Fig 3 Blutpiattcben a la dcr plasnjatitcbcn lUndrone 
Starke Verlangsatnung dcr CirculatloDSgcBcbwindigVeit Abnohme 
dcr RandslelluDg dcr Leucocytea 



a 


Fig 4 Stagnation Kach A favalino rotho Tbromboan, 
nach B bln Communication mit elnom atrSmenden Gefisse 
Pl&ttcbcn a xnm Theil verSndert (rackig) 








Tig 5 tVandatSndiger Blatplgttcbentbmmbna 


Flo 4 Illustrations of the Paper by Eberth and Schimmblbusch Depictino the Mode op 
Formation op Platelet Thrombi C1885) 


the view held by Schmidt^® that the fibrin ferment originated from the destruction 
of leukocytes Among the opponents of Bizzozero’s ideas were Weigert,-® who at- 
tributed the findings of the Italian investigator to artefacts resulting from vessel 
compression, circulatory disturbances and the anesthesia employed Bizzozero 
countered these objections by repeating and confirming his own observations on 
the mtact vessels of the wing of a living unancsthctized bat 
Wooldridge®® on the basis of experiments with incoagulable bloods, especially 
a ter the injection of peptone, believed that platelets were simply a precipitate of 
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the globulin portion of the plasma ( 'Globulin Platahcn ) and not i distma 
element of the blood Lowit-' supported Wooldridge's contention and hroimht 
out much evidence against the existence of the platelet The idea that the platelet, 
as such, docs not exist in the blood is still encountered in modern texts,’ ’ a reper- 
cussion of the obscra'ations of Wooldridge The observations of Buzo/cro, were 
later confirmed and extended bj Eberth and Schimmelbusch” and Laker’ while 
stud}ing the circulating blood in the vessels of living dogs and other niimmaU 
Eberth and Schimmclbusch further pointed out that in blood within the ac'.scK, 
the corpuscles usually run in the center of the stream, the pcriphcr} hcini; made 
up of plasma alone (fig 4 ) Slowing or stasis of the circulation is followed 
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of blood generally accepted today as representing the normal does not differ sig- 
nificantly from that found by Hayem 

From a consideration of the facts brought out by Bizzozero, Hayem^- concluded 
in 1881 that the platelet thrombus played an important part in the arrest of bleed- 
ing, and that a decrease or absence of platelets should result in disruption of the 
mechanism of hemostasis A year later (1883) Krauss” reported in one form of 
hemorrhagic disease, purpura hemorrhagica, a diminution in platelets followed by 
an increase, after the hemorrhage ceased In 1887 Denys^'* confirmed this finding 
and later Hayem^® actually counted only 6l,ooo platelets per cmm of blood in 
a young patient with purpura Hayem®® also drew attention to the large size 
of the platelets and the soft quality and poor retractility of clots formed from the 
blood of these patients, and attributed these defects to the decrease or absence of 
platelets 

Hand in hand with the efforts of observers of the time in affirming or denying 
the existence of the platelet as a distinct element, went attempts to trace the 
source of the elusive bodies Many held the view that they originated either from 
nucleated red cells or from the red cells themselves Engel®^ derived the platelets 
from the nuclei of normoblasts and Wlassov®® and Bremer®® believed they came 
from disintegrated erythrocytes, and did not accept them as constituting a third 
clement of the blood The bodies examined by Wlassov and Bremer must indeed 
have been by-products of disintegration of erythrocytes, resembling platelets only 
m form, the same bodies were later studied by Arnold'*® in intravascular clots 
and in blood allowed to stand outside the body for several hours These ideas were 
corroborated and in part amplified by Muller,'** Determan,^® Maximow,^® and 
Schwalbe '*'* Antagonists of the theory that the platelet was derived from the de- 
struction of red blood cells were Petrone,^® Sacerdotti'*® and Dominici,^^ who criti- 
cized the view of Arnold and adherents of his theories, and pointed out that their 
conclusions rested on artefacts from preparations of dried smears of blood This 


recurring source of confusion was partly due to the fact that differentiating stains 
Were, at the time, not generally available It was not until the polychrome Ro- 
manowsky stains and azure dyes began to be widely used, that it was possible 
to separate the red-to-violet azurophilic granules of the platelet fropi all sorts of 
granular material in and out of cells Domimci^^ introduced a new, and what proved 
to be a partially correct, conception of the origin of the platelet He held that plate- 
lets were ‘orgamtes,” that is, formed elements liberated by cells and lacking a 
nucleus As the ‘ mother cells’ ’ of the platelets, he described mononuclear cells with 


a protoplasm distributed in long pedicles which, when broken off, made up the 
platelets It is possible that this conception influenced the work of Wright It 
differs from his theory in only one respect Wright showed that this fragmentation 
took place from the cytoplasm of the megakaryocyte 
Two other workers of the Italian school came close to the solution of the prob- 
of the origin of platelets Wfiile studying the formation of the red blood cells, 
oa and SalviolH® observed that the giant cell of the bone marrow, first described 
' ^t^zozero®® m 1S69, and later (1890) called megakaryocyte by Howell,®* frag- 
jnented into many colorless hyaline bodies Foa and Salvioli thought these cell 
'■agments were the precursors of the red blood cells This view and Hayem’s ideas 
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overlap at certain points, for Hayem thought that platelets (which we nov knoi\ 
were the cell fragments observed by Foa and Salvioli) were the precursors of er\ th- 
rocytes (‘ hematoblasts ) 

Bizzozero’s conception of the platelet as an independent element of the blood 
was soon carried even further by those who claimed for it cellular characteristics 
common to most cells Deetjen®^ using osmic acid fixation, believed he had shown 
that platelets had a nucleus and protoplasm By special technics he also claimed 
to have demonstrated that platelets send out protoplasmic processes similar to the 
pseudopods sent out by leukocytes, a fact confirmed by Wright,^® tvho saw’ some 
of the pseudopods retract The observations of Deetjen were supported bj Deck- 
huysen®^ and Koppsch These concepts influenced Deckhuysen perhaps to regard 
the mammalian platelet as homologous to the nucleated spindle cells of inverte- 
brates andjoviparous animals, which behave, when the blood is shed, vert much 
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Fig 6 Copt of a Color Plate in Wright s Article (1910) 

McgaLar) oc) tcs'bordenng the sinusoids of the bone marrow and extending processes into the blood 
current, fragmenting giant platelets 

like the mammalian platelet This is why Deckhu}sen called these cells in the 
lower species, thrombocytes 

Vassalc®* and Foa and Carbonc^^ were among the first to find platelets in the 
spleen Foa®' differed from Vassale regarding their presence in the l}mph nodes, 
Foa considered the hyaline bodies of the lymph nodes to be fragments of mono- 
nuclear cells and not true platelets 

Wright s discovery in 1906®'* that the megakar}’’Ocytc of the bone marrow ga^c 
rise to platelets b} fragmentation of its cytoplasm was the next important de\cIo{> 
ment (fig 6) All those present when Wright exhibited his preparations agr« 
that his demonstration was quite convincing His views, howeter, were ta cn 
up slowly by European investigators Part of the reason for this might ha%c 
the relative lack of clarin of the illustrations accorapaoMng his first contribution 
(1906) His arguments were strengthened bj a later report in which the docum^n 
tation was clear and striking With but a few exceptions, one bv one the lea mC 
histologists of the world have come to accept his views 

It w’as probabh due to W right s interest and stimulating influence that 
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Duke became interested m the problem of platelets and their relation to abnormal 
bleeding Duke came under Wright’s influence early in his career, as a house officer 
in the Massachusetts General Hospital The role of the platelet in spontaneous 
hemostasis, first clearly visualized by Hayem, was convincingly shown by Duke*'® 
when he proposed the "bleeding time" of the skin as a test of a general tendency 
to bleed Duke showed that there existed a close correlation between the number 
of platelets in the blood and the duration of the bleeding time Apparently for the 
first time, abundant clinical as well as experimental evidence was gathered in sup- 
port of this relationship Duke was responsible, perhaps more than any other con- 
temporary author, for strengthening the concept of the role and importance of 
platelets in disorders of hemostasis 
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THE ROLE OF ALLERGY IN THE PATHOGENESIS OF PURPURA 
AND THROMBOCYTOPENIA 

By Frederick W Madison, M D 

A llergy by one term or another has been recognized as an etiologic factor in 
purpura since the earliest descriptions of that disease Until very recently 
however, the intangible nature of both allergy and purpura, the multiplicity of 
potential etiologic factors, and the lack of exact knowledge of the pathologic 
changes in the latter state have made determination of the relative importance of 
allergy virtually impossible Even now it is very difficult to evaluate the role of 
the allergic mechamsm with accuracy To attempt such an evaluation, it is es- 
sential to review briefly the chronologic development of the knowledge of the ex- 
istence of allergic factors in the pathogenesis of purpura It is likewise essential 
to define terms, for, as Piney^ has recently stated, “Among the confused chapters 
in hematology, purpura is the most confused ’’ 

For a number of years it has been our custom to use the term purpura to indicate vascular changes 
onl) * These vascular changes are characterized by reversible alterations of as yet unknown character 
in the walls of the smaller vascular radicles which make possible the escape of whole blood from the 
vascular bed Such escape may occur more or less spontaneously Cpctechiac, nontraumatic ecchymoscs) or 
It may be induced by mcrcasing the intravascular pressure (e g , tourniquet test, ’ Gothlin test,'* etc ) 
or by deaeasing the evtravascular pressure ( sucuon test, ® capillary resistomctcr,® etc ) Artificial 
induction of pctechiae is the most sausfactory criterion for the diagnosis of purpura at the present time, 
although lack of standardization of technics and variability of the vascular changes have made inter- 
pretation somewhat difficult Other tests'^ * arc more complex and less suited to routine clinical use, but 
arc useful for supplementary or corroborative purposes After comparative trial of the various tests, we 
have come to rely almost cnarely upon a simple tourniquet test done with a pneumatic arm band 
at 100 mm of mercury (unless the systolic pressure is below char level, in which case it is correspondingly 
reduced) and maintained for 8 mmuccs, unless extravasation of blood is so marked as to cause excessive 
infiltration of cutaneous tissues, in which case it is stopped at a shorter time A representative area z. 5 
cm in diameter is chosen, and the pctechiae m it arc cither counted or recorded graphically More than 
ten easily seen pctechiae within the circle is regarded as a positive test, and the pctechiae in excess of 
that number may be regarded as a quantitauvc depression of the test A positive test is interpreted to 
indicate the presence of purpura, but a single negauve test is not adequate to rule it out because of the 
tariablc nature of the vascular changes 

Purpura m this sense may and does most frequently exist alone ^ It may, how- 
ever, coexist with or be complicated by defects in the coagulation or clot retraction 
Mechanism of the blood Chypoprothrombinemia, thromboplastin deficiency, 
thrombocytopenia, fibrinogenopenia) in which cases the combination of inadequate 
ood coagulation and leaky” vascular walls produces an hemostatic error of 
such magnitude as to cause serious blood loss From a clinical standpoint, it would 
seem to be much simpler to separate the vascular and hematologic factors and, at 
east for the purpose of etiologic studies, to consider thrombocytopenic purpura 
as purpura xvith thrombocytopenia or as two coexisting abnormalities The im- 
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portancc of this dual approach is apparent m tracing the chronologic development 
of the knowledge of the etiology of these states 
One of the earliest discussions of the etiologic factors in vascular purpura is to 
be found in the “Opera Omnia" of Riverius According to the English translation 
of Culpeper® (1678), he stated “But there is one Symptome proper and peculiar 
to a pestilential fcaver which doth not happen in other Feavers, viz, Purple Specks 
or Spots on the whole body which the Italian Physicians name Pcticulac or 
Petechiae, and these Feavers which have these symptoms are commonly named 
Purpuratac or Pctcchiales and sometimes they are very large and possess whole 
members and then the parts appear tainted with redness which in a few hours 
oftentimes vanisheth away, and then returns again and are commonly called 
Ebullitions of the blood There do appear in other Diseases, spots very like 
unto those aforesaid, but springing from a far different cause, viz , from the over 
thinness of the blood, which being exagitated by the heat or the expulsive faculty 
doessproutforthof the Capillary Veins into the Skin These spots arc wont for the 
most part to appear in such as have some Flux of the Blood, because the Blood in 
such is more thin and watery and also in Splenetick persons, and in such as have 
the Jaundice and old obstructions of the Bowels, and in all such who are apt 
to fall into a Cachexy " Interpreted in modern terms, Riverius suggested that in- 
fections, blood diseases, malignancy, diseases associated with splenomegaly, jaun- 
dice and cachexia were of etiologic importance in purpura The reference to the 
redness which in a few hours oftentimes vanisheth away, and then returns again 
may well be construed to represent the earliest recognition of an etiologic mechan 


ism which might now be regarded as of allergic nature 
The next important addition to the list of causative or associated factors came 
a hundred years later when WerlhoP® in 1735 described the classical case of an 
adult girl, robust, without manifest cause, attacked toward the period of her 
menses with a sudden severe hemorrhage from the nose and about the neck 
and on the arms, spots partly black, partly violaceous or purple It is well to 
recall that no knowledge of thrombocytopenia or other coagulation defect existe 
in the eighteenth century but, regardless of the presence or absence of such e ect, 
this would seem to be the first recognition of endocrine factors in the etiology 0 
purpura In the same period Hornung“ suggested that clinical purpuras be ivi c 
into simplex, febrile and scorbutic types, thus apparently recognizing in his t ir 
group what we now know to be deficiency states as important etiologic factors 
The most tangible early suggestion of the relationship of allergy to purpura is 
found in the classification of Willan*® (1808) which included five types purpura 
contagiosa, purpura simplex, purpura senilis, purpura hemorrhagica and purpur 
urticans It is of interest to note that this classification may have been the 
of the term purpura hemorrhagica which has continued in general usage to 
present time A few years later Schonlein^® (1837) reported the symptom 
which has borne his name and in which purpura occurred in association wit 
tiple joint involvement The recent report of Montgomery*'* of the incidence 0 pu 
pura in rheumatic fever has rc-emphasized the importance of this symptom 
In 1868 Henoch** described a similar case and recorded the addition of severe 
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dominal pam and intestinal hemorrhage Six years^® later he added several similar 
cases and the syndrome characterized by purpura and abdominal pain has since 
borne his name Many years later Glanzmann,!^ in reviewing these syndromes, 
suggested that the basic mechanism in all of the cases of both the Schonlein and 
the Henoch types was of allergic nature and suggested that they be termed “an- 
aphylactoid purpura," a view which has been almost universally accepted The 
clinical reports of Osier, and more recently of Eyermann^® and others, have firmly 
established the importance of the allergic mechanism as an etiologic factor in a 
considerable portion of the cases of simple purpura without coagulation defect 
It IS interesting to note that in 1914 Osier stated that ‘ perhaps the anaphylactic 
key will unlock the mysteries of the purpuras 
Thus by the middle of the nineteenth century the multiplicity of etiologic factors 
in purpura was well recognized It was known that it might occur as a result of or 
in association with a varied group of clinical states including infections, diseases 
of the blood, malignancies, cachexia, endocrine disturbances, deficiency states in 
addition to gastro-intestinal, skin and rheumatic syndromes that are now regarded 
as of allergic nature Clinical reports and experience since that time have confirmed 
amply the existence of all of these factors, and in recent years have emphasized 
the importance of the allergic group 

Until the latter part of the mneteenth century, purpura was considered simply 
as a vascular disease because of the paucity of knowledge of blood coagulation 
defects There had been no knowledge of the existence of blood platelets until 
the studies of Donne®® (i84x) suggested the presence of a third cellular substance 
in the blood Hayem®^ confirmed these studies in 1878 and Bizzozero®® completely 
established the identity of blood platelets in 1882. Brohm®® (1881), Denys®^ (1887) 
and Haycm®® (1895) soon discovered the fact that the blood platelets were sharply 
reduced in some cases of purpura though not in all 

In the decade or two which followed the discovery of the relation of platelet 
reduction to purpura, profound changes occurred in the interpretation of the dis- 
ease Attention was focused primarily on the platelet reduction, and clinical cases 
Were divided into thrombocytopenic and nonthrombocytopenic types with sub- 
division into secondary and primary groups depending upon whether or not they 
Were associated with recognizable clinical disease Partly because of its dramatic 
clinical manifestations, and partly because of the absence of tangible etiologic 
clues, primary thrombocytopemc purpura" quickly occupied the center of atten- 
tion and has retained that position to the present time Numerous synonyms have 
developed, including essential and idiopathic thrombocytopenic purpura and 
Morbus maculosis Werlhofii, with varying appropriateness It is important to recall 
also that, prior to the time when the concept of primary thrombocytopenic purpura 
Came into existence, it was impossible to differentiate severe purpura from hemo- 
philia, hvpoprothrombincmia and fibnnogcnopenia as we know them today Con- 
s^uentU It IS not surprising that thrombocytopenic purpura, with its severe and 
o ten lethal blood loss, should have been grouped with these diseases under the 
general title of hemorrhagic diseases and more or less separated from its closer 
‘CS' the nonthromboc) topcnic or simple purpuras This confusion was rela- 
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tively short-lived however and was cleared by the development of practical meth 
ods for the enumeration of platelets, demonstration of the lack of syneresis ii 
thrombocytopenic purpura (Hayem),='> development of satisfactory methods foi 
determination of coagulation time, development of the tests for bleeding time 
(Duke)-® and prothrombin time (Quick), and the clinical observations ol 
Hayem,-® Minot,-® Duke,-® and many others 
The pathogenesis of the thrombocytopenia which was found in the last decade 
of the nineteenth century to occur so frequently in association with purpura has 
been the subject of many evperimental and clinical studies since that time, although 
a few workers have maintained interest in the vascular phases of the disease, and 
a still smaller number have steadfastly persisted in efforts to correlate the vascular 
and hematologic phases Haycm suggested that the reduction of platelets was due 
to decreased production or increased destruction of those elements, but since the 
origin and fate of the platelets were still unknown at that time he was unable to 
throw any light on either mechanism Significantly, however, he did suggest the 
possibility of an allergic factor in the latter mechanism by demonstrating the re- 
duction of platelets in ‘ anaphylactic” states after peptone injection, and with het- 
erologous serum He also demonstrated platelet reduction in severe infections It 
was during this period, apparently, that the concept of the vascular changes being 
due to the platelet reduction gained favor, a concept which contributed much to 
the confusion of the subsequent years Hayem’s experimental work with heter- 
ologous serum doubtless provided the background for the tremendous interest in 
the reduction of platelets by the use of antiplatelet sera which was studied by 
many observers during the early part of the twentieth century and which demon- 
strated beyond question the susceptibility of the platelets to antiplatelct substances 


of biologic origin 

It was also during this period that the origin of the platelets in the megakaryo- 
cytes of the bone marrow was established by Wright®® and corroborated by Bunt- 
ing®^ and by Downey This observation provided a valuable clue to the mechanism 
by which platelet reduction might occur as a result of decreased production, an 
It was soon established by Duke,®® Minot,®® and others that platelet deficiency 
did occur in bone marrow diseases such as leukemia and aplastic anemia Duke a 
confirmed the reduction of platelets in severe infections, notably diphtheria an^ 
tuberculosis, after peptone injection, after massive x-ray irradiation (Heme cj, 
demonstrated reduction by chemical toxins of the benzol type and, most impor 
tantly from the allergic standpoint, showed experimentally the reduction of p ate 
lets as a result of a hypersensitivity mechanism in rabbits sensitized to horse seniin 
Except for our present incomplete knowledge of deficiency of maturation factors 
and the role of the spleen, the etiologic background of thrombocytopenia 
complete in theory at that time as it is today Myelopathy, severe infection an 
toxemia, chemical intoxication, x-ray irradiation, and allergic reaction ha w 
established as important mechanisms capable of causing a reduction of plate cts 


the peripheral blood nlatclet 

It was at that point that the tremendously important role of the spleen in p ^ 

reduction was discovered more or less by chance Kaznelson®^ demonstrate , an 
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many others have amply confirmed, prompt and dramatic increase of the circulating 
platelets following splenectomy in certain cases of thrombocytopenia Interest- 
ingly, Elliott®^ has also demonstrated prompt reversal of the vascular changes fol- 
lowing splenectomy in cases of purpura with thrombocytopenia In the intervening 
thirty years splenectomy has been established as the standard therapeutic approach 
to cases of “primary” or “idiopathic” thrombocytopenic purpura, and has been 
shown to be particularly effective in those instances in which there is an ample 
number of megakaryocytes in the bone marrow In spite of that position in therapy, 
however, removal of the spleen still remains a somewhat empiric procedure, for 
the mechanism by which it influences the level of the platelets in the circulating 
blood has never been clarified There is still uncertainty and controversy as to 
whether the spleen destroys the platelets, inhibits their development in the bone 
marrow, or controls their release from the marrow, and what relation if any it 
bears to the allergic mechanism which seems to bear close resemblance to splenic 
action chmcally 

Unfortunately, methods for the clinical study of the allergic mechanism in the 
production of thrombocytopenia, which has been so convincingly demonstrated 
experimentally, have been relatively unsatisfactory However thrombocytopenia 
with purpura following ingestion of various drugs has been reported by Loewy,^® 
Peshkin and Miller®^ and others, and thrombocytopenia has been produced at will 
in some of those patients by readministration of the offending drug and by skin 
testing, thus establishing the reaction as of allergic type Further, demonstration 
of the allergic mechanism responsible for the granulopenia in agranulocytic an- 
gina,®® and of the fact that sensitivity could be detected in those instances by 
granulopemc response following ingestion of the offending allergens, has suggested 
that platelets might behave in a similar manner and has corroborated the soundness 
of the “ingestion” method of demonstrating thrombocytopenic response to aller- 
genic substances Utilizing that method of testing in addition to the usual allergic 
diagnostic methods, it has been increasingly possible in recent years to establish 
allergic reactions as one of the causes of clinical thrombocytopenia with or without 
purpura Sqmer and Madison®® and others have shown that allergenic foods are 
capable of producing thrombocytopenia by demonstrating platelet reduction fol- 
lowing ingestion of those foods, and have shown return of the platelet count to 
normal levels after the removal of the foods from the diet with clinical recovery 
inus It IS evident that in the evolution of knowledge of etiologic factors in 
thrombocytopenia and in purpura, allergy has been established as one of several 
factors capable of producing thrombocytopenia and likewise as one of several simi- 
lar factors that are capable of producing the vascular changes characteristic of 
purpura The curious similarity of these etiologic factors may well explain why 
purpura occurs so much more frequently in association with thrombocytopenia 
than with h}poprothrombinemia or thromboplastin deficiency In the case of the 
^ Icrgic factor it is readily conceivable that an allergic individual might have both 
em-uologic and vascular response simultaneously and to the same allergen, pro- 
ucing npical thrombocytopenic purpura’ Clinical evidence to support this 
ro^sibihtj IS accumulating slowl), and is derived principally from satisfactory 
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clinical response of both thrombocytopenia and purpura to allergic control withoui 
splenectomy With advances in the technic of allergic studies, and with wider use 
of the ingestion method of testing, it is likely that more cases will be found to fall 
into the allergic category and to respond favorably to that method of therapeutic 
approach 


Summary 

It has been suggested that, for purposes of etiologic investigation, thrombocyto- 
penic purpura be separated into its two component parts, thrombocytopenia and 
purpura, and that they be regarded as two coexisting abnormalities rather than 
as a single disease Historical review of the development of knowledge of the patho- 
genesis of purpura emphasizes the importance and soundness of this dual approach 
Both thrombocytopenia and purpura have been shown to have a complex etiologic 
pattern with multiple potential etiologic factors The curious similarity of these 
two groups of factors may at least partially explain the frequent coexistence of the 
two abnormalities in the clinical picture of thrombocytopenic purpura 

It has been shown that allergy has long been recognized as an etiologic factor 
of major importance in both purpura and thrombocytopenia It is logical, there- 
fore, that It should frequently be an important etiologic factor when the two con- 
ditions exist together, and it is suggested that when diagnostic methods arc more 
adequate a considerable number of cases of ‘ idiopathic” thrombocytopenic purpura 
will fall into that category and will yield therapeutically to a proper allergic ap- 
proach 
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A STUDY OF THE BONE MARROW FROM THIRTY-SIX PATIENTS WITH 
IDIOPATHIC HEMORRHAGIC (THROMBOPENIC) PURPURA 

By L W Diggs, M D , and J S Hewixtt, M.D. 

I N RECENT summary articles by Nickerson and Sunderland/ Rosenthal/ 
Tocantins/ Wiseman, Doan and Wilson,’’ Limarzi and Schleicher,® andDamc- 
shek and Miller,® the extensive literature dealing with idiopathic hemorrhagic 
purpura is reviewed, and the known facts relating to the megakaryocytes and to 
the bone marrow arc presented 

The majority of observations have been made on autopsy material, and there 
have been relatively few quantitative studies of material aspirated from the mar- 
row ® ® General statements are often made concerning the value of the bone mar- 
row examination in thrombopenic conditions, but specific facts arc few Because 
of the paucity of quantitative information, a lack of correlation of the marrow 
findings with prognosis, and differences of opinion concerning the number and 
morphology of megakaryocytes, a further study of the bone marrow seems justi- 
fied 

In this paper the observations made at the Cleveland Clinic on the bone marrow 
^ smears of 36 patients with idiopathic hemorrhagic purpura, and the correlation 
of the findings with the clinical picture, are presented 
All of the patients had in common purpura, spontaneous bleeding from raucous 
y' surfaces, platelet counts below 100,000 per cu mm , prolonged bleeding time, de- 
fective clot retraction, and normal or only slightly prolonged coagulation time 
Smears from patients with demonstrable primary disease, leukemia, aplastic ane- 
mia, malignancy, nephritis, cirrhosis, or infections, or who gave a history of 
allergy or of taking drugs previous to hemorrhagic episodes, were excluded Sple- 
nectomies, performed on rx of the 36 patients, revealed normal or only slightly 
enlarged spleens The tissue changes in the spleen were consistent with the diagn^ 
sis of essential thrombopenic purpura as defined by Nickerson and Sundcrlan 
Unless specifically stated, ail observations were made on marrow aspirated during 
the acute hemorrhagic phase of the disease * 

The marrow was obtained by needle puncture of the body of the sternum in t c 
midline at the level of the third rib A minimal amount of marrow was aspim^c , 
usually less than o x cc Smears were made directly from the point of the nee 
using the coverslip technic The smears were stained with Wright s stain 
which contained relatively few nucleated red cells or early myeloid cells, and w 
were obviously diluted with peripheral blood, were not included in this stu y 

The Bone Marrow — General 

The pnnapal value of the bone marrow examination in thrombopenic purpur 
IS to differentiate idiopathic hemorrhagic purpura from aplastic anemia, leu c > 

From the Department of Clinical Pathology, Cleveland Clinic Foundation, Cleveland, Ohio ^ 

* Appreciation is expressed to Dr Russell L Hadcn, who performed the majority ot s F 

uons, preserved the smears for study, and who has allowed us to use the marrow and c in 
for this presenrauon 
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and other condiaons In making this differentiation the megakaryocyte plays a 

part, but the other cells play a major role 
The bone marrow in idiopathic hemorrhagic purpura is cellular and there is httle 
fat The erythroid-myeloid ratio is normal in the majority of instances, but there 
IS a tendency toward a relative increase in the nucleated red cells which sometimes 
approaches a i i ratio The distribution of nucleated cells in the bone marrow 



< 

Ul 


Fig I Frequcncj distribution of nucleated cells m marrow smears of 10 patients with idiopathic 

bcmorrhagic purpura The range of cells in nonhcmorrhagic control cases is represented by the shaded 
areas 


smears of 10 of the patients of our senes which is representative of the group as a 
ivholc IS given in figure i 

There is a slight left shift in the maturity of the myeloid cells with the majority 
of cells at the metamyelocyte to filament stage The eosinophils and lymphocytes 
3 rc usually normal, but may be increased Each of the folloiving cell types, un- 
mercntiatcd primitive cells, histiocytes, mononuclears, plasma cells, and mega- 
ar\ oc) tes, constitute less than 1 per cent of the nucleated cells The nucleated 
red cells are mosth at the late et) throblast-normoblast level of maturation and 
appear normal m size, shape, and hemoglobin content In patients with chronic 
purpura \\ ho arc anemic as the result of blood loss, the nucleated er)Hhrocytes 
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may be smaller than normal, their cytoplasm more basophilic, and their shape 
irregular Platelets are difficult to find Cells with vacuoles, toxic granules, and 
pyknotic nuclei or other signs of degeneration, are infrequent 
In aplastic anemia the marrow is relatively acellular There is an absolute and 
relative decrease in myeloid and crythroid elements and a relative increase in 
lymphocytes, mononuclear cells, plasma cells and histiocytes The lymphocytes 
and mononuclears are of a mature variety There are few primitive cells Mega- 
karyocytes are difficult to find The red cells reveal abnormalities in size and shape, 
and there are often atypical and degenerated leukocytes 
In smears from patients with leukemia there are numerous cells, usually of one 
variety The normal marrow cells tend to be replaced As a rule there are numerous 
primitive cells or blasts ” The megakaryocytes in leukemias at a stage in which 
there is purpura and thrombopenia arc usually significantly decreased 
In our experience, the bone marrow examination has been of limited value in 
differentiating primary thrombopenic purpura from thrombopenia secondary to ne- 
phritis, Hodgkin’s disease, disseminated lupus or malignancy We have not had 
opportunity to observe a sufficient number of cases of purpura secondary to chemi- 
cal poisoning or infections to draw conclusions, but degenerative changes in mega- 
karyocytes and in other cells have been described in these conditions ’ 


Number of Megakaryocytes 

The number of megakaryocytes in relation to ocher nucleated cells m smears 
of the bone marrow from normal individuals and from patients with idiopathic 
thrombocytopenic purpura as reported in the literature are summarized in table i 
In our series, the megakaryocyte counts of bone marrow from 36 patients with 
idiopathic hemorrhagic purpura were made by noting the number encountered 
while counting 10,000 consecutive nucleated cells All of the counts were made 
under high dry magnification or oil immersion A tally counter was employed to 
facilitate counting The number of megakaryocytes ranged from 3 to 59 per 10,000 
nucleated cells, with an average of 17 (table i) 

Two sternal punctures performed on each of two patients within a period 0 
three weeks, during which time there were active hemorrhagic phenomena, re 
vcaled megakaryocyte counts of 4 and it in one case, and 8 and 4 in the other 
In 50 bone marrow smears from patients with miscellaneous nonhemorrhagic 
conditions who had no evidence of blood dyscrasias and who had essentially nor^ 
mal marrows, the megakaryocytes ranged from i to 54, with an average 
per 10,000 nucleated cells In this series the megakaryocytes were counted in con 
secutive fields, but the nucleated cells were counted in every tenth field unti 1000 
cells had been noted The frequency distribution of the megakaryocytes m J 
pathic hemorrhagic purpura and in nonhemorrhagic conditions is given in 
The number of megakaryocytes per low power field was estimated in 14 
marrow preparations from patients with idiopathic hemorrhagic purpura 
five consecutive low power fields were examined in each case It was foun ^ 
the number per low power field varies from o o to 8 x, with an average 0 i 
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Table i — Thi Range and Average Number of Megakaiyocytes per 10,000 Nucleated Marrow Cells 


Observer 

Method 

Megakaryocytes per 10,000 nucleated cells 

Control 

Idiopathic Thrombopenic Purpura 

Num 
her of 
cases 

Range 

Average 

Num- 
ber of 
cases 

Range 

Averagej 

Remarks 

Nickerson and 
Sunderland 

Marrow 

section 

3 nor- 
mals 

2.4-41. 

33 

4 

7-91 

38 

Postmortem 

Limarzi and 
Schleicher 

Indirect 

shde 

lo nor- 
mals 


0 

\£> 

5 

I 4-13 s' 

7 I 

Acute phase 

I 

14 9 


Chronic phase 

Dameshek and 
Miller 

Direct slide 

lo nor- 
mals 

0 99-2. 7 

I 82. 

5 

3 7-7 4 

5 ^ 

Acute phase 

6 

4 5-15 7 

8 4 

Chronic phase 

Diggs and Hew- 
lett 

Direct cov- 
erslip 

50 

misc 

condi- 

uons 

\r\ 

1 

H 

16 

36 

3-59 

17 

Acute phase 



5 10 15 20 25 30 35 40 4 5 50 56 60 

MEGAKARYOCYTES / 10,000 CELLS 

~ Frcquencv distribution of mcgakar) oc) tcs per lo.ooo nucleated cells in bone marrots smears 
om j6 patients w ith idiopathic hemorrhagic purpura and 50 pauents w ith miscellaneous nonhemorrha- 
PK conditions 

I^imcshek and Miller state that the average megakaryocyte count for miscellaneous 
conditions is )ust over i, with a range from o to 5 
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Our observations agree with those found by previous observers that the number 
of megakaryocytes in idiopathic thrombopemc purpura is within the normal range, 
and that in some cases it is increased beyond the normal average In several cases, 
not included in this series, in which the bone marrow smear was not considered 
satisfactory because of dilution with peripheral blood, the megakaryocytes were 
less than i per 10,000 nucleated cells, but in all preparations considered adequate 
for study megakaryocytes were readily demonstrable 


Table l. Mcgakar^oijte Count m Ktlatton to Postoftraftti Platelet Response and to Prognosis Idiopathic 

Hemorrhagic Purpura with Splenectomy 


Alcgakarjocj tes per 10,000 
nucleated cells 

Postopcrati\ c* platelet 
response (3 r\ceks) 

Death 

Recurrence 

Cu e 

3 


+ 



4 

+ + 



+ 

5 

+ 


+ 


6 

+ 



+ 

9 

+ + + + 


+ 


9 

+ + 



+ 


+ + + 



+ 


+ 4 - + + 


+ 



+ + + + 


+ 


i 6 

+ + 



+ 

I? 

+ 



! + 

19 

+ + + + 



+ 

IX 

+ + + + 



+ 

3-4 

+ + -f- + 



+ 

M 

+ + 

+ 




+ + + 


+ 


^9 

t 

+ 



41 

+ + + 

+ 



43 

+ + + 


+ 


47 

+ + + 

+ 



48 

+ + + 



+ 

59 

+ + + + 



+ 


* 500,000 or more platelets, + + + + , 100,000-300,000 platelets, 4 — 1 — h, 100,000-100,000 


platelets, -|- + , less than 100,000 platelets, + 

■f Operation performed elsewhere 

The Relation of the Megakaryocyte Count to Prognosis 

In order to test the truth of the common belief that patients with high meg* 
karyocyte counts have a good prognosis and will respond favorably to spicnee 
tomy, whereas those with low counts have a poor prognosis, we arrange ou^ 
patients according to the number of megakaryocytes per 10,000 nucleated cc s an^ 
tabulated deaths, recurrences, and cures (^tables x and 3) It is noted that there is ^ 
correlation between the number of megakaryocytes found in the marrow 
during the acute phase of the disease and the prognosis with or without sp c 

In-patients with idiopathic thrombopemc purpura whose spleens were rcmoic , 
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It was noted that there was a marked variation in the platelet response in different 
patients after operation (fig 3) 

Of 2x patients subjected to splenectomy, 3 failed to show a platelet rise above 
100,000, and 4 sustained a rise of from 100,000 to zoo, 000 platelets over a three- 

Table 3 —Me^akaryaote Count tn Relation to Prognosis Idiopathic Hemorrhagic Purpura without 


Sfhnectomy 



700,000 

« 

a 

u 

h- OOOOOO 
< 

J 

a. 400J&00 



l/M) <9 

3 Platcicc response foUo\Mng 5plcncccom\ in patients with idiopathic hemorrhagic purpura 

''cck postoperative period Six patients responded with a platelet rise of 100,000 
5cx),ooo, and 7 patients with a rise to 500,000 or more over the same postopera- 
tive period There was no apparent correlation between the number of megakarjm- 
c\ tes and the platelet count following operation One patient died soon after the 
sp ten was removed One patient was operated upon at another hospital 

The MoRPHOLOGT of MEGAKARIOCiTES 

The nicgikirv oc\ tes v\ ere classified as megakarv oblasts, immature, intermed late. 
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or mature megakaryocytes, or as naked nuclei The criteria used for the identifica- 
tion of each group are as follows 

I Megakaryoblast (fig 4 A, B) This cell has a diameter of 15 to 30 microns 





PO ' - ' 


tOQ' 

i 

ri-.O Q® 


D 




'o G 


tPO 




Fig 4 A Undifferentiated stem cell (?) MegaJcaryoblast B Mcgak.ar} oblast in mitosis 
cytoplasm Blunt cytoplasmic projections C Very immature megakaryocyte with nvo nuclei ^ 
amount of finely granular cytoplasm near the nucleus Blunt nongranular pseudopods D Immature 
karyocyte Finely granular cytoplasm Multiple nongranular cytoplasmic tags 


The shape is usually irregular and there are multiple blunt cytoplasmic 
The nucleus is single, relatively large, round or slightly indented, and has a 
lace-likc chromatin structure which takes a predominantly acidophilic stain ^ 
cleoli may or may not be present The cytoplasm is relatively small in amoun , 
nongranular, takes a basophilic stain and may have a spongy appearance 
X Immature megakaryocyte (synonym promegakaryocyte, early mega ary 


vtc 
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Fig 4 c, D, fig 5 E, E, G) This cell is larger than the megakaryoblast, being 
xo to 50 microns m diameter The shape is irregular, and there are varying numbers 
of cytoplasmic tags and rounded pseudopods The nucleus is indented or divided 



F'g 5 E Immature megakar) oc) tc t\ith perinuclear granular cttoplasm Spong), nongranular 
rcTipheral c\ toplasm and pseudopods F Immature megakarvoette tMih mulcilobulated nucleus Gran- 
uhr area nc\t to nucleus Peripheral spongioplasm G Immature megakar) oc\ tc u ith granules next to 
nucleus, surrounded b\ acoarscU \acuolated zone and peripheral fine, sponge c)toplasm H Intermediate 
tucgakareocete with ill-defined margins Mulnlobulatcd, p\ knotic nucleus Granular c) toplasm Ab- 
'^cc of sponge lae er at pcriphcre 


into two or more lobes and has a moderateh coarse chromatin structure without 
nuclcoh The c\ toplasm stains blue and is likeh to be darker near the nucleus than 
It the pcriphcre Hnc bluish granules arc demonstrable next to the nucleus, but 
granules ire absent in the peripheral portions and in the pseudopods The pseudo- 
PtiJs often contain multiple small \acuolcs 


^AGIC 

^ ceU IS margins 

,U,300,<’ CfiS 5 n- ^ l;}^, ,s uswtty to® lasmic tags 

.---::t..sot.oeage». \ 
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mediate cell in nuclear, cytoplasmic, and granular structures, but differs from it in 
that granular platelets arc demonstrable The platelets usually form small masses 
at the periphery, but the whole cytoplasm may be composed of granular platelet 
masses The size of the cell vanes widely from huge forms that practically fill the 
oil immersion field to fragments of nuclei with only a few platelets attached to 
them 

5 Nake^ nuchiis (Fig 6 L) In this form there is a pyknotic, lobulatcd nucleus 
and no cytoplasm 

There is often asynchronism in the maturation of nucleus and cytoplasm of mega- 
karyocytes Thus, one may have a multilobulated nucleus in a cell with basophilic 
nongranular cytoplasm or a single round immature nucleus in a relatively small 
cell which is actively producing granular platelets Any cell which is producing 
granular platelets is called mature The hyaline cytoplasmic projections and fila- 
ments and the spongy pseudopods are not considered as true platelets, but as arte- 
facts, due to the tearing of the cell away from its fixed tissue connections or as 
evidence of amoeboid activity Similar platelct-like structures arc found in reticu- 
lum cells, malignant cells, plasma cells and in the early myeloid, crythroid, and 
lymphocytic cells 

It IS to be noted that the principal criteria for the differentiation of megakaryo- 
cytes are the granules^ ® and the presence or absence of granular platelets The 
megakaryoblasts have no granules, the immature cells a few fine granules unevenly 
distributed, the intermediate cell has coarse granules fairly evenly distributed, but 
no well-defined platelets, and the mature cell has coarse granules and platelet for- 
mation 

One variant of the immature megakaryocyte (fig 5 G is a cell with a perinuclear 
granular cytoplasm, surrounded by a symmetrical ring of coarsely vacuolated cyto- 
plasm and at the extreme periphery cytoplasmic attachments that have a nongran- 
ular hyaline or finely spongy character This cell has been interpreted by others 
to be a degenerate form, but we consider it to be a form transitional between the 
immature and intermediate form The well-defined spongioplasm probably repre- 
sents an area of cytolysis which leads to a shedding of the peripheral cytoplasm 
and attachments to other cells, and to the production of a free granular cell which 
from that stage on produces true platelets 

The Differential Megakaryocyte Count 

The differential megakaryocyte counts in our series were made by examimng 
2-5 or more megakaryocytes For the control senes, 50 smears of bone marrow from 
patients with nonhemorrhagic conditions who had no evidence of blood dyscrasias 
were examined The distribution of the various stages of the megakaryocyte is 
given in figure 7 

In the control series the mature megakaryocytes which are actively producing 
P atelets are the predominant cells, whereas in idiopathic thrombopenic purpura 

e intermediate cell without platelet production is predominant In idiopathic 

^ tombopcnic purpura there is also a relative increase in immature forms and in 
naked nuclei 
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The finding of reduced plateJec formation and immaturity of cells is in agreement 
with the findings of numerous workers and confirms the original concept of Frank® 
and of h^not^o that there is dysfunction of the megakaryocytes which prevents 
normal platelet formation 




Fig 7 Frequency distribution of mcgakarvoblasts, immature intermediate and mature megalary 
ocytes, and naked nuclei in sternal bone marrow smears of la patients ivith idiopathic hemorrhagic 
purpura in the acute stage on whom splenectomy was performed The rate of variation in nonhemor- 
rhagic conditions is represented by the shaded area 


The Efrect of Speenectomy on the Megakaryocytes 

Sternal marrow aspirations were performed on two of our patients before and 
after splenectomy (table 4) In both instances there was a decrease in the relauvc 
number of megakaryocytes after splenectomy and an increase in the mature platele^ 
producing cells Similar decreases in the number of megakaryocytes have been note 
by Wiseman, Doan, and Wilson, and by Limarzi and Schleicher Limarzi an 
Schleicher, Dameshek and Miller, and others have also observed that following 
splenectomy there is a decrease in early forms and an increase in adult forms 
In one of our patients the marrow examination after splenectomy during a re 
currence of the purpura revealed a megakaryocyte number and differential w 
was essentially the same as before splenectomy 



Table 4 — The Number and Distribution of Megakarjoc^tes in Smears of the Marrow Before and After 

Spleiiectoinj 



Number 

per l'',oOO IMccabaiA^ 
nucleated 1 blasts 
cells 



MR 1 da\ s before 

6 dat s after 

K D L hours before 

43 da) s after 


Table 5 — Prognosis in Relation to the Number of Eosinophils in the Done Marrow (^Idiopathic Hemorrhagic 

Purpura') 


Inter | 
mediate 

Mature * 

1 

Naked 

Nuclei 

76 

6 

2. 

zo 

68 

J2. 

54 

i 0 

z6 

30 

15 

1 

1 35 

1 


Eosinophils per 
1 000 mature 
granulon tes 



Deaths during Improv ement 
recurrence with recurrences 


Period of 
observation 


With Splcnectom) 
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Prognosis Based Upon the Number of Eosinophils in the Marrow 

Schwartz” in 1945 reported that m thrombopenic purpura “increased numbers 
of eosinophils in the marrow signify a favorable response for spontaneous recovery, 
while scant numbers foretell a chronic course and necessity for splenectomy ’’ He 
made direct smears of material aspirated from the sternum The number of eosino- 
phils per 1000 granulocytes at the metamyelocyte stage or older were counted 

Schwartz interprets an increase in the eosinophils of the marrow as a manifesta- 
tion of an allergic state or evidence of sensitivity to infections, drugs, or allergenic 
foods He states that those with more than 50 eosinophils per 1000 granulocytes 
have an acute onset, a relatively benign course, and spontaneous and complete 
clinical and hematologic recovery and that removal of the spleen in such “allergic” 
thrombopenias is not necessary 

The relation of the eosinophils to prognosis was studied in our series, using the 
same method of counting eosinophils as recommended by Schwartz No correlation 
was found between the eosinophil counts and the deaths, recurrences, or cures with 
or without splenectomy (table 5) We do not accept the thesis that eosinophil 
increase in the bone marrow is always indicative of sensitivity to exogenous food, 
drug, or other factors There is evidence that the eosinophilia may be a reaction 
which IS secondary to the hemorrhage into the skin or other tissues ” 


Discussion 


The variation in the number of megakaryocytes in different individuals with 
idiopathic thrombopenic purpura is in part due to true differences in individuals 
and in the distribution of bone marrow giant cells as has been shown in biopsy 
material by Lawrence and Knutti” and in autopsy material by others, but much 
of the variation is due to dilution of the marrow cells with peripheral blood and 
other technical factors Megakaryocytes and particularly early forms are partially 
fixed cells which are not readily aspirated These cells are fragile and easily de- 
stroyed by any manipulative procedure They contain large amounts of thrombo- 
plastin and tend to get caught in fibrin webs which rapidly form around them 
They are large cells which are pushed toward the margins and ends of slide prepara- 
tions We have found that the megakaryocytes in the best of covcrslip preparations 
were unevenly distributed and that counts made on the same smears by the same 
or different individuals vanes as much as 100 per cent 
Since there arc unavoidable errors involved in megakaryocyte counting, a wi c 
range of variation in different individuals, and within the range of observed va ucs, 
no correlation between the megakaryocyte counts and prognosis, it is obvious t at 
there is little use in undertaking the laborious task of making actual counts 
Prognosis and indications for splenectomy are determined, not from the 
karyocyte study alone, but from the study of the entire patient If the 
aplastic anemia, leukemia or secondary thrombopenia, splenectomy is not ifl 


If, in X drops of material aspirated from the marrow (4 covcrslip 


preparations), there arc twenty or more megakaryocytes if the ° 

bone marrow giant cells are immature or intermediate and not actively p 
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platelets, and if the rest of the marrow, peripheral blood and clinical picture fits, 
the diagnosis of idiopathic thrombocytopenic purpura is made and splenectomy 
may be recommended 

The finding of numerous megakaryocytes which arc actively producing granular 
platelets is against the diagnosis of essential thrombopenic purpura or is indicative 
of a spontaneous remission in a known case Splenectomy in such cases is contra- 
indicated 

The peculiar distribution of megakaryocyte types in some patients with essential 
thrombopenic purpura Cfig 7) in which there arc few mature forms, yet an increased 
number of naked nuclei, suggests that the intermediate cells disintegrate without 
going through the platelet producing stage This is additional evidence that the 
low platelet count found in this disease is due to defective formation of platelets 
rather than to excessive destruction outside of the bone marrow 


Summary and Conclusions 

I Observations made on the bone marrow smears of 36 patients with idiopathic 
hemorrhagic purpura and the correlation of the findings with the clinical picture 
are presented The control series consisted of 50 patients with nonheraorrhagic 
conditions without blood dyscrasias 

2. The bone marrow in idiopathic hemorrhagic purpura is hyperplastic There 
IS a slight myeloid and erythroid immaturity and in some cases a slight eosinophilia 
and lymphocytosis 

3 The megakaryocyte counts ranged from 3 to 59 per 10,000 nucleated cells, 
with an average of 17 In the control series the megakaryocytes ranged from i to 54 
per 10,000 nucleated cells, with an average of 16 

4 There appears to be no correlation between the number of megakaryocytes 
found in the marrow smears during the acute phase of the disease and the prognosis 
With or without splenectomy There is also no apparent correlation between the 
number of megakaryocytes and the platelet response following splenectomy 

5 The megakaryocytes were classified as megakaryoblasts, immature, intermedi- 
ate, or mature megakaryocytes, or as naked nuclei The principal criteria for the 
differentiation of megakaryocytes are the granules and the presence or absence of 
granular platelets 

6 The differential megakaryocyte counts were made by cxamimng X5 or more 
tuegakaryocytes In the control series the mature megakaryocytes which are ac- 
tively producing platelets are the predominant cells, whereas in idiopathic hemor- 
rhagic purpura the intermediate cell without platelet production is predominant 

7 Marrow studies on l of our patients before and after splenectomy revealed 
a decrease in the relative number of megakaryocytes and an increase in the number 
0 platelet-producing cells following operation 

S No correlation was found between the eosinophil counts and the deaths, re- 
currences, or cures with or without splenectomy 

9 The principal value of the bone marrow examination in cases of suspected 

lopathic hemorrhagic purpura is to exclude leukemia and aplastic anemia 
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THROMBOCYTOPENIC PURPURA COMPLICATING GOLD THERAPY 
FOR RHEUMATOID ARTHRITIS 

Report of Three Cases with Spontaneous Recovery and One Case with 
Recovery Following Splenectomy 

Bji Stacy R Mettier, M D , Alice Me Bride, A B , and 

Jonah Li, M D 

I T IS A WELL established fact that certain drugs may cause thrombocytopenic 
purpura With the introduction of the cver-increasing number of new drugs in 
the treatment of disease, this untoward reaction becomes more and more a medical 
problem Mild to severe hemorrhagic tendency has been reported as occurring dur- 
ing the course of administration of sedormid, the sulfonamids, the arsphenamines, 
sodium salicylate, and other drugs Recently an increasing number of occurrences 
of thrombocytopenia have been reported as resulting from the injection of gold 
salts for rheumatoid arthritis 

Hartfall, Garland, and Goldie^ treated 900 patients with arthritis with injec- 
tions of gold salts, and among this group there were 1 1 cases of purpura hemorrha- 
gica Three of these progressed to a fatal termination There was no correlation 
between the severity of the platelet reduction and recovery or fatal termination 
Of the L45 patients treated with gold salts by Cecil, Kammerer, and De Drume,^ 
3 showed purpuric lesions in the skin The lesions subsided when the drug was dis- 
continued 

Price and LeichtenstritU reported a series of 100 patients who had received gold 
salts, and 3 developed thrombocytopenia Two of the patients recovered after 
Withdrawal of the drug but the third died 
Short, Beckman and Bauer** treated a group of 47 patients with rheumatoid arth- 
ritis with injections of myochrysine in doses of 100 milligrams of the drug One of 
their patients developed a severe hemorrhagic tendency with bleeding from the 
gums and nose Platelets were not found present in the blood smear In spite of 
repeated transfusions, the patient continued to show widespread bleeding, and 
death occurred five weeks after the onset of the purpura 
During the past seven years in the wards and out-patient department of the 
University of California Hospital, 160 patients, on whom a diagnosis of rheumatoid 
arthritis had been made, were given gold salt therapy During the course of treat- 
rttent 4 of the patients developed thrombocytopenia and purpuric manifestations 
The results of the observations made on these 4 patients are reported 

Case i 

A W A white American female, 44, was examined Mav i8, 1943 She stated that three years earlier 
^ r bad first noticed a painful sw elling of the middle )oint of the third finger of the right hand Since that 
utne swcilmg accompanied b\ pain had appeared m other joints of the fingers and spread to involve the 

From the Division of Medicine, University of California Medical School, San Francisco 
Supported by a grant from the Cecilia Bcnficld Fund and the James Foundation 
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wfists, shoulders, cibous and ankles In recent months she had lost considerable ^veight but was unable 
to estimate the amount 

Physical examwatwi The patient appeared of small stature and structure A survey of the skeletal 
^stem revealed a moderate degree of swelling of the interphalangeal joints of both hands There was 
a soft fluctuant swelling over the dorsum of the right wrist Both ankles were swollen and raarkedlr 
tender to the pressure of the fingers ^ 

Laboratory data Examination of the blood showed hemoglobin, 64 per cent (ii grams with standard 
at 17 X grams per 100 cc ), er) throc) tes, 3,780,000 per cubic millimeter, leukocytes, 8800 per cubic miUi 
meter, and platelets, 300,000 per cubic millimeter Sedimentation of the erythrocytes was 37 milhmeters 
m one hour The plasma content of ascorbic acid was 17 milligrams per 100 cc and the uric acid was 
3 3 milligrams per 100 cc 

Diagnosis Rheumatoid arthritis, hypochromic anemia 

Course of the tUness The patient was returned to her physician for treatment with the advice that she 
receive ififecciofts of rti} ochrj sine in doses of 50 mifligraras intramuscularly at intervals of one wecL 
She w as examined again December 15, i943> " hich time there had been a gain in weight of 6 pounds 

She considered herself to be in good health and there was no apparent swelling of the joints previously 
involved The hemoglobin was 116 per cent (Sahli)and the rate of sedimentation of theerj throcytesuas 
XX millimeters in one hour The gold therapy was discontinued 

Three months later, March 11, 1944. the patient w as admitted to the hospital because of recurrence of 
swelling of the joints and a moderate hy pochromic anemia Daily physical therapy consisting of radiant 
heat, massage, and passu e exercise to the inv oh cd joints was gu en the patient One month later, April 
17, the patient received an injection of myochry sine, xj milligrams in the buttocks The following day 
a fine purpuric rash appeared and was widely spread over the body Soon after there was moderate epi 
staxis on two occasions 

Examination of the blood showed erythrocytes, 3,050,000 per cubic millimeter, hemoglobin, 59 per 
ccnc(8 5grams)Sahli The white blood cells were 6650 per cubic millimeter It was of interest that 3 per 
cent of the total leukocyte count was of chceosinophile v'arietv The blood platelets were 90,000 per cubic 
millimeter and there was a markedly increased fragility of the blood capillaries 

The patient was given a whole blood transfusion of 500 cubic centimeters One week after its ap- 
pearance the purpura had completely disappeared and the platelets had returned to normal numbers 


Case z 

J W A white American man, 50, rcpiortcd to the outpatient department of the Umversity of Cah 
forma Hospital March 8, 1946, complaining of pain in the shoulders, elbows, wrists, hands, knees, and 
feet extending back over a pieriod of ten years Although he had earned on his usual occupation as a c er , 
he had found it more and more difficult to get about because of progressive disability of the 
treinities and limited motion of the elbows and shoulders Surgical removal of the thyroid gland ha 
accomplished at the age of r8 in an attempt to relieve hyperthyroidism complicated by exoph a “s 
Physical examination The arms were held rigidly to the pauent s sides With passive mooon, prac 
tically no abduction of the nght arm was possible, but elevation of the left arm to xo degrees was a ^ 
complished with difficulty There was mild, slightly painful swelling of the vanous interpha Mg« 
joints, and there was thickening of the tissues on the dorsum of the wrists and about the knees an an 
There was considerable atrophy of the muscles adjacent to the involved joints An exopht a mus 
sail present as a residuum of the previously overactive and enlarged thyroid gland 

Laboratoiy data The blood count showed hemoglobin, 100 per cent (14 5 grams) Sah 1, 

4,9^,000 per cubic milhmctcr, and leukocytes 9960 per cubic nulhmetcr The platelcK were 
appear in an abundance on the stained films of blood The blood uric acid was 3 5 ™ t, on of the 

Sedimentation of the erythrocytes occurred at the rate of 33 imlhmctcrs in one hour n esum 
rate of basal metabolism was recorded at 18 per cent above normal The plasma cholcstero j( 

grams per 100 cc , milligrams of 

Course of the illness On April i, 1946, the patient was given his first injection ° ^ ^p^med 
myochrysineCgold sodium thiomalate) The injections were repeated atintervals ot 0 = 
by considerable improvcmcat ta the patient s well 5 >eisg On December 17, P* 
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twenty fourth injection which on this date made a total of 1100 milligrams of the colloidal suspension 
(myochry sine) 

The pauent failed to report for further treatment until seten weeks later, February 4, 1947, when gold 
therapy was resumed He rccencd the usual injection of 50 milligrams of myochrysine The patient re- 
turned on February 10, stating that two days before minute areas of hemorrhage had suddenly appeared 
in the skin of the lower extremities and forearms followed some hours later by hemorrhagic blebs in the 
mucous membranes of the hps That etening he passed a very loose stool that contained a considerable 
amount of bright red blood The patient also observed oozing of blood from the gmgiv al border of the 
gums 

Laboratory data Examination of the blood on February 10 showed hemoglobin, 90 per cent, cry thro- 
cytes, 4,000,000 per cubic millimeter, and the leukocytes 7500 per cubic imllimctcr The blood platelets 
were esumated at 80,000 per cubic millimeter A specimen of blood clotted at the end of eight minutes 
but failed to show retraction after several bouts The prothrombin content of the blood was 90 per cent 
of normal Sternal puncture showed an essentially normal marrow picture with single cells and scattered 
islands of nucleated ted cells and granulocytes The megakaryocytes were increased in number but showed 
a greatly diminished platelet production 

Funher mjccuons of colloidal gold were discontinued and the patient was requested to report at fre- 
quent intervals for observation of the hemorrhagic tendency On examination February 13, the hemor- 
rhagic lesions had faded considerably The platelets were 143,000 per cubic millimeter The patient re- 
ported again February 17, when all evidence of hemorrhage had subsided and the platelets were 170,000 
per cubic millimeter 

Case 3 

S G A white American female, 33, was examined Nov 3, 1946 Her illness started six years prior to 
entry, when she noted pain low in the back and the midthoracic region Relief was obtained following the 
application of heat and the use of mild analgesics Since then, there had been a recurrence of symptoms at 
intervals of one to two years One year ago she became aware of pain m the cervical region and the 
gradual development of pain and swelling of the small joints of the hands These symptoms have per- 
sisted since 

Physical (xammatton The patient appeared slightly underweight and evidenced discomfort along the 
back There was slight swelling of the first, second, and third metacarpophalangeal joints of both hands 
and of the proximal phalangeal joints of the middle fingers Pain w as elicited in those jomts on pressure 
There was suffness of the cervical spine and forward flexion was limited to one-fourth the normal range 
There was spasm of the paravertebral muscles in the lumbar region Forward flexion of the lumbar spine 
S' as limited to three-fourths of the expected normal range Durmg this maneuver flattening of the spine 
became apparent in this region No abnormalities were found on examination of the heart and lungs 
Neither the spleen nor the liver could be felt 

Laboratory data The blood count showed hemoglobin, 69 per cent Cir 9 grams), erythrocytes, 3,8210,000 
per Cubic millimeter, and leukocytes, 6800 pet cu mm The platelets were 350,000 per cubic millimeter 
The plasma ascorbic acid was i 9 mg per 100 cc The rate of sedimentation of the erythrocytes was 2.6 
millimeters per hour On examination of the roentgen films, narrowing of the cervical-dorsal interspace 
''as apparent and the margms were scletouc The regional apophyseal joints, especially the eleventh 
dorsal, showed margmal sclerosis 

diagnosis Rheumatoid arthritis of the spine and of the metacarpophalangeal joints 
Course of she tlhiess Over a period of seven day's, the patient was given a course of roentgen irradiation 
to the spine consisting of a total of 675 R Four weeks later a similar course of treatment was pursued 
non after, this was followed by complete relief from the back pain 
On Not otjg ^^cck after the patient had been last exposed to the roentgen ravs, she was 

, an injection of myochrysine o 015 grams (gold sodium thiomalate) Three weeks 
nzc tthen the patient reported for the expected third injection she stated that for the past two days a 

Msiblc over the lower extremities There was no bleeding from the 

data The blood count on Not ay showed hemoglobin, 81 per cent (n 68 grams) Sahli, 
rocitcs, 3,930,000 per cu ,mm , and leukocytes, 3x50 per cu mm The blood platelets were greatly 
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reduced and showed 65 ooo per cu mm on actual count A specimen of Wood faded to shoiv clot rctrac 
non When the Dalldorf apparatus was reduced to a pressure of minus ao millimeters of mercury and an 
plied to the skin of the arm above the antecubital fossa, it induced the appearance of large numbers of 
petechial hemorrhages This indicated increased fragility of the capillaries A sternal puncture showed 
an essentia l) normal marross asith the exception of a slightly increased number of megakaryocytes 
These failed to show etidcncc of platelet production 

Further injections of gold compound were discouraged One week later on examination the petechial 
rash had almost entirely faded and there was no evidence of new lesions When the platelets were enumcr 
ated, there were 160, oco per cu mm and four weeks later, 100,000 per cu mm 

Comment 

The three case histones reported above are examples of thrombocytopeoia arising 
secondary to intramuscular injections of a colloidal suspension of gold (myochry- 
sinc) This was accompanied by mild purpuric manifestations in two of the patients 
and was limited to petechial hemorrhages in the skin In the third patient the 
hemorrhages were not only more extensively distributed over the body but were 
accompanied by bleeding from the nose and gastrointestinal tract After three or 
four days without specific therapy, the blood platelets appeared spontaneously 
in the circulating blood in all of the patients in increasing numbers, coincident 
with the disappearance of the hemorrhagic tendency At no time did the lives of 
the patients appear to be in jeopardy 


Case 4 

R B , a white Amcriem female, 44, VMS first examined Nov 15,1945 She stated that one year earlier 
she noted swelling of the small joints of both hands Soon after, swelling, accompanied by pain, ap- 
peared in the wrists, elbows, knees, ankles, and small joints of the feet During the past four months there 
had been a loss of 30 pounds in bod) weight 

Physical ceatnination On admission she appeared ill and underweight Locomotion was accomplished 
with considerable pain and difficulty There was marked pallor of the raucous membranes and of the 
palms of the hands There was swelling of the middle intcrphalangcal joints ot both bands, of the Beta 
carpophalangcal joints, and at the wrists There was slight ulnar deviation of the fingers Extension of 
the forearms on the elbows was limited to 165 degrees The shoulder joints were restricted to less than 
one half their normal range of motion There was slight degree of swelling of the left knee and both 
ankles A low pitched murmur was heard over the apex oE the heart during systole and was thought to 
of hemic origin The spleen and In cr could not be palpated 

Laboratory data The blood count showed erythrocytes, 3,060,000 per cubic millimeter, bemogo b, 
38 percent (6 5 grams) ccnco, Shcard-Sanford electric photometer calibrated to 17 i grams of hemog 0 
per 100 cc blood, and leukocytes 7100 per cubic millimeter The differential count was within non^ 
range The content of whole blood unc acid was 4 a. mg per 100 cc , and the plasma ascorbic aci 
o 45 mg per 100 cc The hematocrit was u. 5 per 100 cc of blood The sedimentation rate 
was 10 mm per hour The blood platelets were ixo.ooo per cu mm The mean corpuscu ar vo 
70 cubic microns, the mean corpuscular hemoglobin concentration was x8 percent, the mean torpu 
hemoglobin was 18 micrograms 

Clmtcal diagnosis Rheumatoid arthritis, hypochromic anemia f vholc blood 

Course of the illness On Nov ao and the patient received transfusions of 500 cc ° „11 

which were followed by an increase in the hemoglobin to 60 per cent (10 3 grams; an 1 
count to 3 74 M Medication consisted of the oral administrauon of ascorbic acid ^ 
sulphate I i grams in divided doses daily On Nov 19. the patient received her first injeaio^^ 
gold (myochrysinc, gold sodium thiomalatc) o 0x5 grams or o 01x5 grams actu ebaracKf 

fourth week the patient complained of a generalized itching rash whic w'as returned suti«5 

The injections of colloidal gold were discontinued Two weeks later, Dec 31, cp» 
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that the rash had disappeared She stated that she was having much less pain, was more active and her 
general feeling of \sell being had improtcd There was an increase in weight from 105 pounds at the 
onset of illness to in pounds on this date 

On Jan n, 1946, the date she should have received her ninth injection of colloidal gold, there sud- 
denl) appeared some oozing of blood about the lower right premolar and there were innumerable pet- 
echial hemorrhages on the lower e\trcmitics The blood count shove ed erythrocytes, 4,810,000 per 
cu mm , hemoglobm, 73 per cent (10 5 grams) Sahli, leukocytes, 11,100 cells per cubic millimeter, and 
platelets, 115,000 per cubic millimeter Following application of the sph) gmomanometcr cuff to the 
arm, and elevating the pressure to just abovm diastolic, there was the appearance of petechial hemorrhages 
m the antecubital fossa Chryso therapy was discontinued until on examination, March 18, 1946, the 
hemorrhagic tendency had complctcl) subsided On this date the hemoglobin had increased to 84 per 
cent but there were no significant changes in the erythroc) tes of platelets 

Injections of colloidal gold were started and repeated at intervals of one week until July 8, 1946, 
when petechial hemorrhages reappeared in the skin On this occasion the blood platelets were found re- 
duced to ioo,oc» per cubic mm The patient reported at intervals of one week until Sept 16, when she 
stated that she had had a severe cpistaxis and, for ten days, a constant menstrual flow Examination of 
the blood showed crj’throcytes, 3,670,000 per cu mm , hemoglobin, 55 per cent, platelets iio,ocx) per 
cu mm , and leukocytes 7450 per cu mm There were 5 per cent cosinophiles 

During the month of September the patient suffered frequent attacks of epistaxis, and on the occur- 
rence of the menstrual flow the period extended over fourteen days instead of the usual four days On two 
successive days she was given whole blood transfusions of 500 cc Roentgen irradiation of the ovaries was 
resorted to as an attempt to induce artificial menopause The menses failed to appear on the expected date, 
but bleeding elsewhere had become more profuse On Oct there was continuous oozing of blood from 
the nose and the gmgival margins Large ecchymoscs appeared in the skin and large numbers of red blood 
cells were observed in the urine An enumeration of the platelets revealed 10,000 per cu mm of blood 
The bleeding time was greatly prolonged A specimen of blood showed a tendency to coagulate after a 
lapse of ten imnutcs but the clot was soft, friable, and failed to retract A sternal puncture showed marked 
erythropoietic activity as evidenced by large islands of nucleated normoblasts and erythroblasts There 
was moderate myeloid hyperplasia There was a slight increase in the number of megakaryocytes These 
seemed rounded, somewhat opaque, and showed no evidence of platelet production For the past week the 
patient had been given four transfusions of whole blood without materially altering the bleedmg It was 
apparent that the patient s condition was becoming critical and was approaching the state of purpura 
tmnans On Oct 14, splenectomy was performed by Eh- Leon Goldman The spleen was found enlarged 
to about twice its normal size With the exception of a mild febrile reaction following a transfusion, 
the patient s postoperative course was without untoward event The abnormal bleeding stopped Four 
ours after the operation was terminated, the blood platelets were zio,ooo per cu mm , twenty-four hours 
3 er they were 315,000 per cu mm , and three months later were 550,000 per cu mm 

Comment 

The fourth case history reported here differed essentially from the preceding 
tee in the duration and seventy of the hemorrhagic tendency Two months after 
^ e first episode of thrombocytopema a second senes of injections of gold salt was 
started only to be interrupted at the end of four months because of a recurrence of 
ceding For the next three months the patient continued to exhibit spontaneous 
of varying degree Finally with the occurrence of frank hemorrhage from 
niucous membranes it was apparent that there was an acceleration in the bleed- 
*ng disturbance Splenectomy was performed following which there was a com- 
P etc disappearance of the abnormal tendency to bleed 

Discussion 

tk 

the ^ '^h’^omboc) topenia which may occur during the course of gold 

'■^P) IS not well understood It is possible that it may be an allergic phenomenon 
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wherein the megakaryocytes become so altered as to interfere with the production 
of platelets In the three patients on whom sternal puncture was performed, it was 
obscr\^ed that the megakaryocytes, although slightly increased in number, ap- 
peared to be deficient in platelet production This reaction, however, is not unique 
for the thromboc} topenia that occurs in gold therapy, since various investigators, 
including Frank\ Limarzi®, and Dameshek and Miller" have described the apparent 
inactivity of the megakaryocytes in cases of socalled idiopathic thromboqTopcma 

In recent times the term 'hypersplcnism” has appeared in the medical literature 
It IS presumed that an abnormal spleen acts upon the bone marrow, or more specifi- 
cally the megakart ocytes, to produce an inhibitory mechanism Emphasis for this 
postulation is found in the greatly increased production of platelets soon after 
splenectomy 

The management of a patient with thrombocytopenia induced by gold salt 
therap) offers a serious problem to the clinician In most instances the abnormal 
bleeding is of short duration On the other hand, the bleeding may become en- 
hanced and prolonged, ma} fail to respond to transfusions and ultimately lead to 
the patient’s death The question arises as to whether splenectomy should or should 
not be performed It has been the consensus of opinion among surgeons® that 
'"splenectomy is not indicated but rather contraindicated in sccondan^ thrombo- 
cytopenic purpura due to severe infections or intoxications ” In none of the other 
reported cases of thrombocytopenia secondarv' to gold had splenectomy been at- 
tempted In the present case the mild hemorrhagic disturbance of four months 
duration became suddenlj accelerated b) the appearance of marked bleeding from 
the mucous membranes It was felt that since the life of the patient was in danger, 
splenectomy was advisable Soon after the operation there was a dramatic response 
of the platelets which led to the recovery of the patient 

Of interest in connection wuth the case reported here is the one reported by 
Farfel,® wherein a patient with thrombocytopenia due to sulfathiozole therap) 
recovered following splenectomy 


Summary' 

Of i6o patients treated with gold salt therapy, four developed thrombocytopenia 
with mild purpuric manifestations In three patients there was a spontaneous re 
mission and the hemorrhagic tendency disappeared in about one week s time 
In the fourth patient there xvas a second occurrence of thrombocytopenia w c 
persisted over a period of four months, and finally failed to respond to trans 
Splenectomy was followed by a dramatic rise in the blood platelets and recove 

of the patient 
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INCONSTANCY AND VARIABILITY OF THE VASCULAR FRAGILITY 
TEST EVEN IN PURPURIC CONDITIONS 

By J Roskam, M D , Ch Renard, M D , and L Swalue, M D. 


T he PATHOGENESIS of purpura is mysterious and complex This is true for 
the origin of uncontrollable hemorrhages in Werlhof s disease and similar 
conditions Clinical and experimental observations have indeed proved that the 
very long bleeding times occurring in hcmogenic and hemophilo-heraogemc syn- 
dromes are due to the association of a hemic and a vascular factor (Roskam, 
Although the existence of the latter factor is established beyond doubt, its nature 
IS not yet completely elucidated 

The breaking out of intradcrmal purpura seems also to result frequently from 
multiple factors (Greneth Bedson*), seldom analyzed as yet 
Several authors have, however, emphasized the importance in the production of 
petechiae of the fragility of vessels o*^ purpuric patients, as namely evidenced by 
the ease with which venous stasis produced a petechial eruption m these patients 
This induced purpura was described in ijii by Frugoni and Gmgni,* later by 
Weill (of Lyon) and Chalier'® in certain hemorrhagiparous conditions The same 
year, Lccde^ erroneously considered it as pathognomonic of scarlet fever Later 
this phenomenon was systematically studied and was found by many authors in 
various conditions intoxications, avitaminoses, diseases of the endocrine organs, 
of the spleen, the reticulo-endothchal system, of the sympathetic nervous system 
(Stephan'Oj hypertension, solitary or combined with arteriosclerosis, in neph- 


ritis, in endocarditis lenta (Weissman'O. iQ diabetes, in rheumatic patients given 
large amounts of sodium salicylate, in patients with gastro-duodcnal ulcers treated 
with a milk diet and alkaline powders, in patients with chronic glaucoma 
(Roskam®). Jn erythremia, icterus, certain forms of tuberculosis (Schour'O. 

The intensity of the purpura induced by venous stasis, ‘signe du lacct, capillary 
fragility test, capillary resistance test, or tourniquet test, etc , is approximated by 


the number of petechiae which appear during the test 
One of us has, however, repeatedly pointed out the “qualitative and not 
“quantitative” aspect of the eruption, i e , the importance of the size of the di cr 
ent purpuric elements Petechiae with a diameter above one millimeter possess a 
significance similar to that of increased bleeding time (Roskam^®) 

These proportionally large petechiae arc observed in subjects with a hemorr ag^^ 
condition The more severe the condition, the larger is generally the diameter no 


of all petechiae, but of a certain number of them 

After this brief review, we will take the opportunity of describing two 
clinical observations to underline the diverse results in different 
the “vascular” fragility test, as we prefer to call the capillary tr g y 
for no one has proved that only capillaries are involved in that test 


From the Institute of Medical Climc and Pathology, University of Licgc. Belgium 
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Case Histories 

Cast I V Michcl, male, 16, high school student 

Family history irrelevant 

Ftrsonal history measles, scarlet fever, diphtheria, appendectomy in childhood 

Present disease At the beginning of December 1946, appearance of an eruption not disappearing by 
vitroprcssion, made up of small elements grouped in clusters on the antero-medial aspect of the fore- 
arms and thighs Later extension of this eruption mainly to the shoulders, to the anterior side of the legs, 
and to the ankles Purple at their appearance, the small eruptive elements turn later brown-pink and 
yellow before disappearing Several eruptive waves follow, always occurring in the skin areas involved 
in the first attack 

Physical examination On Jan 10, 1947, nothing unusual, except for pigmented sequelae of previous 
eruptions and for a few small submaxillary and axillary nodes 



Fig I 


Sedimentation rate 3 mm in the first hour (Westergren) 

Plemoilobin 35 per cent 

C 4,ioo,ooo tAorpholo!^ normal 

hlijferenttal Neutrophilic poly morphonuclears, 48 per cent, eosinophilic polymorphonuclears, 3 per 
imphocytes, 43 5 per cent, monocytes, 5 5 per cent 
atelets 3.10,000 Morphology normal 

Bleed, ngtiwt Right ear, I'yo", i', i', 3'3o*, 1' Left ear, I'yo", i', I'yo*, i'3o', i'3o'' 

Uottmgtime li', n', ii', n' (normal 16' to 14O 
^thomhm time (Quick) 100 per cent 

rdct-Wasscrnian, Meinickc, Paul and Bunnel reactions negatne 
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Vascul,rjrai,l,ty test* quantitative, ++++ qualitative, +++ onJv in the mt n 

responding to ptcv.ous eruptions, as the pctechiac mduced bj ^nous’stas.s ateto H i 

form mp.™ blotch,, „p„.„d b, ,r,„ ofoottnal or ,lm„„ „„r„a| .1,0 (S„ f S”, 

One week later, despite the daily intake of qo mg of citrin similar vascular 1 ^ 

tivc, ++++, qualitative, +++ m the cutaneous areas «ith sequelae of previol m 
negative benseen these areas ^ F^vious eruptions, alinost 


Case i Jacques, male, 17, high school student 
Family history irrelevant 

Fersonal history measles, chicken pox, mumps, w hooping cough in childhood 
frequent bronchitis, gastro-intcstinal upset with fe\cr in October 1546 


, appendectomy 


101941, 
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Present disease On Saturday, January zj, 1947, the patient ate lobster wuth cocktail sauce, duck, and 
pite de foie gras Normal activity from January z6 to z8, but exposure to very cold weather dunng 
three days On Tuesday z8, purpuric stripes (length ij-y cm, width ^-zj cm) suddenly appeared 00 1 c 
face and neck On the zjth, fever (about 38 C) which lasted for nvo days, headache and nausea, whereas 
the eruption faded out progressively and disappeared on Feb 10 

On Feb z, at 8 P M , intake of two boiled eggs and again exposure to severe cold At 9 P N , as 

* The vascular fragility test which we used is the test described by one of us in 1919 under the 
“signe due brassard” application above the elbow of the cuff (brassard) of Boulitte s 
flated half-way between the maximal and minimal arterial pressure of the patient The pressure 
for 15 minutes After decompression, there is examination of the induced purpura on the w 0 e 
of the forearm and hand, and not, as later proposed by Wright and Lilienfcld,^® m a sma are 
supcro-mcdial aspect of the forearm 
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father was weighing and measuring the patient, he saw the appearance of a new eruption which reached 
Its maximum in a quarter of an hour More numerous, the purpuric spots were localized on the face, necL, 
upper part of the chest, forearms, and wrists Soon afterwards, fever (38 ^ C), headache and nausea 
Physical examination On Feb 3, 1947, in addition to the cutaneous eruption (figs 4 and 5), thae were 
slight fe\ er (37 5-38 5 C) w hich disappeared progressively in ten daj s, a few petechiac on the soft palate, 
a few small nodes in the neck, groins and axillae, and a palpable spleen reaching the costal margin 00 
percussion 

Sedimentation rate 4 mm in the first hour (Westergren) 

Hemoilahin 100 per cent 

KDC 4,750,000 Morfholou normal 

IV B C 6,000 


r 








<4 


K 

I 






r 

4 
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Dijferential Neutrophilic polymorphonuclear, 60, eosinophilic polymorphonuclear, a, 7 P 
31, monocytes, 7 

Platelets za5,ioo Morphology normal , , , , 

Bleeding time Right ear i', i', i 30", a', 3' Left car 3', a , i , i 1 
Clotting tme 2.1' s.i' , (normal 16' to a 40 
Prothrombin time (Quick) 100 per cent 

Bordet-Wasserman. Mcinickc, Widal, Wright’s reaaions negative 
Paul and Bunncl s test 4 - at 1/8 

TZlL-'Dahmoto s flocculation figure 59 (low, but still normal ) 

Wcltman s coagulation band o 4 (normal) ...-tjcallv nceativc on this day, as well as at . 

Vascular fragility test quantitative and qualitative pracucally negat 

when the eruption was fading or had disappeared 
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As the histor)' and tests suggested an anaphylactic purpura, preparations of egg white, mayonnaise, 
foie gras, and lobster were scratched into the skin no reaction Similarly, lotradcrmal reactions with 
milk, tuberculin, Dmclcos, antistaphylococcic vaccine remained negative, as well as attempts to find a 
possible focal infection The intake of foie gras on Feb xo did not bring any of the reactions characteristic 
of Widal s digestive hcmoclasia, nor any rash 

Howes cr the patient — who had been kept at normal temperature — ate on Feb 6, at noon, lobster 
cocktail sauce and, in the evening, some foie gras On the next morning, the purpuric stripes appeared 
at the base of the neck and on the anterior aspect of the forearms, the latter spots were surrounded by an 
area of congestion without pruritus The eruption induced on February 6 and 7 was much milder than the 
previous ones This was the last of the purpura of this patient 

On Ftb 14, Paul and Bunncl s reaction if 16 +++, i/3x ++, 1/64 + 

Comments 

Both cases reported had a purpuric eruption 

In the first one, the eruption was symmetrical and made up of innumerable 
pctechiae grouped in cluster, in maplike areas o 5 to i cm in diameter, separated 
by areas of almost normal skin This relapsing purpura simplex had a protracted 
course or at least a subacute one The etiology remained mysterious, as well as the 
cause of the different attacks However, outside any purpuric attack, the vascular 
fragility test was twice strongly positive, quantitatively and qualitatively, hut 
only in those cutaneous areas where the previous eruptions had spontaneously 
occurred 

In the second patient, the eruption, also symmetrical, was formed by rather 
homogenous hemorrhagic streaks not resulting from the coalescence of smaller 
petechial elements The only real petechiac were observed on the soft palate The 
etiology of the syndrome probably was alimentary However, it is noteworthy 
that the cuti-reactions with the suspicious foods remained negative, as well as 
Widal s tests of digestive hemoclasia, and that the purpura simplex of this patient 
occurred at the same time as an attack of infectious mononucleosis The vascular 
fragility test was completely negative at the place of the purpuric spots and out- 
side them 

Thus, in one of the two reported cases of purpura simplex, a strongly positive 
quantitative and qualitative vascular fragility test was present 
In the other, the vascular fragility test was completely negative 
In order to explain the different behavior of the vessels of the two patients during 
'enous stasis, one might consider the different nature of the two cases of purpura, 
as also evidenced by differences in the clinical course and in the purpuric eruption 
This simple interpretation is probably accurate 

Nevertheless a case of constitutional athrombopenic hemorrhagic purpura pub- 
is led by one of us in 1919 (Roskam®) might be taken as an argument against it 

For this patient we noted on April 5, 19x7, at the time of his admission to the 
fiospital 

Tourniquet test after 1 5 minutes of compression at 70 mms of mercur)^ with the 
ood pressure machine there appeared below the right elbow several large petcch- 
inc mcisunng 1-3 mms About 50 were seen on the anterior aspect, 40 on the pos- 
ffnor aspect of the forearm Under the same conditions, the test being repeated 
''ict, no purpuric elcmenrs were seen over the left forearm On April X9 we noted 
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“Tourniquet test after 15 minutes of compression of the arm at 8omms of mercury, 
identical numbers of petechiae appeared over the right forearm as had been noted 
on April 5 The left forearm at this time showed a very marked purpuric eruption 
with enumerable punctate petechiae 195 petechiae were present on the anterior 
aspect of the left forearm together with 6 ecchymoses of about 5 mms in diameter 
Posteriorly 175 petechiae of about i mm in diameter were seen Tourniquet test 
after 15 minutes of compression at a pressure of 100 cu mms of mercury, an intense 
purpuric eruption about the same both in the right and left arms occurred Numer- 
ous petechiae were seen These extended over the dorsum of the hands and over 
the fingers ’’ 

Wc have thus observed a case of constitutional athrombopenic hemorrhagic 
purpura with, during an acute period, a vascular fragility test quantitative -f, 
qualitative +4- on the right side, completely negative on the left side, a few days 
later, quantitative qualitative on the right side, quantitative andqualita 
tive -fd — 1 -+ on the left Two years later, without hemorrhagic episode, the vas 
cular fragility test was strongly and equally positive on both sides 

This observation indicates the great variability of the vascular fragility test at 
different times, and also at different sites, in symmetrical areas of the skin in a 
case of chronic hemorrhagic purpura 

Together with the two new cases reported in this paper, it shows the complexity 
of the factors producing the purpuric eruption The appearance of cutaneous hemor- 
rhages is in no way a simple phenomenon and its mechanism is still unknown The 
observations of Bedson has shown that the experimental induction of petechiae 
and hemorrhages sometimes requires the cooperation of a hemic and a vascular 
factor Reilly, Rivallier, Compagnon Laplane, and Du Buit,® later confirmed by 
Frumusan,^ have demonstrated the role of the autonomous nervous system m 
animals in the production of some hemorrhagic lesions of the gastrointcstm 
tract These very interesting experiments do not, however, afford a satisfactory 
explanation of the clinical observations concerning the apparition of purpura 

We hope that this paper will draw attention to this important problem, an 
that It will make experimenters and clinicians conscious of the inconstancy an 
variability of the vascular fragility test 

Summary 

Two unusual cases of purpura simplex raise the problem, as yet unsolved, of th^ 
pathogenesis of the purpuric eruption Together with a previous 
hemorrhagic purpura made by Roskam, they show the inconstancy and varia 

of the vascular fragility test 
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THE VALUE AND THE LIMITATIONS OF THE COAGULATION TIME 
IN THE STUDY OF THE HEMORRHAGIC DISEASES 

By Armand J Quick, Ph D , M D , Rene Honorato C , M D , and 

Mario Stefanini, M D 


T he DETERMINATION of the coagulation time of the blood is among the 
most empirical procedures routinely employed in the clinical laboratory, and 
is one most prone to be misinterpreted In a critical evaluation of this test, one 
must consider Erst the mechanics of the procedure and second the physiological 
aspects, which require a translation of an /// vitro observation into a probable m 
vtvo behavior that is coordinated with other factors bringing about hemostasis 
For this task a short historical survey is helpful since one can thereby acquire a 
knowledge of the evolution and development of the tests of coagulation time that 
are now in common use 

Although delayed coagulation of shed blood in various conditions was observed 
even in antiquity, there appears to have been no formal clinical test until 1878 
when Vicrordt* devised a procedure consisting of drawing a horse hair through 
blood in a capillary tube and observing first the point when fibrin threads adhered 
and again when the hair was free In 1893 Wright- determined the coagulation tunc 
by filling capillary tubes with blood and noting the time when the contents could 
no longer be discharged by blowing This investigator appears to have been the 
first to state specifically that the coagulation time of hemophilic blood was de- 
layed Brodie and RusselP three years later described a special instrument called 
a coagulometer in which a hanging drop of blood observed under a microscope is 
played upon by a current of air and the time determined for arresting the movement 
of erythrocytes In 1 898, Haycra'* introduced the simple procedure of putting venous 
blood in a test tube and noting how much time was required before a sufficient clot 
was formed to permit tilting without a flow of blood Fifteen years later Lee and 
Whitc^ employing the same principle devised a test which with minor modification 
has become the most widely used and most acceptable method for estimating the 
coagulation time It is this test which is critically studied in this paper 
Several other tests should, however, be mentioned because they have in t c 
past been employed extensively Two of these methods were described in 1904 
The first was Burker’s® in which a fine glass rod is passed repeatedly through a top 
of blood thereby catching the first strands of fibrin formed The other was evi^^ 
by Sabraz^s'^ who filled capillary tubes with blood and at regular intervals 0 tiffl 
broke off a short piece until a fibrin thread appeared between the severed 
Fuld and Schlesinger,® in i 9IE, introduced another approach, blood was p acc^^^^ 
a U-tube and the movement of a metal bead observed as the ^'^"dificacioo 

and the moment timed when the density of the clot fixed the bead ^ 
of this method by Hedenius® is still widely used especially in the ca 
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countries For a detailed and complete review of this subject, Nygaard’s mono- 
graph^® should be consulted 

Interpretation of the coagulation time All the common procedures for determining 
the coagulation time are based on timing the interval between the removal of the 
blood from the vessel and the formation of su£ 5 cient fibrin to meet an arbitrarily 
designed end point The objective of every test is to measure the intrinsic coagula- 
tive power of the blood Obviously therefore, trustworthy results can be obtained 
only by performing the test under constant and rigidly controlled conditions and 
by excluding all outside agents that influence the coagulation reaction Of the 
latter, tissue juice is by far the most important since it contains thromboplastin 
It IS therefore of utmost importance to exclude all traces from the specimen of blood 
used for determining the clotting time Obviously, blood obtained by skin puncture 
(capillary blood) is utterly unsuitable since not only does it contain an appreciable 
amount of tissue fluid, but even more serious, the amount cannot be controlled 
Thus Chnstie’^^ demonstrated that there were variations in the clotting time of the 
different drops of blood collected from the same puncture, and Lee and White® cite 
the example of a hemophilic blood which had a coagulation time of 50 minutes for 
venous blood and only 5 minutes for capillary blood It must be emphasized that the 
coagulation time of capillary blood, irrespective of the method used, is worthless 
and unreliable for clinical purposes Even in taking blood by veni-puncture enough 
tissue thromboplastin may occasionally gam entrance to reduce significantly the 
coagulation time as Jaques and his co-workers^* have recently demonstrated It 
is not unusual to obtain a coagulation time of 8 to 10 minutes in a hemophilic sub- 
ject, whose true coagulation time is i hour, merely by causing slight trauma in 
drawing the blood 


Standardi^atinfj of the coagulanon tme There is a distinct need for a simple and uniform procedure In 
the United States the Lce-Whitc test is gradually replacing the other methods This procedure is simple 
md ) lelds as much and as accurate information as any test of coagulation so far devised, but unfortunately 
the test has not been rigidly standardized and at present there is no strict uniformity in the details of the 
procedure 

In order to devise a standard procedure, it is necessary to consider the more important factors that 
•nllucnce the coagulation of blood in a test tube They arc fi) temperature, (z) size of tube and C3) the 
nature of the surface of the tube 

Tonptrjture Since the coagulation of blood involves chemical and enzymatic reactions, it is obvious 
that the temperature must significantly influence the speed of the process This is clearly demonstrated 
' results in tabic i in t\ hich the clotting times obtained at zz® C and 37° C arc recorded The 
parked effect on hemophilic blood is particularly notciiorthy Similar observations have been recorded 
' ^*tck and Stetson^* The need for adopting a constant temperature at which the determination is 
raiTicd out is c\ idcnt Body temperature (37° C ) seems most desirable since it is at that temperature that 
Coagulation takes place phvsiologically An ordinat} \acuum bottle filled with water at 37° C serves as 
and! w atcr bath for cam mg out the coagulation time test The practice of performing the test at room 
temp^ature should be abandoned since the temperature range in manj laboratories maj be from zo° C 
u 30 C and this causes considerable difficulrv and confusion in interpreting the clotting time and in 
cciding whether it is within normal limits 

^ T/r t,- of original Lcc-White procedure specified the use of a Widal tube S mm in dia- 

tim”' of clotting 

bloods m test tubes with internal diameters of 8 and 11 mm were compared Curiousli , normal 


more rapidh in the smaller tube while hemophilic blood clotted considcrabU faster in the 
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larger test tube (table i) A possible explanation is that the dotting nnic is loflacnced bp both thcirci 
of the surface in contact ith the blood and the surface of the blood exposed to air In nonnal blood the 
disintegration of platelets is probibh roughtlj proportional to the amount of foreign surface, and there 
fore the smaller the tube the greater the surface and the faster the disintegration of platelets In hemo- 
philic blood the platelets in contact with a foreign surface do not readih undergo Ijsis and therefore the 
contact of the blood with air has a more predominating effect The influence of exposure to air is par 
ticularlj well demonstrated b\ normal plasma dcplatclctizcd bj high centrifugation Coagulation begun 
at or near the air-plasma interface and teasels downward 

Since the size of tube dcfinitcl) influences the speed of coagulation, it becomes neccssat) to standardize 
b) selecting a fixed size of tube Since ncarh c\cr) laboratorj is well supplied with serological test tubes 
(13 X 100 mm ) and since this is a conacnicnt size both for handling and cleaning, it seems logical to 
select this tube for the test 


Tadle I T/jf EJJtct of Temp(ra//frt, S/Zf of Tttt Tube anti Surface of Test Tube on the Coapulaticn Tm 


Coagulation time in minutes 


Tjpe of lest tube 

GlasO 

Gla's* 

1 Glass* 

( 

Lustcroid 

Collodion 

coated 

Silicont 

coaltd 

Subject , , , 

Internal diameter 

It mm 

1 

11 mm 

1 ' 

1 S mm 

1 13 mm 

11 ram 

11 mm 

Temperature 

22 C 

37°C 

37”C 

! 37'C 

37*C 

37"C 

Normal I 



1 

1 10} 

z6 

47 

II 



1 3 

J 4 

^3 

41 

III , 

1 

! s 

4 

11 

19 

5 ^ 

IV 

loi ' 


4 

lol 

17 

43 

V 1 

16 

5i 

4 

i6i 


36 

VI ' 


7 

5 

10 

xS} 

41 

Hemophilic I 

ixi ; 

65 

90 

360 

140 

450 

II 1 

1 

76 

1-3 

31 

190 

X40 

340 


* Pyrci 


Tlature of the surface of the tube Blood clots fastest in glass as can be seen from the results m u i 
In a lustcroid (a S) nthetic plastic) tube, coagulation is dcfinitcl} dclajed, and in collodion coate m 

the retardation IS csen more marked Siliconc(Dr} Film)coating, however, is the most cffccnvc ti 

surface known for preserving the fluiditv of blood 

A glass test tube is best suited for determining the coagulation time, since as much m 
obtained as would be bj employing an) other c)'pc of tube, and it obv latcs the long waiting peri w 
is alwajs undesirable in 1 clinical laboratorj 

Recommended procedure for determtnmi the coagulation time Blood is drawn b) vcm ptmeture 
with a No IX needle, into a drx syringe If the determination cannot be made imine arc y, * 
coated with silicone (Dry Film)* should be used, and the blood kept in the syringe nn 
IS ready for the test In drawing the blood the tourniquet should be applied )ust prior to t c ^ ^ 

If blood IS not obtained immediately and without trauma, another vein should be se eerc “ 

puncture made One cubic centimeter of blood is transferred into each of x ^ uiceroii 

(Pyrex ICO x 13 mm ) Since the test tubes arc apt to vary slightly in size, on y tu ^ 

diameter of ii mm should be selected The tubes arc immediately placed m a vvatcr ^ ^ ^ j, judy 

A vacuum bottle fitted with a cork having a hole in vv hich the test tuirc can 

portable water bath The tube is gently tilted every 30 seconds and the cn p 

when on tilting no flow of blood is any longer observed The normal range 1 5 

majority of bloods clotting between 6 and 8 minutes ^ 

* Manufactured by the General Electric Company and marketed as Dry Film No 9$^7 
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It should be emphasized that the end point selected is arbitrary and docs not mark the time of com- 
plete coagulation Unconverted fibrinogen may still be demonstrated A convenient vyay to measure in- 
cipient coagulation is to insert a glass rod coated with collodion into i cc of blood and then -withdraw 
It gently every 30 seconds A fine thread of fibrm marks the beginning of coagulauon In normal blood, 
coagulation usually begins in 3^ to 4 minutes and is complete in 10 minutes, whereas in hemophilic blood 
coagulation may begm (to ate a specific obsctv'ation) in 10 minutes but rcqmre x hours more before 
enough fibrm is formed for a solid clot The tube with the glass rod should not be used for dctcrminmg the 
final coagulation time 

A New Theory of Blood Coagulation and its Bearing on the 

Coagulation Time 

As the result of recent studies,'^ evidence has been obtained to show that platelets 
do not furnish thromboplastin, but in their disintegration liberate an agent, prob- 
ably an enzyme, that activates thromboplastin which occurs in the plasma as a 
precursor and for which the term, thromboflasttnogen, has been proposed It is prob- 
ably identical with the antihemophilic globulin of Minot and Taylor and the pro- 
thrombokinin of Lenggenhager 

According to this new concept, the first step in coagulation can be expressed as 
follows 

(1) Thromboplastmogen — enzyme thromboplastin 
The activated thromboplastm reacts immediately 
(i) Thromboplastm -p prothrombin -f calcium = thrombin 

(,)F.br.nog.„ 

The first and third equations are enzymatic, whereas the second is stoichiometric 
Thus, even a small number of platelets are sufficient to activate enough thrombo- 
plastin to furnish a quantity of thrombin that will coagulate blood within the 
normal period of time Such a quantity of thrombin may, however, be entirely 
inadequate, as will be discussed later, to meet the hemostatic requirements To 
understand the significance of the coagulation time, it should be remembered that 
normal human blood could clot in il seconds if it had an optimum amount of 
thromboplastin and that furthermore, the curve correlating the coagulation time 
^nd the concentration of thromboplastin is a hyperbola with both asymptotes 
Zero This explains why the shortening of a coagulation time from i hour to 5 
ntinutes can be brought about by an extremely small quantity of thromboplastin 
1C amount of thrombin formed depends not on the coagulation time but on the 
Suantit) of prothrombin, thromboplastin, and calcium in the plasma and this can 
t looked upon as the key to a better understanding of several important hemor- 
’’ igic diseases which will be considered in this presentation 
The coagulation time ma} be prolonged in four well known diseases or condi- 
fions hemophilia, h) poprothrombinemia, afibrinogenemia and heparinemia It 
's possible that a dclaj ed coagulation mat occur in other conditions, but these have 
"ot been studied sufficienth to permit critical anal) sis Hypercoagulability rc- 
^ains a \ague and as tet meaningless term 
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The Coagulation Time in Hemorrhagic Diseases 


Hemophilta With the exception of compJete incoaguiability of the blood as 
encountered in afibrinogenemia, the most prolonged coagulation times are ob- 
served in hemophilia A coagulation time of one hour is not unusual, but a tunc 
of two hours or more is rather infrequent, provided the test is done carefully and 
at 37° C It has been found in recent studies that the coagulation time of a hemo- 
philic may be surprisingly constant for a relatively long period of time Thus, the 
coagulation time of one sub/cct has remained about 55 minutes with few excep- 
tions during the past iS months Although it has been brought to normal several 
times with plasma transfusion it has always promptly returned to this rather 
fixed value The same constancy has also been found in other hemophilics, but in 
no instance has the period been long enough to be significant 

To understand the coagulation time in hemophilia, it is necessary to understand 
the basic defect in this disease In a recent study*'* it has been found that hemophilic 
blood IS almost completely devoid of thromboplastinogen, and even after all the 
fibrinogen has coagulated, no demonstrable consumption of prothrombin has 
occurred * AH the coagulation is due therefore to a minute quantity of thrombin 
which IS formed and which, because it is an enzyme, can convert all of the fibrino- 
gen to fibrin m a relatively short time The minuteness of the quantity of thrombo- 
plastin which can bring about a normal coagulation time is clearly demonstrated 
by the following experiment 

A stock extract of thromboplastin prepared by mixing o z gm of dehydrated 
rabbit brain in 5 cc saline, was diluted i to 1000 On adding o i cc of this diluted 
thromboplastin to i cc of a hemophilic blood which had a coagulation time of 
7. hours and 15 minutes, the time was reduced to 5 minutes Thiso i cc of thrombo- 
plastin contained only x 5 gammas of solid material, of which a large fraction was 
inert Obviously, the amount of thrombin formed must have been extremely small, 
yet It coagulated the blood in 5 minutes The conversion of prothrombin, however, 
was so small that it could not be demonstrated 


From the results observed in hemophilia and in hypoprothrombincmia it seems 
definite that hemostasis is not dependent on the clotting time but on the quantity 
of thrombin supplied during the clotting process In hemophilia little thrombin is 
formed since the plasma lacks the thromboplastin precursor Even if the plasma 
contains enough thromboplastinogen to cause a normal coagulation time, it may 
not be sufficient to supply enough thrombin for the hemostatic needs This ex 
plains why a normal coagulation time may be found in known hemophilia s cr^ 
mg from repeated hemorrhages In a limited number of such patients, t c 
author could demonstrate no consumption of prothrombin after coagulation 
been completed Such patients are a problem to the surgeons since the 
agulation may create a false sense of security Furthermore, not every m 
which reduces the coagulation time of a hemophilic is necessarily 
troHing hemorrhage Just as the effectiveness of vitamin K cannot be csta 

* A new procedure named the prothrombin consumption test has been developed It cons 
mining (by the senior author’s method) the prothrombin remaining m the scrum i, 3, an 
the blood has clotted 
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by the coagulation time but onl) by the decrease in the prothrombin time, so the 
assay of any antihemophilic agent cannot be made with an absolute degree of 
certainty by the coagulation time, but will probably require the measurement of the 
prothrombin consumption 

The coagulation time is obviously of limited value in hemophilia cither m the 
diagnosis or in the treatment A prolonged value is suggestive of hemophilia pro- 
vided other causes are ruled out A normal coagulation time docs not exclude a 
diagnosis of hemophilia A history of bleeding and a markedly poor consumption 
of prothrombin during coagulation appears to be much more reliable evidence on 
which to base a diagnosis 

The coagulation time, is, however, of some practical and theoretical value 
A hemophilic with a coagulation time that is nearly normal usually has mild 
attacks of bleeding and only encounters serious trouble when relatively large 
vessels are damaged The seventy of the bleeding tendency appears to be relatively 
independent of the coagulation time when the value of the latter exceeds 15 to 
lonunutes In three hemophilics having average coagulation times of X5, 55 and 
110 minutes respectively, the frequency and seventy of the bleeding episodes during 
a period of observation of 6 months, was roughly the same Theoretically, the 
coagulation time is of value since it offers the only means to grade the seventy of 
the hemophilic defect Thus the difference in availability of thromboplastin be- 
tween the three hemophilics mentioned is so small that no other test, including the 
prothrombin consumption, can detect the difference 
The coagulation time has, it should be mentioned, served not only in establish- 
ing the presence in plasma of an antihemophilic agent, but has enabled Minot, 
Taylor and their associatesi^ to concentrate it They wisely depended not so much 


on a transient lowering of the coagulation time but on a sustained normal value 
^ypoprothrombwemta Prior to the advent of vitamin K, it was very puzzling to 
the surgeon why the jaundiced patient bled postoperatively in spite of a normal 
coagulation time The senior author, on the basis of his early studies on vitamin K, 
concluded that the hemorrhagic danger level was indicated by a prothrombin time 
of about Z5 seconds, which corresponds in man to a prothrombin activity of zo 


per cent of normal At this level the coagulation time is so little increased that 
wiless the test is done with great care it escapes detection, since it is still well 
Within the normal range In fact, it has been found^® that in dogs an increase of the 
prothrombin time from the normal of 6 seconds to 60 seconds is accompanied by 
a change of the coagulation time only from 3^ to 5I minutes, 1 e , an average in- 
crease of only X minutes Even with extremely low concentrations of prothrombin, 
the coagulation time is rarely as prolonged as m moderately severe hemophilia 
At very low levels, the prothrombin time and the coagulation time tend to become 
identical Thus, on reducing the prothrombin in a dog with dicumarol until the 
prothrombin time was zo minutes, a coagulation time of 19 minutes and a clotting 
time for recalcified plasma of 30 minutes was obtained The likely reason for such 
a result is that the limiting factor is prothrombin and that under such circumstances 

V '^^’^°°^'^°P^^stin of the plasma is adequate, and therefore additional amounts of 
the latter have no further effect 
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Early in the work on toxic sweet clover poisoning, one of us^^ discovered that a 
heart puncture m a rabbit with a reduced prothrombin caused fatal hematopcncard- 
lum This serves, therefore, as a useful means to study hemostatic effectiveness, and 


Table % — The Kelatiotishtf of the Coitgidattott Time, Clottmi Time of Recalctfed Plasma, and Proihremhin 

Tme to the Hemostatic Breakdown 


Dnj 


Rabbit 

Prothrombin 

time 

CoaRulalion 

lime 

(Lee Whilct) 

ClottinR time 
of rccalcified 
plasma 


sec 

pttn 

SfC 

I* 

6 

Mi 

185 

X 

6 

Mi 

165 

3 

6 

M 

M5 

4 

6 

ixi 

165 

5 

6 

M 

180 

6 

6 

ixi 

165 

I 

6 

M 

170 

X 

II 

M 

140 

3 

11 

Mi 

^55 

4 

9 

ixi 

no 

5 

II 

M 

115 

6 

loj 

M 

115 

I 

6 

M 

180 

X 

2-5 

M 

450 

3 


i6j 

405 

4 

»3i 

M 

M5 

5 

14 ^ 

i6i 

M5 

6 


M 

495 

I 

6 

M 

175 

3 

Mi 

i8j 

450 

4 

18 

Mi 

300 

5 

2-5 

Mi 

410 

I 

6 i 

M 

180 

4 

2-4i 

i6i 

435 


Effect of heart puncture! 


Fatal hcmatopencardinm 

Fatal hcmatopencardinm 

Fatal hcmatopencardinm 
Fatal hcmatopencardinm 


Fatal hcmatopencardinm 


- — • — - 

stomach tube „i,rr>nr coated synnge, which 

\ Blood was obtained from the median artery of the car with a sil 

probably accounts for the long normal coagulation umc ^nnroximatdy m the same 

\ The heart punctures were made with a No xi needle and alway pp 

position 

in table x a correlation is made between 

and the hemostatic breakdown A study of these resu ^ car- 

the prothrombin time is less than 19 seconds the animals u^niatopcricardiuffl 
Seeding With a prothrombin time of M seconds or more, hematope 
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invariably occurred While there was a slight increase in coagulation time, no clear 
cut relation benveen it and fatal hemorrhage could be found Interestingly, one 
of us has observed a senes of cases with congenital hypoprothrombinemia and has 
found that those with a prothrombin time of :6 seconds showed no hemorrhagic 
tcndenc)% two cases with a prothrombin time of 19 seconds showed a distinct bleed- 
ing tendency, and one case with a value of 30 seconds showed a very severe hemor- 
rhagic condition 

Obviously the coagulation time is of little or no value in the study of hypopro- 
thrombinemia It cannot be used for controlling dicumarol therapy Again basically 
the fact is brought out that hemostasis depends on the amount of thrombin formed, 
and when the prothrombin is reduced to about 2.0 per cent insufiicicnt thrombin is 
furnished for stanching 

AJIbrwogojema When total incoagulabilit) of the blood is found, afibrinogene- 
flua should be suspected and a qualitative test for fibrinogen made Recently, 
Pinmger and Prunty^® demonstrated experimentally that the prothrombin time 
remained approximate!}' normal in the blood of rhcir patient until the fibrinogen 
fell below 50 mg per 100 cc of plasma, and that the Lce-White coagulation was 
5 minutes when the fibrinogen concentration was as low as 30 mg It is obvious 
that the coagulation time has little practical value in this hemorrhagic condition 
except in the initial detection of a coagulation defect 
Hepartuemta Animals, particularly dogs subjected to peptone or anaphylactic 
shock, respond by an outpouring of histamine and heparin into the blood, and by 
a marked thrombocytopenia The resulting heparinemia may be so great that the 
blood is rendered incoagulable In man, the appearance of heparin in the blood 
has not been unequivocally demonstrated although there is a good probability 
that It can occur The increase of the coagulation time is not necessarily propor- 
tional to the concentration of heparin The latter can be much more accurately de- 
termined by titration with progressive dilutions of a standard thrombin solution 
The therapeutic use of heparin in the prophylaxis of thrombosis is successfully 
controlled by the coagulation time, but this is entirely on an empirical basis, since 
It has not been accurately determined how much heparin is needed for this purpose 
It IS probable that the effective action of heparin consists in neutralizing thrombin, 
and thus reduces the effective quantity of the latter 
From the foregoing discussion, it becomes clear that the coagulation time has 
limited value in the study of the known hemorrhagic diseases It has, however, 
an important function in the possible discovery of new hemorrhagic diseases On 
finding a prolonged coagulation, a concise diagnosis can be made only by specific 
J^csts such as the prothrombin time, and the prothrombin consumption test A 
ittlc over a decade or two ago, hemophilia was the waste basket for nearly all 
emorrhagic diseases characterized by a coagulation defect Since then hypopro- 
rombinemia, afibrinogenemia, and heparinemia have been recognized as separate 
entitles It is highly probable that other hemorrhagic conditions having a pro- 
onged coagulation time exist but thus far have not been recognized and defined 
ecausc of a lack of suitable methods of study 
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Summary 

The coagulation time is a measurement of the intrinsic power of the blood to 
convert fibrinogen to fibrin It is an empirical test no matter how performed, and 
therefore in order to be reliable requires that the test be done on venous blood under 
strictly controlled conditions A recommended procedure is outlined in detail 
The coagulation time is prolonged in hemophilia, hypoprothrombinemia, 
afibrinogenemia and hcparinemia In hemophilia, the coagulation time theoreti- 
cally IS a measure of the seventy of the disease but practically is of limited value 
since the coagulation time may be within normal limits in some patients, the pro- 
thrombin consumed in the coagulation of hemophilic blood is therefore a better 
guide for diagnosis The coagulation time in hypoprothrombinemia is relatively 
little prolonged until a drastic reduction occurs The test is therefore of no value for 
establishing a hemorrhagic condition in hypoprothrombinemia In afibrinogenemia 
the blood is incoagulable A small amount of fibrinogen restores the coagulation 
time to normal 

The presence of heparin increases the coagulation time The test is therefore use- 
ful in controlling the therapeutic action of this drug 
The senior author, in making a survey of the literature on hemorrhagic diseases 
in preparation of his monograph, was impressed by the significant and diverse con- 
tributions which Dr George R Minot made to this field of medicine We feel 
honored to contribute this study to the collection of papers offered as a fitting 
tribute to Dr dinot, who has so successfully and productively combined science 
and clinical medicine 


REFERENCES 

‘ ViBRORDT, C H Die Gcrinnungszcic dcs Blutcs in gesunden und kranken Zustandc Arch Htilkaiwit 
Ip 193, 1878 

* Wright, A E On a method of determining the condition of blood coagulability for clmical an 

pcrimental purposes, and on the effect of the administration of calcium salts in hemophilia an 
actual or threatened hemorrhage Brit MJ a aa}, 1893 . 

’ Brodie, T G , AND Russell, A E The determination of the coagulanon umc of blood J 7 ^° 

jz 403, 1897 mielancs 

* Hatem, G Du caillot non rdtractilc suppression de la formation du serum sanguin ans 80 “ 

dtats pathologiqucs Compt rend Arch d sc uj 894, 1896 T M Sc ri/ 

® Lee, R I , AND White, PDA clinical study of the coagulation time of blood Am J 

® Burker, K Em Apparat zur Ermittelung der Blutgcrinnungszeit Arch ges Physiol 
^ Sabrazes, j Proeddds pratiques pour ddtermincr, au lit du maladc, Ic dibut de la coagu atio 

ct pour faaliter 1 examen du caillot ct du scrum Folia hacmat x 394, 1904 jj 

« Fuld, E , AND ScHLESiNGER, E Ucbcf dic Gcrinnung dcs Blutcs Ber klin Wchnsc j 

® Hedbnids, P An apparatus for determining the coagulation time of blood Acta me 

'oNtoaard, K K Hemorrhagic Diseases Photoelectric Study of Blood Coagulability 

C V Mosby Com , 1941 t id 471 ^ 9^7 

u Christie, R V Studies m blood coagulation and haemophilia Quart J M . , ^’^-oagnlatioo 

T G S.I.co.a ..J * 

Canad M A J 16, 194^ 



QUICK, HONORATO AND STEFANINI 


11X9 


Patek, a J Jr , AND Stetson, R P Hcmophiln, nbnormal coiguhtion of blood md us rchtion to 
blood platelets J Clin Inscstigation // 53 1936 

*‘QincK, A J Studies on the enigma of the hemostatic d)sfunction of hemophilia Am J M Sc 214 

172-, 1947 

“Minot, G R , Dasudson, C S, Lewis, J H,TAaNON, H J , and Tatlor, F H L The coagulation 
defect in hemophilia the elTect in hemophilia of the parenteral administration of a fraction of the 
plasma globulins rich in fibrinogen ] Clin Inscstigation 704,1943 

“Quick, A J Evpcnmentall) induced changes in the prothrombin lc\ cl of the blood I Quantitative 
studies in dogs gnen dicumarol II The effect of metha Ivanthines on prothrombin per sc and when 
admmistered with dicumarol J Biol Chem 161 33,1945 

“ The coagulation defect in sweet clover disease and in the hemorrhagic chick disease of dietary- 

origin Am J Ph)siol iiS i6o, 1537 

“PiNNiGER,J L andPruntv,? T G Some obseiA ations on the blood-clotting mechanism The role 
of fibrinogen and platelets, with reference to a case of congenital afibrinogenaemia Brit J Exper 
Path , 2- 100, 1946 

“Quick, A J On the action of heparin and us relation to thromboplastin Am J Ph)siol iij 317, 
1936 



THE ACTIVATION OF PROTHROMBIN, WITH SPECIAL REFERENCE TO 
“THROMBOPLASTIC ENZYME” (TRYPTASE) 

Bj John H Ferguson, M D , Burton L Travis, B A , and 
Earl B Gerheim, M S 

T he basic mechanisms whereby plasma prothrombin is converted into active 
thrombin, in order to coagulate fibrinogen solution to fibrin clot, can be shown 
by an experimental analysis of the isolated phases of clotting m vitro The 
theoretic goal would be to isolate frotbrowbni in a chemically pure state and 
subject It to test reactions in order to learn the various factors which participate 
in Its activation to thrombin In actual practice, however, the criteria of punty arc 
difficult to define, particularly in view of the fact that mere traces of certain 
factors” suffice to cause a considerable degree of activation if operating over a 
long enough period Such “trace impurities” quite fail to show up in the usual 
criteria, e g , constant solubility,®’ unicomponent electrophoretic pattern and iso- 
electric point,®- and other data valid in protein chemistry ^ It is most necessary, 
therefore, to supplement the examination of “purified” clotting agents with a 
senes of sensitive tests for the presence and modes of action of these impunty 
factors 

Seegers and colleagues®’ have carried the difficult problem of prothrombin puri- 
fication to a point which is very satisfactory from the viewpoints of biochemistry 
and physiologic potency Through the courtesy of Dr Seegers, we have been sup 
plied with a number of these prothrombin preparations, the experimental anal- 
ysis of which provides the bulk of data herewith reported It must be emphasized 
that the results of these tests in no wise detract from the signal advance which 
these prothrombins represent m terms of potency and of freedom from all hut 
traces of contaminants 


I Reagents 

I Borat( bujferQaMd ') 45'oI z 5 perccntHjBOs, 45 vol o 5pcrccntNaCl, lovol 4 per cent Na-B 
10 HoO (a simplification of the formula given by Burden’) is used as solvent and diluent (c g , to 
volumes) throughout It maintains a constant pH of 7 7 and largely controls the lomc 
our solutions Its mild bacteriostatic properties arc valuable in permitting the ptoionge 
observation of the protein solutions, c g thrombin mixtures, for several weeks and fibrinogen^ 0 ^ 

days at room temperature, and fibrinolytic tests (and controls) for similar periods at 37 C, wit ^ 
very occasional contamination by molds and bactena (c g , Tj*, table 8), even without ertpor 

ilization of glassware, etc , and more than simple corking of tubes to exclude dust an pre\e 
ation 

i Ffbnnoitns Bovtne plasma Fractton -1 (B F ), Armour Lab , courtesy of Dr J B P 

to be a highly satisfactory fibrinogen preparation for quantitatisc clotting-timc stu les ^n^ ggjuOoM 

solution in borate buffer requires filtration of only a trace of insoluble fibrm-Iikc jj educed 

should be kept at cool room temperature (ao C), not in the icebox, since the protein so 0^ _ — _ — _ 

From the Department of Physiology, School of Mcdicmc, University of North Carolin , P® 

N C 
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by borate at low temperatures The insignificmt trices of thrombin which form in solution may cause 
a slight fibrinous flocculation in four to si\ days (i\ crigc) Ow ing to the broid zone of optimal fibrinogen 
concentration for clotung (Table x), this trace of fibrin mij be filtered off and the solution used for a day 
or two longer Howeaer, this is not recommended in tests of the highest iccuracy and it is unnecessary, 
smee a new batch of B F solution cm be relied on to give identical clotting-time values with similar 
thrombm solutions Rigid tests, with added CaCIi and thromboplastin, show a trace of prothrombin, 
but this requires man) hours to actnate and then produces a mere trace of clot By no criteria can these 
facts be regarded as in any wa) interfering with the data to be presented Armour s D F is significantly 
free fi’om tryptase, trj ptogen, and enz) me inhibitors (\ infra) It is stated to yield about 60 per cent of 
fibrmogen ( clottable N ) 

(b) ’Human flasma Fraction-1 (H F ) or antihemophilic globulin (crude,^^ Harvard Laboratory, 
courtesy Drs E J Cohn,J T EdsalI,G R Minot and colleagues), has a similar (60 per cent) fibrinogen 
content, a somewhat (but not unduly) greater contamination with fibrinous and thrombic impurities, 
and a trace of acuve protease (tr)’ptase), together with significant amounts of its precursor (tryptogen). 


Table i — Data on Prtthrombin Preparattons 

Potcnc) and stages of punfication according to Seegers, W H , Loomis, E C , and Vandcnbelt, 
J M Arcb Bttchem 6 S3, 1545 


Description 

Stage purif 

Thrombic potency (spcafic 
activity) 

Trace impurities (see text) 

Esp 

tag 

Lot No 

u /mg tj rosme 
N 

u /cc 0 2% 
soln 

Throm 

bin 

Cn 

P lipid 

Tryp- 

tase 

A 

Fior 

Product 4 

— 



+ 

+ 

+ 

tr 

B 

S460904 

♦ 

15x00 

— 

+ 

tr 

tr 

0 

C 

S460315 

♦ 

00 

8 

— 

tr 

? 

tr 

0 

D 

S460404 

* 

9400 

— 

tr 

tr 

+ 

0 

E 

S461104 

* 

1x600 

xooo 

+ 

tr 

+ 

0 

F 

S460913 

♦ 

13700 

1400 

+ 1 

tr 

+ 

tr 

G 

S 46 ixig 

Product 5 

— 

13x0 

tr 

+ 

+ 

+ 

H 

54704x1 

* 

9900 

— 

tr 

tr 

tr 

0 


Step 7 carried through ammomum sulfate and isoelectric prcapitaaons, frozen and dried 
(See Arch Biochem 6 go, 1945) 


which 

Linasc 


is best activated with Garner and Tillett s (1934) streptococcal agent now renamed 
In the present studies, H F is used only as a source of plasma protease (q v ) 


strepto- 


3 Protbrombins The data reported in this paper arc obtained by the use of several prothrombin prepara- 
tions purified to various stages of the method of Seegers, Loomis, and Vandcnbelt PRO A was pre- 
°’^‘'®^lvcs, from citratcd dog plasma, while the others, bovine PRO B-PRO H, were supplied 
b) Dr Seegers A summary of data on these materials is appended in table i and their coagulant proper- 
ties are discussed fully in the text Bnef allusion is also made to older Howcll-typet^ crude prothrombin, 
precipitated by acetone from heat defibrmated (56 C) dog plasma, and dned on filter papers 


^ Activators of prothrombin (a) Calctum salt (Ca) M/ioCaCU is prepared from stock M/i (ii i per 
by dilution, preferably with borate buffer 

\ J Ciphaltn (ceph ) the purified phospholipid isolated from brain ts is bnefly alluded to in the text 
wj tirtmbokinase or thromboplastin (tpln') the preparanons repeatedly used in these studies, arc filtered 
vg ass wool) borate buffer suspensions of several commercial thromboplastins, designed for use in plasma 
cPmthrombm assay tests, e g , tpln A Squibb s (rabbit bram), tpln B Difco s (rabbit brain), tpln 
arp and Dohmc s (horse brain) On a few occasions we used frozen dog brain (tpln P) The uni- 
of ^ trace of proteolyuc enz)'me in all these crude thromboplastins is noteworthy 
^ ^ see Proteases 
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5 hib,b,tcrs of Pmhrcmb.u Accvauon (z) Qtrau (fitO i/io vol 4 per cent trisod citrate (hydratd) 
IS optimal for (i) plasma preservation and (i) inhibition of 'spontaneous activation of prothrombin 
solutions (see text) 

(b) M/i o\alate (KiCiO^) or citrate (NaaQH^Oj), added to an equal vol of thrombic mixture, are 
best for progressive inactivation of thrombin-' intermediary (see text) 

(c) Ht^/irin (hep ) i lodil (borate buffer) of Ledcrlc s Sod hcparinate (r per cent) gives a solacion 
containing 100 Toronto units per cc, which does not alter the pH of the buffer 

(d) Ttyptau tnhthttors see Proteases 


6 Thrombtn For following fibrmogcnolysis (e g , table 13 A) or clot-lysis, when the protease is to 
be studied in the fibrin, it is necessarv to use an enzyme-free thrombin A convenient preparation for this 
purpose IS a I per cent solution of h ophilized rabbit hemostatic globulin ’ (h g ), Lederlc Laboratorv, 
courtesy Dr I A Parfentjev Some of the products, especially those supplied in solution for topical 
hemostasis,''^ arc less suitable, however Other commercial thrombins, viz (Tu) Upjohn s, courtesy Dr 
I T Correll, and (Tpd) Parke Dav is, courtesy Dr E A Sharp,'** arc alluded to in table 10 


Taole z — Clottini'tims sn Relatton to Concentration of Fibrinogen 
C t (in seconds), at zy C , for o 5 cc fibrinogen (D F -strengths* cited) -f- 05 cc thrombin 
(h g , 1%) — see Reagents 


Cone (%)• 

20 

1 0 

0 5 

02 

0 I 

0 05 

002 

Clotung-timc (in seconds) 

6 

S 

5 

6 

B 

10 

47 


* Grams of original material (B F 60 per cent clottable fibrinogen) per 100 cc 


Table 3 — Chttmg-ttmes tn Relation to Concentration anti Age oj Thrombin Solution 
C t (in seconds), at lo C, for o 5 cc B F (o 5%) •+- o zy cc thrombin (T)* 


Rcl T cone (%) 

100 

50 

25 

10 

s 

1 

Oi 

(Time in seconds) 

Aged i min 

4 

8 

II 


41 

! 84 

117 

‘ 30 nun 

4 

8 

II 


48 

104 

194 

60 min 

4 

8 

Ili 

3.4 

54 

130 

xoy 


* T (100%) = 3-day old mixture of 4 cc PRO G (o 4%) -b y cc buff o y cc tpln D + 0 5 
cc CaClj (M/io) — see Tj, table 8 


Or 

7 Proteases (a) Active enzyme (t) Pancreatic /tjprw (z')crystalline tiypsin, horn panCTCas, 

M Kunitz*' (Rockefeller Institute, Princeton) is desirable for such special purposes 
effects from those of chymotrypsin However, for most practical purposes, c g scan a 0 
protease assay by the fibrinogenoly tic method,-' (b) commercial trypsin (Fairchild Bros ^ 
will suffice This trypsin (tryp ) in the form of a x per cent extract made with cqua vo ® ° 

and borate buffer (r/ Burdon*), filtered, and stored in the ice-box, is the stock solution rom 

ard dilutions arc freshly made (with borate buffer) immediately before use One 
the fibrmogcnolytic potency (for o xy per cent B F ) of o 01 mg (per cc ) of our stan ar 
tests arc conducted in the warm room (57 C) or water-bath (39 C) 

(z)Tryptasc preparations (a) The Harvard human plasma fraction (III-}), snpphe ^ gctivit) 

of Dr J T Edsall,®*' has considerable proteolytic properues, together with ^^cted (i»'' 

(see text), (b) Dog plasma tryptase (trypt D) is prepared by a Zy he chtrtc 

ticularly from the point of view of stability of the enzyme preparation) bu p ^ ^utes a' 

terized as able to give complete fibrmogenolysis in 3 to 5 " 'Lubstrare, (c)07t»!l”’‘ 

room temperature, when using o y per cent B F , or fibrin clot therefrom. 
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human scrum albumin (H S A ) and crjstalhne bovine serum albumin (D S A ), Hin ard labontor) , courtesy 
Dr J T Edsall,®’ arc found to be contaminated \Mth a trace of actnc trj'ptasc 

(h) Preparations containing en:i:)me-prectirsor(tr)pfo?,"t') ^anj plasma protein fractions contain, in addi- 
oon to traces of actnc trjptasc, var)'ing amounts of trjptogcn (cnz)'mc-prccursor), which can be ac- 
uvatedb) shaking aMth chloroform,®' or, better, b\ using streptokinase® (v infra) 
(j)HumanplasmaFraction-I(RV'),\ supra, and the more refined (S5-90 per cent clottiblc ) but less 
stable (i) human fibrinogen (H Fb ”), products of the Han ard Laboratory (courtes) Dr E J Cohn and 
colleagues), are representatu c of this group, and so arc Qi) various CNH4);S04-pptd fibrinogens which 
we prepare from ilog plasma (D Fb ) On the other hand, Armour Laboratoc)' bo\ me fibrinogen and the 
more satisfactot) fibnnogen precipitated from boMne Fraction-I CE F ) by (NH 4 )''S 04 arc as enzyme- 
free as the cruder fraction “ 


Table 4 — Effect of Keeping Prothrombin Solution, with Refereme to Activation and Thrombin Yields, with 

Various Activators 

A Activation senes C t (m seconds) at Z5C , pH =77 (borate buff )for o 5 cc B F (o 5%) 

0 15 cc T 


T 5 cc vol , contaimng 4 cc PRO B (o 1.%) - 1 - o X5 cc M/io CaCls -f- o 15 cc thromboplastic 
agent 






Incubation Penod : 

room temperature 

1 


T 

Date 

Acti\ alor 

1 m 

10 

m 

30 

m 

|lbr 

1 

2 hr 

1 

|6hr 

I 

d> 

1 2 

d> 

4 dy 

7 

d> 

Clot lysis 
(37 C) 




seconds 


I 

10-8-46 

Ca only 

IIX 

^7 

66 

48 

38 

16 

9 

7 

3 

3 

0 (10 day) 

1 


Ca -f tpln A 

68 

M 

6 

5 

3 

3 

5 

3 

3 

5 

6-7 day 

3 

Ii-9-46 

Ca + tpln D 

1 

lO 

ix' 

8 

4 

3 

3I 

3 

3 

3 

3 

not tested 

4 

10-8-46 

Ca + tiyp (4-u) 

16 

7 

5 

5 

4i 

6 

19 

47 

100 

— 

3 day 


B Thrombin dilution senes 

10-8-46 Undil T2, hrs old = i i, o 5 cc B F (o 5%) -F o Z5 cc Tj dilutions 


kel T cone | 

1 1 

1 2 1 

1 4 

1 8 

1 16 

1 32 

1 64 

1 128 

1 256 

Clotung-umc, in seconds 

3 

6} 

9 

18 

2-5 

39 

61 

90 

X30 


^’’e’tease activators The stnptoksnase (strep ), long miscalled streptococcal fibrinolysm, used m 
' present studies, is a i per cent extract (m borate buffer) of a potent preparation made by the TiUctt 
and Gamer method ^ 


(d) Tijptase mhibitors Through the courtesy of Dr M Kunitz (Rockefeller Institute, Prmceton), 
we received some crystalline pancreatic trypsin-inhibitor (T I ®^) and crystalline soybean trypstn-inhibitor 

^ f ■*0i the highly significant tryptase- and thromboplasnn-inhibitmg properties of which arc dis- 
cussed m the text 


II Quantitative Methods 

Owing to lack of methods for direct chemical analysis in dealing with such 
complex proteins as fibrinogen and prothrombin (or thrombin), reliable assay 
methods necessarily involve the whole coagulation reaction Clotttng-ttme (c t ), 
measured under carefully standardized conditions, is the best and only currently 
practical solution to the problem of quantitative estimation of thrombin (ac- 
f'vated prothrombin) 
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Expcnmmal co,id,tiom « Being colloidal rcicnons.^" the clotting processes are influenced by (i) 
temperature, (x) pH, (3) salt content, (4) concentration (dilution) of specific factors (\ infra), and (5) 
adsorption and related colloidal phenomena ” In the last categorj' arc (a) effect of wcttablc surface, 
eg , the well-known abilit) of blood to clot quicker in glass than in paraffined,’® ’ plastic,” or silicone' 
treated'” tubes, and (b) the clot-aiding (second phase) or fibrinoplastic effects of a wide vancty of 
nonspccificconoids,cg kaolin, ®'gum acacn,«salminc,'» etc “The first step, therefore, is to standardize 
these experimental conditions 

Ftbntwgeji conctntratiou nud clottmg-ttvie Table 2. shows the varying clotting-times 
when a given thrombin solution (i per cent h g ) is added to an equal volume 
Co 5 cc ) of a senes of fibrinogen Cl^ F ) dilutions Confirmatory of many older 
data,'® there is found r brond optimum which, for this and similar fibrinogens, 


§ 1000 c f (sec) 

P 100 200 300 



Fio I Clottiko-Times and Relative Thromdin Concentration (Percentage) The In 
VERSE Law (ref Am J Med y 67, 1947) 

Clotting-times (see ) and 1000 — c t (see ) of i cc fibrinogen (o 5% B F ) -f o 15 cc thrombic (T) 
Temp 15° C, pH =77 (borate buffer) 

T = x-day old mixture of 8 cc PRO C (o x%) -}- i cc buff -f o 5 cc tpln A (o 15%) ■+" 0 5 
M/io CaClj 


lies in the zone of concentrations between i o and o X5 per cent A stable throm m 
repeatedly gives identical c t values with a recommended 0 5 per cent B F so u 
tion every time this is made from the lyophile-dried plasma fraction 
Thrombm conccntrattoii and clottmg-ttme Figure i shows the progressively s 0^ ^ 
clotting-times when a series of thrombin dilutions (o X5 cc vol ) are teste 
given fibrinogen solution (i cc 05 per cent B F ) at pH = 7 7 (borate b cr)^^ 
room temperature (15 C} The reciprocals of the clottmg-ames (1000 — ct , 
in this particular experiment, give a linear plot, illustrative of the so-c^ 
“inverse law In our experience, this law is of limited 
stricted range of thrombm concentrations and under expcrimenta 
which It IS not possible to define It docs not require rigid jjtions, 

non, however, to grasp the fundamental fact that, under standar tes 
a shorter clotting-time means more thrombin Tbroi^bin dilution sc 
in a number of the following tables to indicate at least the order 
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the relative amounts of thrombin corresponding to the various clotting-times 
The reservations with which we regard any clotting-test system in which the 
over-all dilution of the thrombin is changed led us to make the experiments of 
table 3 

Throuibiii instability during dilution experiments After complete activation of puri- 
fied thrombins (stt tables), the reproducibility of the clotting-time values in test 
after test often over a period of several weeks, is C^o anyone who has experienced 
difficulties in keeping the older types of unstable thrombins) truly amazing Yet 
any considerable dilution of these excellent thrombins at once introduces a factor 
of instability This is frequently apparent in less than a hour at room temperature 
and more rapidly if the temperature is increased Table 3 shows thrombin dilu- 
tion data first obtained immediately min ) after making the dilutions and 
subsequently repeated, on the same solutions, after ^ hr and i hr , respectively, 
at 10 C The stronger thrombins show no detectible change but the higher dilutions 
weaken progressively 

This phenomenon is encountered repeatedly with ever} type of thrombin studied, including the purest 
preparauons (free from protease, for instance) Moreover, an) destructive impurity would be in highest 
concentration and presumably most active in the stronger solutions It makes no difference whether buf- 
fer or distilled water is used as the diluent There is no turbidization to suggest denaturation It can 
only be surmised that much remams to be learned about the way in which coagulant potency is related 
to the colloidal structure of the thrombin protein Over-all dtlutton is undoubtedly a factor of considerable 
implication m the clotting system i® Not knowing the extent of these implications we believe it safest 
to insist upon always usmg a definite amount of prothrombin in a constant volume of tbrombic- and clot- 
ting mnetures, smee this approximates most closely the natural clotting conditions 

Prothrombin activation data, presented (j) in many tables (4-16) as actual clotting- 
times (c t ), (i) (table 17) as computed thrombin “percentages” (rel T cone ), 

(3) (figs 1, 3), graphically ("activation curves”), in the course of these studies, 
arc obtained as follows 

A given amount of prothrombin (Jixed for each senes of comparative experi- 
ments) IS mixed with any activators (and inhibitors) it is desired to study, and 
ibe thrombic mixture” (T ) made up to constant volume with buffer solution 
Actually the most potent activator, usually Ca, is added last and the incubation 
period (it) recorded from this moment At various periods, a measured sample 
Usually o 15 cc ) IS removed from the thrombic mixture and added to a labeled 
12- mm diameter Wassermann-tube containing the test fibrinogen (usually o 5 cc 
° 5 per cent B F ) gently mixed and agitated, and the clotttng-time (c t ) noted 

a stop-watch from the moment of mixing to the first appearance of defimte 
fibrin threads 


IS of ^ in our watcr-clcar soluuons, is sharp enough for an accuracy of 5 to 10 per cent, which 

“ fraction of a second We ignore the earlier point of incipient turbidity and do not trust the 
^ point of solidity (mvcrtibility of tube), since this (z) is read with less accuracy, fb) involves some 
ihromb ' ariablcs fe g diameter of tube) and (c) is often incomplete m the case of extremely w eak 

addi''''”' 3 minor CX3) dilution factor to check continuing thrombin formation between 

ihis'"^ fibrinogen and the onset of clotting, theorcucal objecuon ma} be raised on this point That 
IS o httlc pracucal significance, howeicr, follows from the fact that the most significant clotting- 
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times nre mcisurablc in -i matter of seconds after t long (often hours or days) penodof acu\ation More 
over. It tenis to enhance the di/Terenccs bet« een a Jong clotting-timc (due to sJou rate of thrombin forma 
tion) and a short c t (due to rapid approach tow ard complete actu ation) A larger dilution factor, e g , 
01 cc T+iocc BF has been tried on a number of occasions w ithout significant benefit Indeed, it is 
less suitable for use with \er} weak thrombins and the volumes are less convenient!) measured and pi 
petted 

We have a number of objections to the use of oxalate or citrate in the fibrinogen,’ e g , (i)continncd 
thrombin formation is still possible, cspcciallv in the presence of protease (see thromboplastic enzyme), 
(x) with undul) large amounts of anticoagulant (fig z), there maj be reversion of incomplete!} formed 
thrombin to prothrombin (see section on calcium and thrombin- “mtcrmediar) ), (3) there is certainly 
some second-phase inhibitor) effect which may be excessive with ven weak thrombins (compare h 
and T;, table 8), (4) the c t end-point is less sharp (a) in the case of oxalate, because of opacity due to 
CaCjOi (whenever calcium is present), (b) in the case of citrate, because of undue translucency at the 
alkaline pH (7 7) of our borate buffer, although 01 to o 4 per cent citration is permissible, at least mth 
c t <30 see , without significant clot-timing interference 

It is to be emphasized that the significant differences between the activation (and other) data art 
readily appreciated by simple inspection 

Second phase controls Whenever any question arises of possible clotting-time modifications due to a 
reagent hav ing some effect on the second-phase (thrombin fibrinogen interaction), vve always run suitable 
controls, with several thrombins or thrombin dilutions Examples will be noted in the tables 


Table 5 — Stabthty of Prothrombin tn Presence of (_Pratn') Thromboplastin 

X = zo cc PRO D (o z%) -t- zo cc tpin A (o Z5%), at room temperature 
T= 4 cc X (aged as indicated) -f- o 75 cc buffer -f o Z5 cc Ca, activated at room temp ot 
periods cited (it) Clotting-times (c r ), in seconds for o zy cc T ■+• o 5 cc B F (r%) 


T 

age \ 

1 m 

10 m 

20 m 

30 m 

time in 

I 

2.0 see 

334 

^9 

9 

6 

2 . 

Z4 hr 

568 

85 

30 

15 

3 

48 hr 

640 

12.6 

39 

^9 


7Z hr 

7^7 

^55 

5 ^ 

2-4 

5 

Control* 

114 

6 

4 

32 


1 hr 


3 hr -ihr 


3 

3 

5 

54 


JShr 

fit) 



* Control z cc PRO D (yz hrs older) -i- z cc fresh tpln A (o Z5%) + o 75 
N B The imtial prothrombin solution (in X) had been prepared 6 days previou y * 
in ice-box C/nfiltercd tpln A was used in Ts 


III Experimental Data ^ 

“Stabthty" of -prothrombin tn solution The tests of table 4 were 
per cent solution, in borate buffer, of PRO B, which, according 
(Seegers) potency of i5,xoo thrombin “units” per mg tyrosine N the 

IS one of the purest preparations Imtial tests, about t hours after 
solution, show a trace of active thrombin estimated to be < o 5 per ^ 
total potential thrombin yield, according to c t data in the accomp 

tion senes (B) u fT ) Ca. 

Activation tests (A) were made initially on Oct 8, 1946, wit ( 1 ^ 
and (T2) Ca + tpln (o i per cent) The latter senes was repeatc 
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months later, on Dec 9, with another thromboplastin D'), the prothrombin 

solution having been kept in the ice-box and now showing considerable increase 
in thrombin content Nevertheless, it is apparent from the data that there is still 
much prothrombin requiring activation Although the activation is much slower 
in Ti (Ca, alone), it finally (4 days) reaches a stable optimum of thrombic potency 
which, as measured by the 3" c t , is identical with that in the other two series 
While, therefore, the prothrombin solution is “unstable” in the sense that it 
slowly changes to thrombin and the more rapidly, the more favorable the condi- 
tions for activation, yet it is amazingly stable in the sense of yielding a reproducible 
amount of thrombin (identical c t ) even after two months storage and (ultimately) 
independent of the mode of activation used 

The absence of clot-lysts, or even of clot-retractton, in the Ti senes, observed for 10 days at 37 C, is 
noteworthy The extremely weak (6 to 7 day) fibrinolysis m the T2 senes confirms other data pointmg 
to a trace of proteolytic enzyme in the thromboplastm preparation The possible significance of protease 
contammants received special attention throughout these studies and the tests for lytic factors will be 
noted m the majority of the experiments There is no dctectible trace of such factors in PRO B, nor m 
the bovine fibrinogen (B F ) 

Table 6 — Stability of Prothrombin in Presenie of Ca'^ and Thrombin 

Tca = 15 cc PRO F (o 35%) -H 5 cc buffer -f- i cc CaClj ^.M/Io) 

A = Acavanon data on thrombic mixture consisung of x cc Tca (i min old at start) 4 - o 15 
cc buffer 

B = Maximal activaaon data, selected from senes of tests (but always reached within i hr ) 
on thrombic mixtures consisting of x cc To (age ated) 4-0x3 tpln (var fresh prepara- 
uons) 

C t (in seconds), at room temp (X3 ± x C) o 3 cc fibnnogen (o 3% B F ) 4 - o 13 cc thrombic 
mixture 


AgeTca 

1 hr 

1 dy 

2 dy 

3 dy 

8 dy 

Clot-lysis 

( 37 °C) 

Time in seconds 

A 

X30 

85 

1 

43 

1 

2.3 

4 

0 (7 day) 

B 

4 

4 

4 

4 

4 

3-4 day 


Stability of -prothrombm during thrombin formation As we shall note more fully 
in a subsequent section, Seegers’ purified prothrombins invariably show a trace 
of activt thrombin immediately on making the solution A great deal more throm- 
bin forms spontaneously” on standing in solution at room temperature or in the 
ice-bo\ for several days The activating factors resposible for this will be brought 
out in the sequel In the data (table 4) just considered, it is apparent that this 
thrombin can coexist m solution with unaltered prothrombin without demon- 
strable effect on the final thrombin yield The persistence of unaltered prothrombin, 
still able to be activated and thus complete the (100 per cent) thrombin yield, 
after rx days at room temperature, is recorded in the Ti* footnote to table 8 A In 
the following tables (5 and 6) are data to show that the same is true in the presence 
of amounts of (a) thromboplastin or (b) calcium salt, that are ordinarily optimal 
for their respective roles in the actn anon process 
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“oLe of d,L ? ,5- ° " '^="‘ ’’’^O D "">'«> "•'* “ 4">l 

peraturc for three days Equal samples were recalc, fed (a) .n.u.ed,atel,.(xosec) 


i ADLB 7 


- ^\pcrimattal stud^ of tertam actuators of pothrombtn 
^ Act ft atton serses 


u /ictfi atton smes 

CC of MAoclortpb T(Vx^ r.nd ^ -nd,catcd, ACTIVATORS, eg aij 

c. On second,), ,t „„n, (.M VII\'oL[V?'ZVTI 

periods st-itcd) '^ 43 eJ-W 05 ccI 5 F ( 05 %) -f o 15 cc T (at incnbanon 


T 

Actuators 

Incubation I’criod room tcmiicraturc 

Clot Irsij 
( 3 iC) 

S m 

10 m 

2 n m 

' 679 
803 

134 

4 

W m 

681 

807 

100 

3 ^ 

1 hr 

2 lir 

4 lir 


2d> 

Sdi 

4 dj 

I 

X 

3 

4 

(buff only) 
tpln onl) 

Ca only 

Ca + tpln 
— 1 

810 

SSo 

151 

921 

716 

863 

171 

5 

64S 

830 

65 

3 

517 

811 

45 

' 409 

809 

2.6 

3 

' 146 

412 

14 

3 

' 225 
z8S 

23 

3 

iSi 

iz 6 

10 

3 

145 

: 1S6 

7 

3 

0 (10 day) 

0 (10 day) 

4 da) 

4 day 

s 

6 

7 

Tryp + Ca 

Tt>p + tpln 

Tryp only 

! 

10 

ro 

zo 

6 

II 

II 

1 4 

' 7 J 

7I 

i 

4 

5 

5 

li 

si 

1 

8 

8 

1 

25 

25 

2-7 

35 

33 

ss 

99 

93 

140 

377 

343 

— 

3 d*y 

3 day 

3 da) 

8 

9 

lo 

Strep + Ca 

Strep + tpln 

Strep only 

Z3Z 

5-95 

397 

167 

15Z 

3 M 

152- 

81 

352 - 

14Z 

52. 

360 

235 

35 

343 

no 

2-5 

330 

100 

zz 

36o| 

37 

iS 

297! 

ZO 

11 

255 

27 

10 

90 

II 

29 

65} 

7 day 

0 (lO day) 

0 (lo day) 


B Tlirombtn dilution senes 


0 5 CC B F (o 3%) 4-0x5 CC T dilunons (T<, 5 hr old = i i) 


Rel T cone 

I 1 1 

1 2 

1 4 

1 8 

», 5 ur 

1 16 

UiU = . 

I 1 32 

1 

1 64 

1 m 

I 256 

QotDng-timc, in seconds 

3 


5 i 

23 

2-4 

43 1 

80 1 

180 

a «7 

C Second thast control Effects of Streptoktnuse 

Same cone as in A Various 

thrombins (I-IV) 

Thrombin 

0 

1 I 

II 

III 

n'' 


' . seconds — 

Controls 

Strep 

CO 

CD 

I 

3 

3 

43 

zS j 

360 

1 ^ 3 ° 

748 

310 


and (b) after aging 24, 48, and hours, respectively At the end of the senes, a 
controf (c) was made up to contain the same amounts of prothrombin (now 7^ 
hours Older), calaum, and a fresh thromboplastin suspension The prothfofflb.n 
activation was followed in the usual way on each of the thrombic mixtures 
for the minor difference of a slower activation in T 2 , Ts, T 4 (probably explained b)' 
the thromboplastin in the mixture showing the same sort of deterioration as 1 
ordinary solutions), the thrombin-forming ability is unchanged and results m a 
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final potency of 3" (c t ) in every case It can be concluded, therefore, that the 
prothrombin preserves its essential integrity m the presence of the crude brain 
thromboplastin 


Table 8 — Effects of Citrate and of Tryptn-mbthttors on Activation of Erothrombtn 
A Activalton (and inhibition) data 

T 5 cc \ol , containing 2 cc PRO G (0 4%), with cited Activators (0 25 cc M/10 CaCli and dil tpln D) and In 
hibitors (0^ cc \ol and final strengths noted in mg per cc T ) — %ea Reagents 

Clotting tunes, at room temp (23 ±2 C) 0 25T X OAB F (0 5%), after stated incubation periods 


1 

Activators 

Inhibitor 



Incubation Pgnod room temperature 



Clot-lysis 
(37 C) 

1 

i hr 

i hr 

1 hr 

2 hr 

4 hr 

1 dy 

2 dy 

4 dy 

1 wt 

2 wk 

3 wk 


(buff only) 

0 

46m 


36m 

33m 

2Sm 

7m 

Sm 

4m 

1 

1 

39* 

15** 

0 (10 
day) 

2 


citr (4 0) 

■ 

75m 


■ 


■ 

■ 

71m 

61m 

210* 

75** 

0 (10 
day) 

3 

Ca only 

0 

233* 

210* 

178* 


88* 

23* 

20* 

10* 

6* 

4* 

4* 

3 day 

4 

If (f 

TI (0 2) 


215* 

188* 

174* 

115* 

23* 

22* 

14* 

Si* 

5* 

4* 

4 day 

5 

« U 

S3 I (0 2) 

356* 

335* 


335* 

365* 

223* 

280* 

345* 

290* 

75* 

21* 

0 (10 
day) 

6 

Ca -h tpln 

0 

5* 

4* 

4* 

4* 

4* 

4* 

4* 

4* 

4* 

4* 

IH 

3 day 

7 


TI (0,5) 

11* 

7* 

Si' 

4i* 

4* 

4* 

4* 

4* 

4' 

4* 

B 

4 day 

8 

« tt 

SB I (0 2) 


103* 


103* 

118* 

no* 

117* 


43* 

25* 

13^ 

! 

0 (10 
day) 


* After 1 hr mcub mth Ca + tpln , on 22nd day, Ti was brought to 4' and Ts to 44* (but the Ts tube was contam- 
inated by mold) 


B Thrombin dtlultoii series 

0 5 cc B F (0^%) -h 0 25 cc T diluUoUS (T. 3 days old 100%) 


Rel T coDC (%) 

100 

50 

25 

10 

1 

5 

1 

05 

Clotting time, in seconds 

4 

8 

11 

22 

40 

84 

127 


C Second Phase controls 


Effects of ntrate and trypsin-inhibitors (same strengths as in A) Vanous thrombins (I-W) 


Thrombin ] 


I 

u 

in 

IV 



(seconds) 

(seconds) j 

(seconds) 


Controls 

00 

5i 

7 

20 

105 

Citrate 

00 

Si 

7 1 

21 

no 

TI 

00 

5 

6 

19 


SBI 

00 

Si 

7 

21 

— 


The trace of protease m tpln A (shown by clot-lysis tests of To in table 4) is 
evidently insufficient for any detectible prothrombinolysis - 
B Effects of cahttivi The addition of optimal amount of calcium salt causes a 
significant but verj’- minor increase in the slow rate of ‘‘spontaneous ’ thrombin 
formation and in the purest prothrombins studied full activation mat not be ob- 
tained even m a week Table 6 shows such a recalcified prothrombin solution 
(PRO E), followed over an activation period of eight da) s At anv inter%"enmg 
period, TS the data show , it is mcreh necessars to add adequate amount of thrombo- 
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plastm (three different preparations were used on successive days) in order, within 
Jess than an hour, to bring the c t value ro the same stable optimum (4 seconds) 
in every case This identical thrombin value is reached on the eighth day in the 
presence of added Ca, alone Such reproducibility of thrombin c t value is taken 
to indicate (i) complete (100 per cent) activation of all the prothrombin, and(i) 
perfect stability of the unaltered prothrombin and of the thrombin which it yields 

C Covclusiov as to effects of thrombw From these three experiments, therefore, 
it IS significantly concluded that the presence of thrombin during the intervening 
period, 1 e , prior to complete activation, shows no demonstrable effects on the 
unaltered prothrombin, either (a) destructive (cf ®“). o*' (t>) as an "autocatalytic”” 
(?) activator (cf ^) 

Mecharnsvi of activation of purified prothrombins The data already considered suggest 
that the “spontaneous” activation of these purified prothrombins depends upon 
certain trace impurities “ By (a) controlling individual factors discovered to 
participate in the activation mechanism, and (b) by testing for individual differ- 
ences in behavior of the several prothrombin preparations, much detailed infonna 
tion can be gathered as to the factors involved 

Experimental study of certain factors in modifying the activation of a partially purify 
prothrombin Table 7 presents data on certain factors studied in relation to the ac 
tivation of PRO F, which is a fairly typical representative of Seegers prothrombin, 
somewhat aged 

(Ti) shows very slow and incomplete (4 day) “spontaneous ’ activauon, wit 
buffer only, (To) shows essentially no effect of thromboplastin, alone (the s ig ^ 
retardation is not very significant), (T3) shows a minor increase in activation 0 
optimal addition of Ca-salt, alone, although the 4-day c t value of 7" denotw 0 ^7 
about zo per cent of complete activation (according to the thrombin t n ^ 
series B ), (T4) shows rapid (< i hour) and complete activaaon by Ca + T “ 

(o 15 per cent) 

Pancreatic trypsin (tryp ), in a final concentration (chosen in an effort to ^ 
interfering proteolytic effects) of 4 “units" per cc of thrombic mixture, 
excellent activator, especially in the presence of Ca (Ts) In this 
fig 3), trypsin was also very effective when used alone (Te) or with throm 
(T7), 1 e , without added Ca T? and Ts are almost identical 

The Icngthcamg of the clotting-tunes after the optimum, m these three senes, is ^ 
bmolyttc action of the ttypsm Even the i"-t" dififcrcncc between the optima (as compa ^ 
c t optimum of Tj) may be significant of some protbnmbtnolysts Speeding up oipBttnty 
Ts, IS significant, and the 3-day clot-lysis in T5 and Tt even more so (cf Tj and Tj) 

-p X 10 order m 

Streptokinase (strep ) was included in these experiments Clg, •*- 9 > 
control later tests (table 13) in which this agent was to be used as an a 
tryptogen (protease precursor) in certain plasma materials 

some calcium coni'®' 

Tests show only minor effects which can be cxplamcd in two ways, viz u 

of the strep preparation, (a) some speedmg up of the second-phase of the clotung 
shown in the control tests C It is an example of the nonspecific effect of many a , ,njse b »5 

action of which wc refer to as fibrmoplastic In the absence of thrombin, t e s 
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coagulant properties (C, O) Neither does it show proteolytic effects (Tg, Tjo) but, if anything (Ts), 
lessens the effectiveness of the fibrinolytic factor noted in Tj 

Before going on to a detailed consideration of the individual prothrombin-ac- 
tivators, we shall present some data on the effects of certain inhibitors because of 
the light they shed upon the activator mechanisms 

Ejfects of certain inhibitors on activation of purified prothrombin 

(Tables 8 and 9) Citrate (citr ) The ‘ spontaneous” activation of these pro- 
thrombin solutions is very greatly inhibited by 4 mg per cc (final concentration) 
of trisodium citrate Only after a week is there evidence of a trace of activation, but 
this IS still barely noteworthy at the end of two weeks, and only i per cent (ap- 
proximate) in three weeks (table 8, T2) The persistence of unaltered prothrombin, 
on the twenty-second day, is shown by incubating the residual Ti, Tz* with Ca -j- 


Table 9 — Inhibitory Effects of Hepann During Prothrombin Activation 

Ti = 4 cc PRO E (o 35%) o 5 cc buffer soln + o 2.5 cc tpln A (p 2.5%) -f o 15 cc M/io 
CaQs 

Tg = 4 cc PRO E (o 33%) -b o 5 cc hep (100 unit) -f- o 2.5 tpln A (o 2.5%) + o 15 cc M/io 
CaQj 

Clotung tests la — o Z5 Tj -t- o X5 buffer soln -+-053? (1%) 

lb — o 15 Ti -b o 1.5 hep (10 unit) 4-058? (1%) 

2. — o 15 T2 -b o X5 buffer 4-038? (1%) 

Tj = 4 cc PRO 4 - o X5 buffer -b o 15 Ca -b o 5 tiypsin (10 unit), incl for future reference (table 

i8)* 


Thrombic Mixture 
(T) 

5 m 

15 m 

30 m 

1 hr 

2 hr 

8 hr ' 

i 

1 dy 

2 dy 

3 dy 

7 dy 

la (in/fiow hepann) 

63* 

42." 

i 

9' 

6* 

4" 

4' 

4' 

4' 

4' 

lb (iud phase control) 

840" 

60* 

TS" 

12." 

8" 

5" 


4^" 

4i' 

4i' 

2 - (with hepann) 

i hr 

375" 

60 " 

19* 

i3r 

10" 

9" 

8" 

7i" 

4r 

3 C'Mth trypsin)* 

32." 

— 

8" 

5" ; 

4" 

4" 

8* 

14" 

! 40'^ 

— 


tpln for I hour Ti is brought to the complete” c t of 4 seconds T2 fellonly to 
44 seconds and proved unstable (48 seconds in 4 hours), but the obvious growth of a 
mold in the solution could explain the lysis of prothrombin (and thrombin) In a 
very similar but unspoiled test, Ti of table 16, the citrated PRO G was brought to 
the full c t 4 seconds value, on the seventeenth day (v p 1149) The citrated pro- 
thrombin, from the start, shows a faint trace of coagulant activity, which is the 
best evidence that the prothrombin actually contains this as a trace impurit) and 
not as the result of activation proceeding only in solution 
CrystaUtne pancreatic trjpstn nihibitor^- (T I ) table 8, T4, shows that o 2. mg 
per cc (final concentration) of crNStalline pancreatic tr\ psin-inhibitor is almost 
ithout effect on the activation of prothrombin b) Ca-alone, v hilc o 5 mg per cc 
has onl\ a slight delaMng action on the activation b) Ca -b tpln 
(The cnz3 mc-inhibitor does delaa clot-hsis b) about a da^ (37 C) ) 


ACTIVATION or photiirombin 


1 1^1 

Crystalhm soybean trypstn-tuhtbttoi (S B I ) in final concentration of o i mg 
per cc , IS markcdl}'- inhibitory to the activation of prothrombin both by Ca-alone 
(Ts) and by Ca + tpln (Tg) Its inhibition of the fibrinolytic enzyme is complete 

The differences between S B I and T I may be significant, suggesting that the 
soybean inhibitor has certain direct "antithromboplastic” (? anticephalin) effects 
not seen (to any important extent) with T I and probably unrelated to its effects 
on any protease present 

The second -phase effects of citrate and the trypsin-inhibitors are negligible in the 
control tests (table S, C) 

Heparnd^ (Hep ) It is important to note Scegers’ claim®' that his purified pro 
thrombins are ‘ antichrombin'’-frcc, and there is no reason, therefore, to suspect 
that heparin, as used in the tests of table 9, is acting other than directly, 1 e , w 
the absence of ‘co-factor” or ‘hcparin-complcment ” In the amount used (loo 
units, = I mg per cc ), heparin has some “antithrombic” inhibitory (clot-dc 


Table 10 — Effats of Var^tnf^ Amounts of Ca-^ During Frotbrombin Aaivution 
T thrombic mixtures, 5 cc \ol , containing (in borate buficr) 1 cc PRO H (oi%) + o^J“' 
tpln B (o 3%) -f- o 15 cc CaCI; (fiml strengths cited) Ciotting-timcs (sec ), at z^C, pH - 7 A 
for o Z3 cc T -f- o 5 cc B F (o 5%) -f o Z5 cc ildutnt (containing same amount of tpln 
and exactly enough CaClj to bring to same final cone (o 0115 M) in tacb clotong ( T + 
nuxtufc 


T 

Cn in T 

i m 

S m 

10 m 

15 m 

50 m 

seconds 

I 

0 

iJ-7 

iz6 

ii5 

13-5 

119 

z 

0 ooiM 

104 

IZ 

a\ 

A 

4 

3 

0 oojM 

9S 

6 

aI 

A 

4 

4 

0 

0 

H 

S 

58 

6 

5 

Al 

4 

5 

0 

0 

S 

139 

75 

55 - 

ZI 

7i 



f*rics 

laying) effect on the second" f base ^ which can be seen by comparing s jq 

which heparin was added to the fibrinogen in amounts exactly of 

those entering the clotting mixtures in series 2. with the heparin-free mix 
scries la It is noteworthy that this antithrombic action is most vast ^^^1 
case of the weak imtial thrombins but almost negligible Q second) m t 
fully-formed thrombins at the end of the series Series ib, therefore, is 
control for the first-phase action of heparin, which scries x shciws to^^ 
a marked delaying (“antiprothrombic,” in a general sense)'® 
prothrombin activation After a week, however, the seconds c t 
with the control, proving that there is no difference in the of 'bf 

yield These results closely resemble those obtained'® by a slight '■c jgsac”'^ 
throtnboplastic factor (table ii) and are best termed antit 010 

((f®) 

(From data published elsewhere,*® it is established that heparin, 
unable to inhibit the fibrinolytic enzyme ) 
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Constderatton of individual prothrombin-activators 

I CALQUM 

The ability (a) of citrate (or oxalate, etc ) to prevent the ‘ spontaneous” activa- 
tion of prothrombin solutions and (b) of added tombed Ca-salt to speed up thrombin 
formation, to a degree depending upon certain “thromboplastic” factors (see 
below) confirms the long-established fact^^ that ionized calcium (Ca++) is or- 
dinarily essential for the activation of prothrombin to thrombin 
Amount of calcium present Paucity of materials precluded any attempt at quanti- 
tative Ca analysis of these prothrombins, particularly since the inability to im- 
prove the extremely slow “spontaneous” activation by simply adding thrombo- 
plastin (e g table 7, To) was believed to indicate that very little calcium could 
be present However, a qualitative test, in which i cc of o 4 per cent PRO G was 
treated with an equal volume of M/ 1 K2C2O4, showed a definite turbidity and over- 
night sedimentation of a trace of calcium oxalate In this particular preparation, 

Table h — Effects of Varying Tbromboplastin Concentration on Activation of Prothrombin, with Special 

Reference to Thrombin Yield 


5 cc vol of (T) thrombic mixtures (A-E) containing x cc PRO A -f- o xj M/10 CaCIo 
tpln A (final dilutions stated), in borate buffer (pH = 77) C t (sec ), at room temp (X5 ± x C) 
° 5 B F (1%) -f o 15 T 


Thrombic hluctures 

A 

B 

C 

D 

E 

Cone of thromboplastin 

I 500 

I 1000 

I 4000 

I 40,000 

I 400,000 

Rcl cone 

800 

400 

100 

10 

I 

Opumal thrombin c t 

Time needed to reach opti- 

4 

4 

6 

8 

10 

mal activauon 

I hr 

X hrs 

18 hrs 

3 days 

4 days 

CLOT-LYSIS (at 37 C) 

3 day 

5 day 

>7 day* 

0 (7 da> ) 

0 (7 da) ) 


* Good clot-retraction, but Ijsis incomplete 


therefore, contamination with some available calcium was actually demonstrated 
PRO G was used in the experiments of table 7, but neither in this case nor in the 
data of similar studies (see tables) can the test with buffer alone be taken as evi- 
dence of differences in the amount of calcium operating (as compared with the 
recalcified mixtures), since the thromboplastic factor is also a variable Only when 
thromboplastin, alone, is added, as in T2 of table 7, without improving the ac- 
tivation, can It be suggested that inadequate amount of available calcium (in 
PRO F, in this case) is responsible for the extremely slow and inadequate thrombin 
formation It is not possible in the 4 da) observmtion period of this particular ex- 
periment to predict the ultimate thrombin )ields in Tj and T2 The mode of action 
of thromboplastic enzyme’ is discussed later (pp 1 146, 1 1 50) but it ma\ be stated 
from the data of table 7 that trjpsin appears able to make both calcium and throm- 
boplastic factor (prob cephalin) available’ from other\Mse inert combinations 
'Mth the prothrombin protein (T5, Tc, T7) 

Effects of i ary Dig Ca'^~ concentratton in first phase of clotting (Table 10 ) It has long 
been recognized" that the essential action of Ca-ions in the clotting process is 
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ACTIVATION OF PROTHROMBIN 


limited to the first phase (activation of prothrombin) and reqmres a Ca++ concen- 
tration above a certain “minimum ’ and not in excess of a certain “optimum” 
because of inhibitory effects *•' The exact working out of the effects of varying 
the amount of calcium during first phase tests is rendered difficult’” because of a 
significant second phase action, at least with higher Ca concentrations, due to 
relatively nonspecific ion effects during the thrombin-fibrinogen interaction ''^The 
experiments summarized in table lo represent a new attempt to clarify this problem 
All reagents, including CaCl 2, were dissolved in borate buffer The (added) Ca 
content was varied from 0-0 05 M (T1-T5) and the amount of thromboplastin 
was kept constant throughout A scries of dtlucuts was prepared containing the 
same amount of thromboplastin and exactly enough CaCla for admixture with an 
equal volume (o 15 cc ) of the reipective thrombic mixtures and o 5 cc B F to 


OXAL ATION 



cc. 


Fig i Effects of Oxalate at Various Stages (Zones) of Prothrombin Activation (f 
Am J Med } 6 y, 1947) Clotting- and incubation-tiracs at pH =77 
I Thrombic mixture (Ti) 13 5 cc PRO C(o5%)o75CC tpln C° ’• 5 %) + ° „ ci 

Clotting tests i cc B F (1%) + o X5 cc buff o 13 cc Tj 11 Clotting tests i cc B F 0 %) 

M/ 1 K2ClO^ -j- o X5 cc Tj ni Thrombic mixture (T2) 3 cc T (5 mm old) -b } cc M /1 ) yClDt 

tests I cc B F (i%)-i-o5CC Tj IV Thrombic mixture (Tj) 3 cc TiC3omin old)-F 3 ‘'‘' 

Clotting tests i cc B F (1%) -|- o 5 cc Tj 

bring the Ca concentration in the final clotting mixture to o 01x5^ m every 
The control of Ca and tpln in the “second phase” is, therefore, 
optimal 4 seconds c t was identical in T2-T4 and no difference was note 
test, not included in the table, with T3 -f buffer (instead of diluent) wbic 
the Ca concentration to o 001Z5M Thus, in a range of Ca concentration^^ of pro- 
second phase effects, there is seen (table 10) marked variations 10 the 
thrombin activation, but no effect on the amount (potency) of thrombin 
formed For this 'first phase action of Ca salt, there is a definite 
about o 005M (Ta), with delayed activation below this (T2), ^ 

slowing at higher Ca++ concentrations (T^) ,nttT 

Effects of oxalate (or citrate) during prothrombin activation 
mediary ” In 1937 we published some experiments in support 0 t 


that 
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thrombin formation proceeds via an intermediary” (calcium-prothrombin- 
cephalin) complex or compound Although this idea seems to have been well re- 
ceived (ref ■"), the inter\'ening decade has not brought forth confirmatory publica- 
tions from other laboratories We have, therefore, taken the present opportunity 
to repeat the same kind of experiments with the newer highly purified prothrom- 
bins Fig z, reproduced from a recent review,^ shows what we believe to be a 
typical result In this experiment, a control (I) thrombic mixture (PRO C (o 5 
per cent) -j- Ca -f- tpln ) was followed without oxalate A portion of the same 
mixture was removed (a) after 5 minutes (3) and again (b) after 30 minutes (4), 
in each case being added to an equal volume of M/i KiCiOj and the further activa- 
tion studied, by using double the volume of the new mixture in the clotting-test A 
second-phase control (z) consisted in adding, to the fibrinogen, a svigle volume of 
the original thrombic mixture shortly (60 sec ) after the addition of a like volume 
of M/i K2C204 Buffer was used instead of oxalate in i 

Under these fully-controlled conditions, therefore, it is highly significant that 
the earlier (5 mm ) oxalation (3) of the prothrombin-thrombin mixture showed 
pogressive loss of thrombic potency, in marked contrast to the “riper ’ (30 mm ) 
mixture (4), which is unaffected by addition of oxalate Our earlier paper^- may 
be consulted for evidence that the final thrombin may be “decalcified” by oxalation 
and elcctrodialysis without significant loss of thrombic potency 

II THROMBOPLASTIC PHOSPHOLIPID 

A Cephalw (ceph ) The phosphatide, or more accurately the group of phos- 
pholipids (since there are isomers and homologues with varying fatty acid radicals, 
not all of which are clot-aidmg*'*), designated chemically as phosphatidyl ethanol- 
amine,^^ IS a thromboplastic ’ agent At least this is true of the P-lipid as isolated 
from brain and other tissues as well as from plasma, etc , the fact being first clearly 
recognized by Howell®'’ and Zak^' m 191X, although the identification of the 
phosphatide required later work and may still be incomplete ^ '' In some earlier 
quantitative studies^^ on crude (Howell-type) prothrombin, we showed (i) as 
little as one part of cephalm in several millions has distinct thromboplastic ef- 
fects, (z) thrombin yield depends upon amount of ‘free” (or available’ ) cephalm 
present, (3) considerable amounts of cephalm (and other substances) can be demon- 
strated in combination with the prothrombin protein*” even when it shows little, 
if any, ability to be activated by Ca, alone 

It would be highly desirable to repeat these data, especially (a) the analytical 
and (b) the full study of thrombin yields, upon the newer prothrombin prepara- 
tions At present, however, we are handicapped by lack of cephalm and of sufficient 
prothrombin With two old (several years) and weak cephalm preparations, we 
were able to confirm the thromboplastic action of the P-lipid, but this is the extent 
of the data which, for the present, we can include under this head 

B Thromboplastin (tpln ) We have had no opportunity to study the thrombo- 
plastic lipoprotein' which Chargaff et al claim to have isolated from lung tissue 
and plasma The present data were obtained with the use of various crude thrombo- 
plastin (thrombokinase) preparations described under Reagents Mertz, Seegers and 
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Smith®'’ found that the amount of added thromboplastin (a lung preparation) 
determined the thrombin yield from purified prothrombin Table ii shows the 
essential data when we follow for 7 days the effects of varying concentration of 
brain thromboplastin (tpln A) added to recalcificd dog prothrombin (PRO A), 
a partially purified preparation The least amount of the tpln in the thrombic mne- 
ture was i 400,000 which was weak, but by no means minimal The i 1000 and 
I 500 concentrations arc clearly maximal Owing to the limited amount of pro- 
thrombin available, there was insufficient thrombin for a dilution series, but it is 
clear, nevertheless, that (i) above a certain “maximum,” increasing the thrombo- 
plastin concentration speeds up the raU of prothrombin activation without in 
creasing the thrombin j/eW (as shown by c t value), whereas (i) below a certain 
optimum,” lessening the thromboplastin definitely reduces the final amount of 
thrombin formed, in addition to greatly slowing the rate of activation Thus, the 
main facts, previously reported with regard to the thromboplastic action, whether 
of cephalin’’’ or crude thromboplastin,®*’ arc adequately confirmed in the present 
study 


The data of table ii again clearlj show the trace of fibrinoh tic factor, which, since it diminishes with 
the thromboplastin concentration, must come chief!) from this source 

Dtttnoratton of thromboplastic impurity ni prothrombin preparations During the 
course of these investigations we had occasion to secure prothrombin activation 
data of similar kind on repeated experiments with the same prothrombin prepara 
tion over some weeks or months It became apparent that a change in the character 
of the activation could often be noted An especially good example of this is s 
in data obtained, as little as three weeks apart, in the case of PRO G, as is 
seen from the data collected in table ix The rate and degree of spontaneous^^ 
activation are particularly affected Qia vs ib'), but there is also much 
the ability to be activated by Ca, alone (ya, i.b') Even the better start w 
Ca gets in a repetition (it) of the last test, after 24 hr keeping the P 
tion (in ice-box), does not significantly hasten completion of thrombin 0 ^ 
However, there is no appreciable difference in the response to Ca + tpln 0^’ ^ 
which is complete (4 seconds c t ) in one-fourth to one-half hour in bot m 
thus proving that the properties of the prothrombin itself are stable T e 
mg of the clot-1 ysis time by about one-half day in T.b, 3^ hardly seems 
The conclusion favors the idea of a deterioration of a more essential 
factor than the protease impurity Our guess is that this refers to t 
plastic phospholipid (‘ cephalin-like” in character) * 


III THROMBOPLASTIC ENZYME 

Thromboplastic enzyme in relation to blood-clotting and proteolytic phenotnei 

The Ferguson blood-clotting theory^® centers around a special or 

role of small amounts of natural plasma or tissue proteolytic enzyme 

factor *■ 

* It IS possible that wc were here encountering the effects of an unstable accessor) 
accelerator globultri by Ware, Scegers et al (sec Addendum) 
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■plasmtu^ or fibrinolytic protease'-) However, this is not regarded as a basic factor, 
since prothrombin, in our experimental systems, is rapidly and completely con- 
verted into thrombin by calcium (Ca++) and cephalin (thromboplastic phospho- 
lipid) even when no protease can be demonstrated We had shown this previously^" 
when using crude prothrombin Trypsin, in vitro, corrects the thromboplastic 
defect of hemophilia In the present study, all the thromboplastic preparations 
(except cephalin) showed at least a trace of tryptase impurity, revealed by the 
clot-lysis test The role of the thromboplastic enzyme we believe to be of the nature 
of a weak digestive action (“disaggregation,” Pope"’ ) upon the complex unions 
of plasma proteins with phospholipid and calcium, thereby mohtltx.wg or making 
“available” these necessary activators and thus, in a sense, ‘catalyzing” the pro- 
thrombin activation The high fidelity with which the new purified prothrombins 
permit us to follow the course of the activation process has enabled us to con- 
tribute the following highly significant data on (i) the thromboplastic activity of 
natural tryptase in a variety of plasma products and (z) certain interrelationships 
between thromboplastic and proteolytic properties Highlights of these data are 
(3) use of streptokinase (v infra), instead of the less reliable Delezenne and 
Pozerski®" (1903) ‘ chloroform-method,” for activation of protease precursor 
(tryptogen) and (4) study of effects of certain recently isolated crystalline trypsin- 
mhibitors, of protein or polypeptide nature, from pancreas"" (T I ) and soybean'*'* 
(S B I ) — see Reagents 

Thrombo-plasttc action of tiypta^e (streptokinase-activated tryptogen') in human, and 
other, fibrinogen-containing plasma fractions Our first clear demonstration of the 
thromboplastic action’ of natural plasma tryptase was made with streptokinase- 
activated human plasma Fraction-I (H F ) and the more refined fibrinogen (H Fb ) 
obtained from the Harvard laboratories (see Reagents) The data of table 13 are 
reproduced, with minor modifications (including clot-lysis data), from Proc Soc 
Exper Biol & Med 64 ^ix, 1947"^ 

The preliminary fibrinogenolytic tests (A) show that streptokinase (strep ) acti- 
vates the plasma tryptogen, in H F , to a proteolytic potency comparable to that 
of zo-unit (final concentration = z units per cc ) trypsin (tryp ) — (see Reagents) 

The thrombic mixtures for the activation tests (B) consist of 5 cc vol , contain- 
ing z cc PRO B (protease-free-v Ti), z 5 cc of lysate (or buffer) o Z5 cc buffer 
+ o Z5 cc Ca Thus, the trypsin concentration (final) in T4 is only i unit (= o 01 
mg ) per cc Obviously, the amount of protease in these activation tests is very 
small indeed 

The activation data, in the presence of optimal calcium (added in all tests), 
clearly show the thromboplastic” improvement in thrombin formation by the 
lysates A (tryptase) and B (trypsin) in T3, T4, respectively Hcat-defibrinated H F 
(C) IS used to control the possibility of some thromboplastic factor, other than 
the proteolytic agent, being the cause of the T3 result The series To is practically 
identical with series Ti (Ca only) Thus, we conclude, the enzyme acts in conjunc- 
tion with the trace of thromboplastin mobilized from the prothrombin prepara- 
tion 


Wc ha^ c prcviousl) noted ftablc j) that the streptokanase (protease activator) is devoid of significant 
thromboplastic, thrombic, or proteoiytic cficcts 
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Other data on strcptokinasc-activatcd human fibrinogen (H Fb ), dog 
(NH4)2S04-pptd fibrinogen (D fb ) — see Reagei/ts — are cssentialJy similar 

Throwbop/ast/c Qaiid throwbic') actions of Ill-j and effects of trypsin-mhibitors (see 
Reagents') Table 14, modified (by inclusion of (i) thrombin percentages’ and(i) 
clot-lysis tests) from data in the above-cited publication/^ shows a definite 
thromboplastic” action of the protease contained in the Harvard human p/asm 
fraction III-3 ““ 

The c t data of the thrombin dilution series, in section B, enable us to express 
the degree of activation in relative thrombin ‘percentages” (v p 1134) Those 
for the I hr incubation arc included in section A Note 

I The 100 per cent activation by Ca + tpln (Ti) was actually obtained inf hr 
and remained stable for a week or more 

z Ca, alone (To), gave only i pier cent, in 1 hr 

3 Ca + enzyme (Ti), increased this to Z5 per cent, a considerable ‘ thrombo- 
plastic” effect 

4 III-3 IS not an ideal tryptase preparation, because it has some thrombicac 
tion' ’ of Its own, but the control (To) shows this to be only i per cent, quite unable, 
therefore, to account for the above effect 

5 Pancreatic trypsin-inhibitor (T4) reduces the thrombin formation to 10 
per cent 

6 Soybean trypsin-inhibitor (Tb) diminishes it to less than i per cent, com 
pleting inhibiting the thromboplastic enzyme The question of an additional irec 
“antithromboplastic” action of S B I was raised on p ii4z(and see table ;ati 
IS fully answered below 


Nomenclature Our nomenclature of the fibrinol) tic and thromboplastic plasma protease as 
tasc (cf IS tentative and based on the practical consideration of man) similarities 
cnees m origin, etc ) to pancreatic tr) psin There is no current agreement on nomenclature, 
and there arc ccrtainl) several plasma proteases, c g , cathcpsins,'” and possibl) papain likcenz) ^ 
coincidence of thrombic and proteolytic actions in in-3 might suggest a papainase (cf )> 
for the fact that our other tryptase preparations lack the coagulant effect 

Modes of action of tryfstn-tnhtbttors , 

I Antitiyptic effect These known pancrcatic-Z/^^j-zK inhibitors were shossn to mhibit p 

tase in fibnnogcnolytic and fibrinolytic tests ” onizesnof 

1 Antithromboplastic effect The later tests of Ts senes (table 14) suggest that S B I ppo-jtc 

only the protease but also the natural thromboplastic (phospholipid) factor which jdded 

m the control (Ti) There is no good evidence for this m the case of T I The control tests (" j)cjrl) 

enzyme) in table 8, were made with the same prothrombm (PRO G) as the table 14 signiS^*®''^ 
show inhibition of prothrombm activation by S B I , both (Ts) with Ca, alone, and, more 
(Ts), with Ca -f- tpln The T I shows negligible effects of this sort additional direct 

It IS concluded, therefore, that the soybean- (not the pancreatic-') trypsin-mhibitor (table 9) 

antithromboplastic (? anticcphalm) effects, somewhat like the first-phase acuon 0 pro'cd m 

3 Second-phase controls The negligible effects of trypsm-inhibitors in the second p a _,„j]t sent as 
the data of table 8, C An additional possibility that S B I (under certain ,11 tabk ij 

a co-factor for the antithrombic effects of heparm was also ruled out by 'Trfiriconcentrat.on)«[ 
Observe the slight immediate antithrombic effect of 2.5 Toronto units per cc ( ^^ccol 

heparin on the thrombin (o 5 per cent h g ) tested (m which there is no reason to sus^ jjcther tes'^ 
any co-factor) The S B I had no antithrombic action (a) immediately or (b) after i 


alone or with hepann 
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Other active trjptasc preparations None of the other plasma fractions studied, 
except the less purified piothroiiibnis G and A (see table i) and some commercial 
throiiibius (e g table 2.0, TLc) showed coagulant activity as well as protease effects 
Protease could not be detected (table 18) in the highly purified prothrombins 
(B — ^E), nor in certain thrombin preparations (table zo, TL4) It is certain, there- 
fore, that It must be regarded as an impurity Excepting cephalin (purified P-lipid), 
all the tbroiiiboplastic agents (see Reagents^ tested were found to contain a trace 
of tryptase (cf In view of this ubiquity of tryptase in all but the most highly 
purified plasma and tissue products, it is not surprising that we were able to demon- 
strate both the lytic and thromboplastic (weak) effects of this protease in crystal- 
hne seriiin albumin preparations (Harvard Laboratory®* — see Reagents') of both 
human (H S A ) and bovine (B S A ) origin 

Table ii Prothrombin Acttralton Tests Effects of Apng (j weeks') 

T 10 cc \ol , containinp 4 cc PRO G (0 4%) and cited acltrators OJ cc M/10 CaCL 0 5 cc tpln B (0 75%), in 
borate buffer, pH — 7 7 PRO in 2c same as in 2b but 24 hours older (kept in ice chest) 

C t (sec ), at room temp (21°-22°C), for 0 J cc B F (0 5%) + 0 25 cc T 


T 

Date 

Acti\ator 



Incubation Period room temperature 



Clot-lysis 




i hr 

i hr 

1 hr 

2 hr 

4 hr 

24 hr 

2 dy 

4 dy 

7 dy 

11 dy 

21 dy 

(37 L) 

la 

1-14-47 

(buff onl>) 

610' 

555' 

1 

360' 

210' 

145' 

58' 

36' 

26' 

12' 

51' 

51' 

0 (7 
day) 

It 

2- (5-47 


2760' 

2660' 

2190' 

2000' 

1500' 

428' 

350' 

245' 

130' 

39* 

15' 

0 (10 
day) 

2a 

1-14-47 

Ca only 

167' 

133' 

87' 

45' 

31' 

13' 

9' 

51' 

4' 

4' 

— 

2 day 

26 

2- 6-47 

( << 

233'| 

210' 

178' 

150' 

88' 

23' 

20' 

10' 

6' 

4' 

4' 

21 day 

2c 

2- 7-47 

<( (( 

126'| 

119' 

105' 

92' 

60' 

38' 

32' 

18' 

6' 

4' 

4' 

21 day 

3a 

1-14-47 

Ca + tpln 

4' 

4' 

•‘'1 

4' 

4' 

4' 

4' 

4' 

4' 

— 

— 

2 day 

36 

2- 6-47 

‘ 

5' 

4' 

4' 

4' 

4' 

4' 

4' 

4' 

4' 

4' 

4' 

21 day 

4* 

1-16-47 

Ca -f- trypt D 


6' 

8' 

11' 

— 

— 

— 

— 

— 

— 

— 

2 hr 


* Tryplase e-rpt , uncontrolled, incub at 39 C (incl for future ref , see table 18) 


Dog plasma tryptase Our current preparations of high-potcncy plasma tryptase 
are not yet perfected (see Reagents), but the preliminary data are confirmatory 
of those on other tryptase preparations, with a few important additions 
Table i6 shows some prothrombin (PRO G) activation data, using dog plasma 
tryptase (trypt D), with and without trypsin-inhibitor and other activators 
In T2, I 500 tryptase slightly improves the weak clotting in citrate (cf Ti), 
but the most significant point is the virtual absence of activation in i to z days, in 
both series The 95 per cent (approximately) unactivated prothrombin, at the end 
of a 17-day period, was completely converted, to 4 seconds c t , after i hr incuba- 
tion with Ca -f- tpln D (see Footnote,* table 16, A) (Fibrinolysis was advanced 
but not quite complete in T2 series on the 7th day (37 C ), whereas the control 
(Ti) series were negative ) 

The thromboplasuc ’ action of the tryptase is seen in T4 and Tb, as compared 
■With the T 3 control (Ca, only) When thromboplastin plus Ca arc the activators 
(Tg), the tryptase is hardly necessary, but it does reduce the total activation time 
from z to I hr (Tjo) 
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The fibnnoU tic potcnct of the iddcd tr) ptise is marked in Tj and e\idcnt in Ti (b) compleuon of 
1 } SIS in a da) less than in Tj) The same is true of Tio \ersus Tj 

Two reasons are suggested for the failure of the thromboplastic action to be as 
strikingly evident as the fibrinolytic efiect (i) Deterioration of thromboplastic 
(? P-lipid) impurity, as previousl) noted (table 12.), (i) Prothrombinolysis, in 
case of stronger protease Tj, as shown b) the longer earl) c t values, together with 
some thrombinolysis, definitely shown in the late c t values The failure to reach 

Table 13 — Thromboplastic Action of Plaima Trjpiasc, Compareil with Stamlarif Trjpsw I 
A Preparation of actuators Timing of fibrinoiei'ol^sis 
Clotting-timc test o 5 cc mi\t +0x500 thrombin, cnz\ mc-frcc (h g 1%), at 14 C, after stated 
incubation periods, at 39 C 



(cc) Jlivturc 

1 } mm 

1 3 

1 

i 

9 

4 1 

1 1 

1 

j 1} hrs 

1 

1 (incub at 39 C 
for Li sis) 

A 

4 0 H F (1%) 

0 4 strep (1%) 

6 " 

15 " 

45" 

CO 

■9 

+ 

CO 

! (c t , at x4 C) 

B 

! 

4 0 H F 

0 4 tr\ p (xo-u ) 

6" 

Xl" 

51 " 

1 

! 90" 

+ 

CO 

C ) 

c 

4 0 H F 









0 4 buffer 

heat'defibrimted nt 56C (3 

min ), 

altered through glass 







ool 




B Prothrombin actii at ton tests 

T 5 00 vol , containing 1 00 PRO D (s> %%'), recalctfied (0 t-') M/io CaQ:), and mived w 
X 5 00 of ated actuators (A, B, C) 

C t (sec ), at 14 C, pH = 77 (borate buffer), for o 5 cc B F (o 5%) + o 15 cc T, a ter 
incubation periods, at room temperature 


Activator 


Ca only 
mi\t A 
B 
C 


Incubation Period room temperature 


i mm 

1 J hr 

1 hr 

1 2 hr 

1 6 hr 

1 IS hr 

I 21 hr 

1 ld> 

1 7 ti> 





seconds 






x 68 

307 

3 M 

335 

1x8 

a -47 

13^ 

58 

195 

X07 

86 

40 

163 

17a- 

6x 

a -7 

no 

98 

45 

13 

7a- 

68 

36 

Si 

55 

55 

xS 

7 

x6 

xS 

10 

5 

13 

12, 

' 5 


Clot ban 

(37 C) 



less than a 13 second c t is especially significant With the weaker 
ever, the first of these two reasons must be invoked The similarity to 
data of figure 3 , in the secuon to follow, is noteworthy cnnone^l our 

M-ode of action of thrombo-plasttc enzyme We have already (p ii 4 ^) ^ 

theory that trypsin (experimentally) or tryptase (naturally) are 0^^ j.jjroinbo- 
to the basic mechanisms of prothrombin activation by calcium pnlj 

plastic phospholipid (cephalin) Tr)’-ptase, therefore, can be expecte pj-fsentS' 
in the presence of adequate amounts of the true activators In the goswer 

non of the thromboplastic enzyme theory,’® it was commented that ^^5 jc- 

must await the preparation of prothrombin entirely free from a 
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tivators This difficult goal is, obviously, not fully achieved by Seegers’ methods 
of purification Nevertheless, some highly significant facts emerge from a critical 
consideration of certain differences in behavior of individual prothrombin prepara- 
tions, particularly when the preparations act in the presence of thromboplastic 
enz}'me 

Limitations of thromboplastic action of trypsin The differences between the data of 
figure 3 and table 17 are especially interesting 

A Data for figure 3 were obtained on an old prothrombin preparation (PRO C) 
Thrombin ‘ percentages” (100 per cent = complete activation) were obtained 
from a thrombin dilution series, plotted as 1000 — c t (sec ) in the dotted line, 
and used to construct the activation curves” I-IV The 5 cc volume thrombic 
mixtures all contained 4 cc PRO €(03 per cent) + o 15 cc M/io CaCD, with 
the following additions (1) o 75 cc buffer only, (ll)o 1.3 cc buffer -b o 3 cc trypsin 
(40-unit/cc ), (III) o 5 cc buffer o 2.5 cc tpln A (o 2.5 per cent), (IV) o Z5 cc 
tpln -b o 5 cc trypsin Note the results (I) Ca (alone) produces slow activation 
complete in 50 hours, (II) Ca + tryp is not significantly better, (Ill)Ca + tpln is 
adequate but rather slow m the later stages, thus extending the complete activation 
to about 2^ hrs , (IV) Ca -b tpln -b tryp is significantly best and completes over 
90 per cent of the activation in less than i hour, although, here again, the penulti- 
mate stages are still rather slow and require up to 16 or 18 hours for 100 per cent 
completion 

Clot-l^sts nas follo\\cd for 4 da}s, only, in which time It was absent in I, incomplete in III, 
and complete Cm~ 48 hours) in II and IV Other tc'ts failed to shots any protease in PRO C (table 
18) 

B Table 17 also gives percentage’ data, computed from a thrombin dilution 
series It gives a very good idea of the progress of the activation, under various 
activator conditions Omitted from the table are (i) Control tests, with Ca -b tpln , 
which show the fibrinogen to be prothrombin- (and thrombin-) free, (z) Tests with 
PRO D and (a) buffer only and (b) + tpln only, which show only negligible 
traces of thrombin already present in the prothrombin solution (Weak as they 
were, these traces of clot resisted fibrinolysis for a week at 37 C ) 

Note the following results, in sharp contrast to those of PRO C (fig 3) (Ti) 
a stronger tpln + Ca gave complete (100 per cent) activation in f hr , while 
(T2), a weaker tpln + Ca needs 48 hrs This is reduced by 4-u of trypsin to only 
3 hrs , but (Tb) tryp -f Ca (without added tpln ) is nearly as good, except in the 
earlier stages, (T4) Ca, alone, is slower to start than Ca tpln (T2) but is com- 
plete in the same length of time (48 hrs ) (Te) Trypsin, alone, produces maximal 
activation in 6 hours, but this amounts to only zo per cent of the potential activity, 
and even this rapidly falls off in the next 24 hrs Loss of thrombic potency after 
maximal activation is also seen in T3 and Tb Clearly, the trypsin has prothrom- 
binolytic and thrombinolytic powers 

Clot-l^sts fails to ret cal ant trjptasc in the prothrombin (74) but there is ctidcntl} a trace in tpln 
^ (T«) The try ptic fibrinolt sis is rcadih detected (Tj, Tb, Tb) 
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The activation tests (with “tryptasc”) in tables 13 and 14 resemble those of table 
17, while the data in tabic 16 are suggestive of those in figure 3 The significant 
di/Ferences in enzyme (protease) effects incidentally noted in a large, but not always 
complete, set of studies on PRO ’S A, B, C, D, E, F, and G, arc collected in table 18 
Without entering into a detailed analysis of the data it can be concluded, with 
considerable probability', that the differences consist in the varying amount 
of (a) thromboplastic phospholipid factor, and (b) calcium (especially note T7 
table 7 versus To table 16) available” (i) immediately or (z) because of the ac 
tions of the proteoly'tic enzy^me, for the prothrombin-activation Lack of tryptasc 
is a simple explanation of the unduly long incubation period necessary' for Ca + 
tpln to activate highly purified prothrombins, if it can be assumed that tbeac- 



Fiq 3 Efpects op Tripsin ON TnROMnm Formatiok, prom Purified Prothrombin 


TAiNiNG Insuffiecent Trace OF Thromdoplaetin fref Ann N Y 
Experimental data gi\en in text Thrombin formation at succcssn 


N Y Acad Sci 486. , 

e incubation times (it) comps 


experimental data gi\en in text Thrombin formation at succcssn e incubation times j'- r“ 
from inverse clotting times (1000 — t (sec )) of thrombin (HI) dilution senes (dotted line) ' q 
lowing mixtures I PRO C 4- Ca. If PRO C -f Ca -f tr) p , HI PRO C + Ca + tpln A, IV PR 


-t- Ca -|- tpln A tr)p 15 C, pH 7 7 


celerator globulin (see Addendum) is adequate The data are all very clear in terms 
of the thermoboplastic enzyme theory ’ 

Suggested scheme for routine testing for trace impurities” in prothrombin 
The foregoing experimental analy'sis of the activation mechanisms suggests 
simple routine tests which should be made on all prothrombin preparations 
A o 5 per cent prothrombin solution in our borate buffer (see Reagents) is 
mended, with the addition of o 4 per cent (final concentration) 0/ trisodium c ^ 
(except in IV) Thrombic mixtures (T) 5 cc vol , containing t 5 cc PR 
per cent) + activators, as follows (v infra) Clotting-tests, at room tempera^ p ’ 
on o 5 cc prothrombin- and enzyme-free fibrinogen (eg o 5 or o z) 
the ‘‘half-strength” being recommended for protease tests, I) j u is tt 

I Test for protease (tryptase), by clot-lysis at 37 C Ti is activated f ° 
M/io CaCls for suitable periods (eg, i, 4, Z4, 48 hrs ), timing the 
room temperature) and then incubating (37 C) for fibrinolysis If a suita ^ 
free thromboplastin (e g , 1 1000 cephalin) is available, it would great 
the necessary incubation Owing to tryptase contaminants commer 
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plastin preparations are usually unsuitable The protease may be assayed in 
“fibrinolytic” units by our “method A”(p 1156)-^ using standard trypsin dilutions 
(i mgm — 100 units) and an enzyme-free thrombin (eg i per cent h g — see 
Reagenfs) to clot the fibrinogen 

By this test, significantly, all Seegers’ highly purified prothrombins, except 
PRO F, (table 18) are quite free from tryptase This is definitely not the case, 
however, with (a) partially purified prothrombins (G, A), nor (b) with most of 
the currently available thrombin preparations (table zo) 


Table 14 — Thromboplasltc Action of Flasma Trjptase 11 Human Flasma Fraction III-} (^Harvard') 

Effects of Trjpsin-lnhibitors 
A Frothrombtn activation data 

C t (sec ), at z4 C, pH = 77 Ct>oratc buff ) o 5 cc B F (o 5%) -f o 2.5 cc T 
T 5 cc vol , containing x cc PRO G (o 4%), o X5 cc M/io CaCl^, x cc III-3 (o 1%), o X5 
cc tpin B (o 75%), o 75 cc trypsin-inhibitor (from pancreas T I , o x%, from soybean, S B I , 
° where indicated 


T 

Activators 

Inhibitor 

i m 

Ihr 

ihr 

1 hr 

%, 1 hr 

1 dy 

7 dy 

Clot lysis 
(37C) 

seconds 

' (seconds) 

1 

I 

Ca + tpln 

0 

78 

4 

4 

4 

100 

4 

4 

X day 

X 

Ca oaly 

0 

X18 

167 

133 

87 

I 

13 

4 

i day 

J 

Ca -b III-3 

0 

77 

xo 

14 

10 

2-5 

8 

5 

7 hr 

4 

+ 

TI 

71 

61 

39 

2-5 

10 

9 

6 

4 flay 

5 

-b 

SBI 

75 


100 

108 

<I 

X50 

45 

0 (7 dy ) 

6 

Ca -b III-3 

0 

78 

— 


80 

I 

87 

— 

17 hr 


B Thrombin dilution ( percentage ) data 


C t (sec ), at x4 C o 5 cc B F (o 5%) -j- o 15 cc Tj (3 day old), diluuons stated 


Rel T cone % j 

100 

so 

25 

10 

5 

1 

0^ 

Clotung-timc, in seconds 

4 

8 

II ' 

1 

xz 

41 

84 

I 1x7 


n Test for thrombin Provided that the prothrombin is free from protease (or, 
possibly, by ensuring this by the addition (with controls) of a little trypsin- 
inhibitor), the addition to o 5 cc of the test fibrinogen of o Z5 cc of citrated PRO 
IS at least a qualitative test for the presence of even very minute traces of thrombin 
m Test for thromboflastic factor (? ccphalin, ?? lipoprotein) Test I gives some 
indication of the immediately available thromboplastic factor, but supplementing 
Tiwitho 5 cc ofzo-unit/cc (see Rc^gewii) before the clot-timing (To, o Z5 cc 

+ B F , o 5 cc , at room temperature) test scries will greatly speed up the activa- 
tion (to minutes or an hour or two, instead of days) if ‘available ’ thromboplastic 
factor IS present On the other hand, deficiency of this factor will be shown by the 
lack of difference between III and I (Ca-alone), control 
IV Test for available calcium This must be made in the absence of decalcifying” 
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anticoagulant “Spontaneous” activation and especially the acceleration of this by 
added thromboplastin (alone) is indicative of “available” calcium The most rapid 
and satisfactory test, however, is to use (Ti) a thrombic mixture containing PRO 


Table 15 — Lack of Aiitithromhic (jtcond-fhast') Effects of Crjstalhtit Soybean Trjpstii Inhibitor, mtb ssi 

u ithoiit Heparin 

C t (see ) for o 5 B F (o 5%) + 05 tlirombic mixtures (I-IV), consisting of 015 cc bg 
Co 5%) + o 115 cc , c-ich, of inhibitors noted Tests midc immcdntel) (15 sec ) and repeated after 
thrombic mixtures had stood at room temp (n C) for i hr 


Jlirturc 

1 

II 

1 

ni 

n' 

Inhibitor 

none 

SB I (0 5%) 

hep (100 unit) 

S B I + hep 

15 sec incub 

15" 

IS" 

37" 

1 

37' 

I hr incub 

15" 

i 

t 35" 

35' 


Table i6 — Effects of High Poteitet Plasma Tr^ptase on Aged Prothrombin Actuation and hihibititn 
(L) Crystalline Pancreatic Trypsm inhibitor') 

AcIf'Olion data Lxiits started 2-1 l—tT (cf tables 8 and 12) 

T Sec sol .containing 2 cc PRO 0(0-1'',) c/ro/cJ (0 4 '!,), and Actuators (0 25 cc ) and Inhibitors (Oi cc )a(etf 

Trjptasc (tnpt D) used m (final) dilutions noted binalconc (mg/cc T) of citrate =" 160 of toTS'D 
05 Thromboplastin (tpln A), 0 75%, Healvcned after 4 dij s in ice bov 


C t , min (m ) or sec ('), at room temp (22 ±2 C), for 0 25 cc T + OA cc B F (0 5%) 


1 

1 

Acti\ators 

1 





incubation Period 

room temperature 




Clot to 
(37 C) 

H 

h 

i m 

i hr 

} hr 

1 hr 

2 hr 

4 hr 

1 dy j 

2dy j 

4 d\ 

8 dy 

11 d\ 

17 dy 


1 

0 

0 

76m 

76m 

77m 

7Sm 

79m 

75m 

51m 

49m 

20m 

7m 

115' 

39'* 

0(10 

dsy) 

2 

trypt (1 500) 

0 

I 48m 

47m 

46m 

43m 

43m 

44m 

43m 

4Im 

18m 

5m 

90* 

35'* 

7 (by 

i 

3 

Ca onlj 

0 

204' 

1 

180' 

149' 

1 

125' 


1 

-18' 

25' 

1 

20' 

13' 

8' 

4' 

4' 1 

2} (by 
IJday 

4 

Ca -f trypt (1 500) 

0 

183' 

130' 

117' 

83' 


39' 

22' 

19' 

O'! 

5' 


74' 

50 mu 

5 

Ca + trypt (1 20) 

0 

198' 

403' 

360' 

34o' 


180' 

19' 

13' 

16' 

48' 

59 



1 

1 


1 



1 



19' 


7' 

7' 

7' 

5' 

3dsy 

6 

Ca + trypt (1 20) 

0 5 

1 184' 

150' 

! 135' 

111' 

74' 

1 54' 

27' 

26' 

11' 

' 4' 

4 day 

7 

Ca-h trypt (1 500) 

a 5 

180' 

142' 

145' 

121' 

101' 

86' 

36' 

30' 

25' 

13' 

4' 

4d4y 

8 

Ca only 

0 5 

188' 

177' 

159' 

142' 

126' 

112' 

43' 

35' 

28' 

20' 

















4' 

2} day 

9 

Ca tpln 

0 

100' 

14' 

7' 

5' 

4' 

4' 

4' 

4' 

4' 

4' 


s’ 

Ijday 

10 

Ca + tpln + trypt , 

0 

1 88' 

13' 

6' 

4' 

4' 

4' 

4' 

1 4' 

4' 

4' 





(1 500) 












- 

— 



• After 1 hr incub with Ca tpln ZJ, on 17th day, Ti and Ti were both brought to 4' c t value 


(see Ti), Without calcium, but wtfh o 15 cc thromboplastin (Ca-free) ttii 
xo-umt/ cc trypsin (Ca-free) ■ 

By the use of these (or similar) tests, we secured the tentative ata 
impurities” of the various prothrombin preparations noted in table i 

V Test for Accelerator Globulin (see Addendum) 


Proteolytic -phenomena tn relation to coagulation processes ^iics, 

I Fibrinolysis It is clearly proven by the data of these and j^nary 
that thrombin itself, or its prothrombin precursor, are devoid o or 
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lytic properties Fibrinolysis or clot-resolution occurs only when the clotting 
system is contaminated with some protease (e g , tryptase) of plasma or tissue 
(e g , crude thromboplastin) origin Tryptase impurity of the prothrombin itself 


Table 17 — Effects af Trjpstit on Activation of Prothrombin, in Presence of Various Activators 

Thrombin dilultoit series See table 3 


Percentage \alues of thrombin present, computed from clotung-time data, after stated in- 
cubauon penods, in tests on prothrombin-frec fibrinogen 

T 3 cc vol , conraining 4 cc PRO D (o 1%) and stated Acuvators, per cc P 


T 

Actu ators 


Incubation Period 

room temperature 




Ca 

(M/10) 

tpln C 
(0 1%) 

top 
(40 u) 

5 m 

15 m 

30 ra 

1 hr 

3 hr 

6 hr 

24 

hr 


48 hr 


CC 

mz 

1 it 

1 










I 

vr\ 

0 

0 

0 

H 

0 

40 

80 

; 100 

100 

1 100 

— 

— 

— 

— 

not tested 

X 

1 

0 

0 

0 

I 

5 

9 

XO 


35 

70 

80 

100 

6-7 day 

3 


0 

0 

4 

35 

4^ 

60 1 

75 


50 

3 

I 



3 flay 

1 

4 

■■ 

m 

B 

BB 

± 


+ 


4 

40 

80 

100 

0 (10 day) 

5 


0 

H 

6 

^5 

35 

60 


80 

4 

I 


3 tlay 

6 

0 

0 

■ 

— 

+ 

<i 

>i 

8 

D 

fl 


B 

3 “lay 


Table 18 Some Significant Differences tn Enxjme (Protease^ Activator Effects on Individual Prothrombtns 
Composition of thrombic mixtures and times required for complete activation (I-V) 


Data cited 
prev 

Agents, per 10 cc 

vol of Thrombic Mixture 

I 

n 

lU 

IV 

V 

Prothr 

Tpln 

Ca(M 

/lO) 

Protease (clot lysis)’ 

Calcium 

alone 

Ca + 
en 

ryme 

Ca + 
tpln 

Ca + 
tpln 
+ 
en 

zyme 


Trep (%) 
vol 

Type (%) 
vol 

\ol 

(a) added 

(b) in 

PRO Ca 


CC 

CC 

cc 

“ 




hr 

hr 

hr 


A(?)4 

A(0 1)0 5 

0 5 

tryp (40) 

±(6 day)’ 

48hr 

Ihr 

2 

— 

— 

Tab 4 

B(0 2)8 

A(0 1)0 5 


“ (40) 

0(10 day)’ 

4dy 

lihr 

2 

— 

— 

“ 8 

‘ “ 4 

— 

« 

“ (10) 

0(7 day)’ 

>7dy 

4dy 

— 

— 

— 

Fig 3 

C(0 3)8 

^(0 25)0 5 


‘ (40) 

0(4 day)* 

50hr 

48hr 

24 

16 

— 

Tab 17 

D(0 2)8 

C(0 1)0 5 

“ 

“ (40) 

0(10 day)’ 

48hr 

3hr 

48 

3 


Tab 9 

E(0 35)8 

A(0 25)0 5 

- 

“ (10) 

0(7 day)’ 

8dy 

2hr 

8 

— 

— 

‘ 7 

F(0 2)8 

A (0 25)0 5 

• 

(40) 

+ (4 daj)* 

>4dy 

Jhr 

1 

— 

i 

‘ 12 

G(0 4)4 

B(0 75)0 5 

‘ 

tr> ptase 

+ (2 day)* 

4dy 

(ihr) 

i 

4 

— 

— 

16 


‘ 


tr> ptase 

+(2idaj)’ 

lldy 

1 

Ud> 

2 

1 

— 


* Protease in prothrombin (rccalcified) tested b^ time required for complete clot Ijsis 
t Uncontrolled test, at 39 C 


IS ruled out m nearly all the highly purified products C'^able 18) studied, but is 
shown in those that are only partially purified (esp G, A) We are not yet fully 
able to account for the fact that the protease impurity always shows up best in 
recalctficd thrombic mixtures McDonald and Kunitz^^ j^^ve shown the importance 
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of calcium in the formation of trypsin from crystallized trypsinogen (pancreatic) 
but our experiments, to date, have not definitely proved whether this kind of action 
IS involved in the plasma tryptase system 

Clot-retractiou is evidently a preliminary stage of fibrinolysis m our in vitro tests, 
where it is not at all uncommon to observe a very weak protease cause retraction 
of the clot without complete fibrinolysis (c g , Tc, table ii) In ordinary blood 
clot retraction, platelets and other cellular elements'^'’ may very well contribute 
proteolytic cnzymc(s) We have found tryptase in platelets by means of the 
fibrinogenolytic test It is not improbable that colloidal syneresis, of the nature 

of elastic retraction due to micellar rearrangement, may also be involved in clot 
retraction, but a partial fibrinolysis could be an essential initiating force 

In a somewhat analogous manner, a colloidal phenomenon ( coaccnanon, Moraraacrts‘')i 
tenzed by interlacing of the elongated (filamentous) fibrinogen molecules and micelles, may be the fund* 


Table 15 — ProtljTombinol^sts by Plasma Tryptase 
PT = 10 cc PRO H (o 1%), eitrateel (o 4%) + o 613 cc Tr>ptasc-D i cc. samples of PT fc 
moved at age ated and actn ated (T) b) o 115 cc each of M/io CaQ;, tpln D, and borate bn cf 
C t (sec ), o 5 cc D F (o 5%) + o X5 cc T Temp 15 C, pH 77 


T 

j 

Age Pt 

j J m 

S m 

1 

20 m 

1 hr 

2 hr 

1 6 hr 

1 

Clot l>s>s* 



(seconds) 



I 

X 

3 

4 

mtrt 

i 1 

i 30 

60 

136 1 

X^X 

435 

6ij. 

6 

35 

71 - 

2-47 

4 

7 

XX 

^^3 

3i 1 
5i 

23 

77 

1 

3 i 

5 

10 

48 

3^ 

4 

6 

16 

ir-i 5 m (37C), ibr ( 15 C) 

> 

> _ 


Alternate tubes tested at the rcspccuac temperatures 


mental explanation of their aggregation to form fibrin, but, here again, a specific causativ^g 
sary, and this is the function of thrombin Thrombin is not proteolytic (v supra) bat c ^ 
enzyme papain (see p 1148), which can also produce true fibrin, also has fibrino yu'^ 

50 gvCD 

II Fibrtnogenolysts As we have previously shown, lysis of fibrinog ’ g 
better than fibrinolysis,-* -■* is an excellent quantitative 


^ r The 

trypsin-likc enzymes, with a sensitivity of the order of I 1,000,000 ipjcdfof 
which wc term ‘ method B” and “method A,” respectively, may be ^ 


the study of natural proteases related to the blood-clotting system, vv 
IS being further prosecuted in our laboratories •*' s do 0° 

It IS significant that small amounts of contaminating plasma pro c 
greatly interfere with the clotting-system In part this may be uc 
range of fibrinogen concentrations that give optimal clotting (tab c jjicnstr'**^ 

situations, however, such as the noncoagulability of cadaver a p|yti( 

blood, a simple explanation is forthcoming on the basis of the r* 

action of larger amounts of tryptase, with or without thrombic clotting 


* More recent cxpcrimcacs emphasize practical difficulties due to differences in 
curves (plotted against incubation time) 


the shape oi 


fthe 
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in Vrothromhtnolysts is the other factor to be considered in poorly clotting blood, 
plasma (e g after citrated storage), or exudates Prothrombinolysis may precede 
or accompany fibrinogenolysis A simple test with thrombin will quickly show up 
any fibrinogen present If this is negative, fibrinogen should be added,®®- but 
otherwise this is unnecessary, before going on to a test for prothrombin by the ad- 
dition of optimal amounts of calcium and thromboplastin (e g , the Qmcktest®®) 
We have long been aware of the prothrombinolytic action of trypsin,®® and 
Seegers and Loomis®® have recently noted this with tryptase (“fibrinolytic en- 
zyme”) Some evidence of prothrombinolysis is observed with the high-potency 
tryptase in the activation tests (Tb) of table 16, but the phenomenon is best seen 
on incubating prothrombin solution with tryptase and testing samples, at intervals, 
for activation with Ca 4 - tpln (table 19) The data of table 19 clearly show the 
progressive weakemng of the prothrombin by the added tryptase 


Table xo — Thrombtnol^tic Action of Htgh-Fotency Flasma Tryptase 


TL thrombm-lysis mixt , contaimag i cc thrombin (type specified — see Reagents), i cc trypt 
D, and buffer (to z 5 cc vol ) Incub (of TL) and clotting tests at room temp C t (sec ) o Z5 
TL -b o 5 B F (o Z5%) Tryptase used in i, 3, 5, buffer only (controls) in z, 4, 6 


TL 

Thr (str ) 

TL-incubation penod room temperature 

Clot-Iysis 

i ni 

1 hr 1 

2 hr 1 

4 hr 

8 hr 

1 dy 

2 dy 

4 dy 

seconds 

I 

Tu (1%) 

10 

10 

10 J 

12. 

13 

19 

40 

— 

6-10 min (zz C) 

z 


10 

10 

10 

10 

10 

10 

10 

II 

>7 day (zz C) 

3 

hg (1%) 

10 

Ic4 

II 

IZ 

13 

17 

36 

— 

6-10 min (zz C) 

4 


10 

10 

10 

10 

10 1 

10 

10 

II 

0 (7 fla}, 37 C) 

5 

Tpjg (100 U) 

6i 


6i 

7 

7 

9 

IX 

ZI 

5-10 rmn (zz C) 

6 


6i 

6i 


6i 


6i 


7 

<7 day (37 C) 


IV Thrombmolysts Trypsin (pancreatic) also causes thrombmolysis akin to the 
natural irreversible disappearance of thrombin in serum ®® We have noted, however, 
that this requires rather large amounts of trypsin Several recent workers,®® '*® 
claim that thrombmolysis is not produced by tryptase In the light of the trypsin 
data (e g , tables 4 T4, 7 Tb, Tg, T;, 9 T3, but cf 13, T4-with small amount of 
trypsin) we were rather surprised at these claims and at our similar negative tests, 
on a number of occasions (e g , table 14, T3) Very recently we have obtained 
some high-potcncy dog plasma tryptase (trypt D) (see Reagents) One of these 
preparations tested at 39 C (without control), in T4 of table 12., was highly sug- 
gestive, but convincing evidence of the thrombinolytic action, even at room tem- 
perature, was given by an even better tryptase preparation tested on half a dozen 
different thrombins, including Ti, T3, and Tg of table 16, and the commercial 
thrombins shown in table 2.0 The pierfect stability of the controls and the potency 
in clot-lysis (and in fibrinogenolysis) of the tryptase are brought out in the data 
One incidental finding was that thrombinol) sis could not be followed bej ond a 
certain point, because the tryptase, persisting in the lytic mixture, destro)ed the 
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fibrinogen in the clotting-test mixture more rapidly than the crsnvhile potent 
thrombin could clot it A definite shortening of the fibrinolytic times in the tests 
prior to this, 1 e , while the thrombin, though weakening, was still present, could 
be ascribed to the same cause Trypsin inhibitors (T I and S B I ) prevent the throm 
binolytic effect 

V Lysis of accelerator globulin (see Addendum) is another possibility 


SUMMARX' 

A number of high-potcncy purified prothrombin preparations,®* m 0 1-0 5 per 
cent solution in borate buffer (pH = 7 7), maintain for days or weeks a stable 
thrombin-forming abilit) , whether (a) with buffer alone, (b) with brain thrombo- 
plastin suspension, (c) with CaCl; Nevertheless, the) all contain a trace of throm 
bin and continue to activate spontaneously ’ at a very slow rate Optimal addition 
of Ca-salt somewhat accelerates this and usualU leads to maximal (complete) 
thrombin formation in z-ii days at room temperature Except in a few cases, 
where ionized Ca'*'+ is demonstrable, thromboplastin, alone, is without effect, but 
added with calcium, it completes the activation in a matter of minutes or hours 
depending principally upon the concentration used 
Experimental analysis of the activation process stresses the participation 0 (1) 
Ca-ions, (z) thromboplastic P-lipid factor (cephalin), (3) plasma and tissue tryp- 
tase (proteolytic enzyme) Each of these factors is studied in detail with reference 
to mode of action, optimal concentration, side-effects, and relation to inhibitors 
Inhibition of prothrombin activation may be considered under the fo owing 
heads (i) ‘ decalcifying' agents (c g , oxalates, citrates, etc ), which (a) cpress 
Ca-ionization and thus prevent thrombin formation, and (b), tutdcr spicia 
stances, reverse the process of activation, (z) "antithromboplastic (? 
agents, (e g , heparin, and probably soybean trypsin-inhibitor, to some 
(3) antitryptase” agents (e g , crystalline trypsin-inhibitors from 
soybean), which inhibit the thromboplastic enzyme (accessory factor; 

Ca++ slows of thrombin formation nnediar)'' 

The evidence suggests that thrombin formation proceeds via an mte 
calcium-prothrombin-cephalin (thromboplastic phosphatide) comp cx ^ 
pound The amounts of (a) thromboplastic P-lipid (cephalin or throm op 
and (b) Ca"'"*' determine both the rate of activation and the final pj-^jence 

However, the ultimate ("ripe”) thrombin owes none of its activity to 

of any calcium or phospholipid cnzi'®®) 

The three types of activator (Ca, thromboplastin, and thrombop^^*^^^^^^^^^ 
occur as trace impurities’ ’ in prothrombin preparations, but Seegers _ 
materials are tryptase-free Tryptase (and trypsin) arc ' thrombop a ^ 
the presence of adequate calcium and phospholipid factors, whic the 

be ‘ mobilized” from protein combination, including prothrombin n 
two basic activators are, in a sense, "catalyzed” in their protnr 

reactions , prothm*** 

The significance of proteolytic actions (fibrinolysis, fibrinogen y > 
binolysis, and sometimes thrombinolysis) by natural tryptase o p 



FERGUSON, TRAVIS AND GERHEIM 


1159 


origin IS investigated and discussed in relation to the broader aspects of the blood- 
coagulation problem 

Addendum 

Since this paper was submitted for publication, an entirely new aspect of the 
process of prothrombin activation has been opened up by the discovery of a 
new clotting factor, variously designated, but which may be referred to by the 
term accelerator globulin (Ware, Seegers et al ) Dr Seegers assures us that all the 
prothrombins here reported on contain an abundance of this factor (which is ex- 
tremely potent) Further, the strength of our prothrombin solutions and the 
experimental conditions noted make it improbable that the data herewith re- 
ported will be invalidated by increasing knowledge of the new factor One 
possible exception is the change in activation properties in some of the pro- 
thrombins discussed 
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THE EFFECT OF INTRA\^NOUS INJECTION OF TRYPSIN INHIBITOR 
ON THE COAGULATION OF BLOOD 

Bj H J Tagnon, M D , AND J P Soulier, M D 

T he trypsin inhibitor isolated from soya bean flour by Kunitz^ has been 
shown to have anticoagulant activity in vitro ^ ® The present communication 
deals with the eff'ects of the intravenous injection of this material into experi- 
mental animals The action on the clotting time, the prothrombin time, and the 
antitryptic activity of blood plasma and serum were studied 

Methods 

Trypstn inhibitor A crude preparation was obtained by the method described previously ’ Dialysis of the 
final preparauon for rwenty-four hours against saline in the ice-box was found to be necessary for the 
removal of a toxic factor present in the undialyzed material Without dialysis, small amounts (o 5-1 cc ) 
of the material regularly killed the 5-pound rabbits in a very short time (30 to 60 seconds) with cardiac 
standstill m diastole It is possible that the toxicity was due to the presence of potassium 10ns in the 
preparation 

The final preparation was spun at t5oo rpm for 15 minutes in order to remove all insoluble material, 
and the pH was adjusted to 7 4 by the addition of NaOH N/io Enough material was prepared in one 
batch so that all experiments except one (m which the crystalline inhibitor was used) were carried out 
with the same batch of material It was kept frozen at — 3o'’C and warmed up to 37°C shortly before the 
injection was given 

The preparation of inhibitor was assayed against crystallin trypsin (obtained from the Plant Re- 
search Laboratory, Bloomfield, N Y ) by the method of Anson ■* Twenty-five nulligrams of this trypsin 
preparauon produced o 1137 mg of tyrosin in 10 minutes at i5°C Theadd1t10n0f02.ee of the inhibitor 
preparation used in this work to this quannty of tyrpsm reduced the production of tryosin from o 1137 
mg to o 0108 mg 

A small quantity of crystallin trypsin inhibitor, recrystallizcd 3 times, obtained by the method of 
Kunitz' was used m one single experiment as indicated below 

Experimental animals 2. mongrel dogs and 3 rabbits received injections of the inhibitor preparauon One 
additional rabbit was injected with the crystallin material The animals were anesthenzed by the intra- 
'cnous injection of from 2.5 to 35 mg of nembutal per kg Injections were made into the jugular vein in 
the dogs and the car vein in the rabbits Blood samples were obtained by s)’Tingc and needle from the other 
jugular vein in the dogs and from the caroud arteries in the rabbits The blood samples were taken simul- 
taneously with and without anticoagulant A nuxture of i parts of potassium oxalate and 3 parts of 
ammonium oxalate in dry form was used as an anticoagulant Ten milhgrams of the nuxture was used 
for every 5 cc of blood The plasma was removed immediately by centrifuging 

The clotting time was studied on blood taken without anucoagulant by a modification'’ of the method 
of Lee and White ° 

The prothrombin time w as measured on the plasma by the method of Quick ’’ 

The presence of an anticoagulant in the samples showing a prolongation of the clotting time was 
tested as described previously ® 

In the experiments on rabbets the samples of plasma were tested for their antitryptic actiMt) before and 
after the injection of trypsin inhibitor preparauon One half cubic centimeter of oxalated plasma was 
mixed with one half cubic centimeter, of a solution of crxstallin trvpsin and the proteol} tic actnity of 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Serxices (Harsard), Boston 
Cit\ Hospital, and the Department of Medicine, Harxard Medical School, Boston, Massachusetts, and 
'he Sloan Kettering Institute of the Memorial Hospital for the ueatment of Cancer and Allied Diseases 
Hew \ork. New \ork 
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the mixture mcisurcd on a hemoglobin substrate bt incubation at ifC lor ^ hoar, according to th 
method of Anson ^ The cr) stallin tr\ psin as the same used for the assa) of the inhibitor 
III the e\pertmeiits on clogs the samples of blood serum were tested before and after the injection of ttypsi 
inhibitor for antiproteoKtic actisit) against the blood plasma enz) me As show nprctioush, the tTTpsiJ 
inhibitor from sojabean is also inhibitor towards the blood plasma enz) me = This was done b\ mcasnriDj 
the rate of dissolution of o i cc of fibrinogen solution b\ a chloroform plasma preparation (contamiD| 
the actne plasma proteol) tic cnz\ me) in the presence of each sample of serum, as described previoaslp 

Results 

Tables I and z show the overall results obtained in the experiments on two dogs 
and four rabbits 

I Effect on clotting tune There was an immediate prolongation of the clotting 
time following the injection of the so) a bean preparation in dogs as well as in 
rabbits This effect was transient, lasting from forty minutes to one hour, after 
the injection of respectively 8 cc per Kg and 5 cc per Kg into the z dogs, and from 
30 to 60 minutes in the 3 rabbits that were followed longer than one hour 


Table i — The Effect of the Iiitraieiioiis Injection of Trjpstii Inhibitor on Getting Time, Frotbrombm Tiire 

an cl Fibrinoljsis 


Dog m 

To [Win 

inhibitor 
(cc ) 

CloUing time nt 37 
Inlcrinls** 

» 1 

Prothrombin lime Intcnals** 

. i 

jTimeofljsiso/fibriDO^ 

•presence of senimfiomH^ 

j laten at 5 t ated intentls 



1 

2 

3 j 4 

s 

6 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

I 

85 

8 

55 

40 Z4 

1 

XX 1 

9 

7 

10 

j 

9 5 

9 5 

9 5 9 5 

3 

106 

138 

1 

13^1 

III 


16 Kg 















i 

1 



z 

80 

lo 

5 ^ 

13 



14 

162 


i 6 j 

l 6 i 


II 

180*1 


180 'j 

110 


10 Kg 



i 

1 

i 

i 




i 




1 i 



-- 

— 


*( 


‘ o I cc fibnnogen -p o i cc scrum + o 4 cc chloroform plasma preparauon ^fterinjcc 
I before injection, z from 5-10 rmnutes after injccuon, 3 from 10-30 minutes 
non, 4 from 30-40 min after injection, 5 from 46-60 min after injection, 6 from 60-50 


injection 


The injection of the small available quantity of crystallin inhibitor into r 
5^4 produced a small prolongation of the clotting time (table z, exp j^gs 

z Effect on pi othmnbtn time This was prolonged following the injection m 
and rabbits and remained prolonged for a longer period than the c 0 
(tables I and z) ^ ex- 

3 Effect on anttproteolytic activity of blood serum and blood plasma pjjsnia 
perimcnts on dogs a chloroform plasma preparation (containing the acti 
proteolytic enzyme) was mixed with scrum from blood obtained be for 

the intravenous injection of trypsin inhibitor, and the mixture for 

fibrinolytic activity on a solution of fibrinogen Tabic i shows fro® 

complete fibrinolysis of the clot increased sharply in the presence ^ 

blood obtained immediately after the injection of the inhibitor ('table 

fibrinolysis was still considerably prolonged at the end of the z expe 


i) Figure I presents the results of experiment i in graph form tryp5i“ 

In the 4 experiments on rabbits, the amount of tyrosin pro ucc 


IB 
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Table l — Tbe Ejfea of the Intravenous Injection of Tiypstn Inhibitor on Clotting Time Frotbrombm Time 

and Antitryptic Activity of Plasma 


Type of 
preparation 


Clotting time at Prothrombin tune, ‘^ua^.Tn 1 
37°C‘.mm sec trypsin ^r^ ^^^ylasma 


ya Dca 
prepar , i 
cc 

ya bca 
prepar, 3 
cc 

ya bca 
prepar , ^ 
cc 

ystallin 11 
bib , 45 m 
in q cc Si 


7 3 
5 cc 
i hour at 3; 
Solution 


9 9 PROTHROWerNTIME 

X XCLOTTING TIME 

0 0 LYSIS 


LV-INHlBITOR(£X?C) 


Fiq 1 The ErrEcr or Intra\inous Lnjectiov of Soia Bean Preparation on AN-xiPROTEOLTnc 
Actimta of Blood Serum, Clotting Time antj Prothrombin Tivn; 

the presence of samples of plasma showed a sharp decrease %\ith plasmas obtained 
^ftcr injection of the inhibitor (Stable z) There was a gradual disappicarance of th* 
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increased antitryptic effect of plasma and normal or near normal values were ob 
tamed between i and z hours after the injection Figure z shows the results of 
experiment ^4 (table z) in graph form 



^ The Effect of Intravenous Injection of Cryetallin Trypsin Inhibitor on Anti 
tryptic Activity of Blood Plasma, Clotting Time and Prothrombin Time 


Table 3 Protamine Titration of Plasma after Injection of Soja Bean Preparation 
Onc-tcnth cc of curated plasma obtained from blood shoiving a prolonged docting tinic 
mg the injection of soya bean preparation was added to varjing quantities of protanunc 
plasma was rccalcificd and the clotung time noted ■ 



In order to rule out the presence of heparin in blood showing a prolongc 
time following the intravenous injection of soya bean preparation, od 

titration was carried out on the plasma from such blood in the z exp 
dogs Table 3 gives a typical example of such a titration in dog 
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show that there was no significant shortening of the clotting time of the recalcified 
plasma by the addition of various quantities of protamin 

Discussion 

The data show that a soya bean preparation containing the trypsin inhibitor 
produced the following effects when injected intravenously into i dogs and 3 
rabbits it prolonged the clotting time of the blood, the prothrombin time of the 
blood plasma, and increased the antiproteolytic activity of the blood serum or 
plasma The same effects were obtained in one experiment on a rabbit, in which a 
highly purified, three times recrystallized trypsin inhibitor preparation from soya 
bean was used 

There was some parallelism among the effects of the injection on the clotting 
time, the prothrombin time and the antiproteolytic activity of the plasma This 
parallelism was most apparent in the experiments on rabbits because they were 
conducted for a longer time than those on dogs The coincidence of the three actions 
appears clearly in figure z 

The one single experiment carried out with the purified material gave results 
essentially similar with those obtained with the cruder material 

If one considers the fact that the trypsin inhibitor produced all these effects 
when added to blood tn vttro^, it seems that the data reported here might con- 
stitute evidence that the trypsin inhibitor prolonged the clotting time tn vtvo by 
the same mechanism by which it prolongs it tn vttro, and not indirectly by provok- 
ing the organism to release an anticoagulant in the blood stream This is further 
confirmed by the fact that the blood showing a prolonged clotting time following 
the injection of the trypsin inhibitor did not contain any heparin in the two ex- 
periments in which a protamin titration was carried out It is well known that the 
prolongation of the clotting time following the intravenous injection of peptone 
or of antigen in sensitized animals is due to the appearance of heparin in the blood 
of such animals 

Three different tyrpsin inhibitors so far have been reported as having anticlotting 
properties the trypsin inhibitor from pancreas,^® from blood serum/" and that 
from sova bean - These three substances differ chemically and their similar action 
on the blood coagulation mechanism parallels their similar action on trj'^psin 
It IS to be noted that the trypsin inhibitor from soya bean and from pancreas also 
inhibits the proteolytic enzyme of blood plasma“ The exact role of the plasma 
enz\me in blood coagulation is unknown a recent communication presents evi- 
dence that the enzyme has no clotting activity by the usual tests It is nevertheless 
interesting to note that these substances ^vhich inhibit the proteolytic action of 
the enzyme also are anticoagulant agents 

The practical use of the trypsin inhibitor from so) a bean for anticoagulant 
thenp\ must await further stud^ The material does not appear to be toxic and 
could conceivabl) be used, in purified form, for prolonging the clotting time tn 
tito when such action is desired However it is quite possible that the inhibitor is 
antigenic and this point should be clarified before an attempt at practical applica- 
tion is made 
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Summary 

I The intravenous injection of a soya bean preparation containing a trypsin 
inhibitor into 7 . dogs and 3 rabbits produced the following effects prolongation of 
the clotting time and of the prothrombin time, and increase in the antiproteolytic 
activity of the blood plasma or scrum 

2 . Identical results were obtained in one c\pcrimcnt in which a crystallin trypsin 
inhibitor from soya bean was used 

3 The significance of these results is briefly discussed 
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FIBRINOLYSIS ITS MECHANISM AND SIGNIFICANCE 
R G Macfarjoane, M D , and Rosemary Biggs, MB, Ph D 

Introduction 

T he biologic processes that produce a gross physical change have always 
attracted much interest The transformation of fluid blood to solid clot, for 
instance, has been the subject of experiment and discussion the amount of which 
seems disproportionate to its fundamental physiologic importance There is, how- 
ever, a converse to this process of coagulation which, though equally obvious 
in Its result, has been comparatively neglected, possibly because in its extreme form 
It occurs only rarely and with apparent irregularity This is the phenomenon of 
fibrinolysis or dissolution of blood clot that, though normally slow, may occur 
with great rapidity under certain conditions Though there has been relatively little 
work on this subject recent developments have made it possible to appreciate part 
of the mechamsm that underlies it, and to realize that factors are involved which 
are of basic importance It is apparent also that the process of fibrinolysis is linked 
with other subjects previously without obvious association, and this paper, though 
It cannot claim to be a complete review, is presented as an attempt to assemble rele- 
vant information, and to relate it to some observations of our own 

Definition 

For the purpose of this communication fibrinolysis is taken to mean the aseptic 
dissolution of fibrin brought about by the direct action of a mechanism existing 
in normal blood Usually dissolution may take days or weeks to complete, but 
may be so accelerated as a result of natural changes occurring in the living subject 
or of experimental procedures as to occur within a few hours or minutes This 
increased activity is the main subject dealt with, and though a particular set of 
factors have been studied as being apparently those mainly responsible, it is recog- 
nized that others may be involved 

The Recognition of Fibrinolysis 

It is an ancient observation that circumstances may modify the permanence or 
stability of blood clots Zimmermann (1846) found that ox fibrin suspended in 
salt solution remained intact for up to 10 days, while fibrin from human blood ob- 
tained by wet cupping dissolved in ix-iq hours He refers to earlier observations 
of a similar nature by Denis (1838) Green (1887) also studied the disappearance 
of fibrin in saline, which occurred without obvious bacterial action, and found 
that once it had disintegrated fibrin could not be made to clot again by adding 
thrombin Similar obseramtions on the blood of dogs subjected to hemorrhage uere 
made by Dastre (1893, 1894 a b, 1S95), who, apparently the first to use the term 
fihrinohsis, came to the conclusion that fibrin is digested and not dissoKcd, 
though he did not favor the idea of a lytic enz\ me in blood Rulot (1904) belie\ed 

From the RidchfTc Inlirmar\, Oxford, England 
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that leukocytes were concerned in the digestion, since an increase in their concen- 
tration hastened the reaction In 1905, Nolf began a series of experiments in which 
he induced fibrinolytic activity in dogs by various procedures, including hepatec- 
tomy and peptone shock He regarded this work as demonstrating the participation 
of a proteolytic enzyme in the process of blood coagulation to which he believed 
fibrinolysis was a logical, if unusual, sequel Morawitz (1906) studied the familiar 
phenomenon of the fluidit} of the blood in cases of sudden death He observed that 
blood from such cases contained itself no fibrinogen, and was capable of destroying 
the fibrinogen and fibrin of normal blood Hirose (1934) supported Nolf in regard- 
ing the lysis of fibrin as the result of coagulation and also considered that it was 
the cause of clot retraction 

In 1937, Yudin stimulated a considerable new interest in fibrinolysis by its prac- 
tical, if rather macabre, application to a blood transfusion service in Russia It was 
the practice to use the blood from fresh corpses, and for obvious reasons the most 
suitable donors were the victims of accidental or sudden death rather than those 
who had died from a long drawn-out disease This selection of subjects prove to 
have another advantage, for in these cases of sudden death the blood removed tom 
the body, though it clotted in the usual way, reliquified within a few hours an 
could be used for transfusion without anticoagulant Since it appeared thats oc 
might be a relevant factor in Yudin’s subjects, Macfarlane (1937) investigate t c 
occurrence of fibrinolysis in living patients who had undergone surgical 
There was an occasional instance of rapid lysis of whole clotted blood, but t is^^^ 
a rare and apparently capricious occurrence It was found, however, that 
prepared from diluted plasma disappeared rapidly in a high proportion 0 
operation cases, though similar preparations made before operauon 
for weeks, an observation that was soon confirmed by Imperati (19377 
Kaulla (1947) Mole (1943) and Wexler and Ellis (1944) confirmed the 
of fibrinolytic activity in the blood of cases of sudden death Though mit 
Smith (1945) and Wilson and Munnell (1946) have reported that bloo ta 
ing menstruation shows fibnnolyuc activity, which also occurs, accor 
latter workers, in hypertension and eclampsia, the technic used makes it 
to assess the significance of these observations Tagnon, Levenson, 

Taylor (1946) have observed fibrinolysis in human cases of severe bums 
case of fatal narcotic poisoning, and have been able to indude simil^ ^Ham tb®^ 
the blood of dogs by severe hemorrhage They quote an observation y 
fibrinolysis sometimes follows the intravenous administration of typ 0 
in human beings 

The Mechanism of Fibrinolysis ^ 

From these scattered observations it is clear that rapid dissolution jo an 

following a variety of disturbances to the living organism which tJiat 

acceleration of the normal, slower process, or to some other agency j^orawit^ 
lysed fibrin is irreversibly altered, coupled with the observations o 
(1906) and Mole (1943) makes it probable that fibrinolysis is gt:col} 

teolytic digestion, and it would be logical to trace the recognition o a p 
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enzyme in normil blood Since fibrin in sterile whole blood usually remains intact 
for some days or weeks it follows that such an enzyme, if it exists, must be under 
normal conditions relatively inert, though capable of activation 

Activation bx Chloroform 

In 1S89 Dcn^s and Marbaix found that a thermo-labile proteolytic agent de- 
veloped in serum after the addition of chloroform, ether or thymol, apparently the 
first observation of a phenomenon since much studied Delezene and Pozerski (1903) 
investigated this reaction further, showing that scrum after admixture with chloro- 
form developed the power of digesting gelatin and casein, an activity that was 
inhibited by the addition of untreated serum They came to the conclusion that a 
proteolytic enzyme present in the serum was normally inhibited by some other sub- 
stance which was removed or destroyed by chloroform, a suggestion that could 
be related to previous observations by Hildebrandt (1893) Hahn (1897) that 
normal serum is capable of inhibiting proteolysis by trypsin 

Jobhng and Peterson (1914) came to the conclusion that the antitrypsin of plasma 
was soluble in lipoid solvents, a view which has recently been revived by Ungar 
(1945) Dale and Walpole (1916) and Yamakawa (1918) confirmed the destruction 
of the inhibitor by chloroform, and Opie, Barker and Dochez (1911) found that the 
administration of chloroform by stomach tube to dogs resulted in protein digestion 
occurring in serum samples, and apparent destruction of fibrinogen Nolf (1911 
a b, 19x1) found that proteolytic activity accompanied by fibrinolysis could be 
generated in mammalia and bird plasma by the action of chloroform The action 
has been extensively investigated by Tagnon (i94x) and Tagnon, Davidson and 
Taylor (1941), mainly from the point of view of its relation to blood coagulation 
They found that the globulin fraction from chloroform serum was strongly fibrino- 
lytic, and might destroy fibrinogen before clotting could occur 

Fractionation or Plasma 

The fact that separation of the plasma proteins may result in proteolytic activity 
has also long been recogmzed Hedin (1904b) fractionated ox serum by ammonium 
sulphate precipitation, and found that the globulin contained a proteolytic enzyme 
that was inhibited by a thermo-labilc factor associated with the albumen fraction 
Opie and Barker (1907) confirmed these findings, and observed the similarity be- 
tween the globulin enzyme and leuko-protease More recently Feissly (1942-) and 
Macfarlane and Pilling (1946a) have studied the fibrinolytic activity of globulin 
fractions separated by acid precipitation Taylor et al (1945), who have studied 
plasma fractions provided by Professor Cohn and Dr Edsall, have observed spon- 
taneous proteolytic activity associated with fractions i and iii-x It is probable 
that fractionation separates an cnzymc-inhibitor complex, analogous to the dis- 
sociable tyrpsin-antitrypsin compound studied by Hussey and Northrop (19x3) 
The relationship in the latter case obeys the mass-action laws, and dissociation may 
occur following simple dilution of the complex, a fact which is also relevant to the 
plasma enzyme and its inhibitor 

Separation of the enzyme and inhibitor has also been accomplished by the use 
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th.r-.tntTr I ''r k' 

conciulnn’ rl " H ' ■''"'aincd .n tlic supernatant fluid He came to it 
1 ' inno )sis was due to the adsorption of the enzyme together witt 

in ^ f' Schra (i 941) have also utilized trichloracetic and 

estimation o cnz\matic activit) of plasma in a variety of conditions 

fk ^ "’•til blood from cases of sudden death, found that the rapid 

no } SIS as uc to the action of an enz} me precipi table by trichloracetic acid 

m enz) me resembled tr) psin in some rcsp>ccts, but was shown to be significantly 
dilFcrent in others 

Separation of the enz) me has also been accomplished by adsorption onto fibnn 
ar 'cr C190S) studied the proteolytic enzyme associated with fibrin, and Rosen 

^ 93^1 1937) has used lysed fibrin as the source of an enzyme preparation 

e as studied extensively, finding it apparently identical with the agent pres 
u fraction and active at pH 7 3-7 S Macfarlane and Pilling 

11947b; have also utilized the adsorption of the enzyme by fibrin The globulin 
action o plasma is added to a solution of fibrinogen subsequently dotted by 
rom in The resulting clot is removed, washed free of protein, and allowed to 
vvhen the enzy'me is released into solution 
o owing fractionation by electrophoresis most of the enzy'me is found m 
fraction iii= ^ (Cohn et al 1944, Edsall, 1947) 

Activation di Streptokinase 

The procedures described above have produced activation of the plasma enzyme 
y estruction of its inhibitor, or by separation of the enzy'me-inhibitor comph^^ 
Recently, observations have been made that provide an important link between 
hbrioolysis occurring as a result of these manipulations or of natural causes m 
the living subject, and fibrinolysis produced by the culture filtrate of certain strains 
of p-haemolytic streptococci In 1933, Tillett and Garner had shown that human 
p asma if allowed to clot in the presence of such filtrates, underwent very rapid 
rino ysis The plasma of patients who had recovered from streptococcal m 
fections and rabbit plasma resisted this lysis They found, however, that if rabbit 
clotted by human thrombin it became susceptible to lysis by the strepto- 
cocca Milstone (1941) showed that pure fibrinogen, even if derived rom 

human blood, yielded fibrin which was resistant to the action of strcptococca 
trate but that if a small amount of the globulin fraction from human plasma 
were added lysis occurred as with whole plasma He also found that the addition 0 
such globulin to rabbit plasma resulted in lysis of this fibrin by the fil^^t^ 
therefore postulated a lytic factor present in the globulin of human blood whic 
was necessary to sensitize fibrin to the action of the bacterial enzyme In r^’ 
Kaplan came to the conclusion that Milstone’s lytic factor ’ and the proteolyt* 
actor activated by chloroform were identical This suggestion was confirm^ 
extended by Ctestensen (1945) and Christensen and MacLeod (1945) . 

wor ers s owe that the enzyme liberated in plasma or serum by the acr^o° 

^ same as that which appears following the addition of strep 

coccal filtrate The enzyme is proteolytic, being capable of digesting fibrin, fibnao* 



R G MacFARLANE and R DIGGS 


II7I 


gen, casein and gelatin and, though it resembles trypsin, is distinct from it It is 
inhibited by the so-called trjpsin inhibitor of plasma and by the pancreatic anti- 
trypsin of Kunitz and Northrop (1936) The enzyme is present as an inert precursor 
associated with the globulin fraction of the plasma and its inhibitor is associated 
with the albumen They postulated that streptococcal filtrate contains a kinase 
capable of activating the precursor so that the inhibitor is overwhelmed Kaplan 
(1946) confirmed the distinction between the plasma enzyme and trypsin by show- 
ing that the streptococcal kinase did not activate trypsinogen nor did entero-kinase 
activate the plasma enzyme Macfarlane and Pilling (1946a) in observations in 
which plasma and plasma fractions were treated with streptococcal filtrate and 
chloroform, came to the conclusion that plasma normally contains not only the 
enZ)Tne precursor and its inhibitor, but free enzyme They showed that simple dilu- 
tion of whole plasma will, if there is an increase in free enzyme, result in the de- 
velopment of activity, resulting from dissociation of the enzyme-inhibitor com- 
plex 


Terminology 

In the course of previous work on the proteolytic factor of serum during the past 
40 years, different terms have been applied to what is almost certainly the same 
substance This has led to confusion and it is desirable that a unified terminology 
should now be adopted Such names as serum trypsin, serum protease, serum tryp- 
tase, fibrinolysin, thrombolysin and others should be abandoned in favor of a more 
specific designation The nomenclature proposed by Christensen and MacLeod 
C1945) seems to fulfil the necessary requirements In this the proteolytic enzyme of 
the plasma is called plasmin" a choice for which good reasons arc given The 
precursor of plasmin is termed plasminogen, ” and the streptococcal filtrate factor 
previously called ‘ fibrinolysin’ now becomes "streptokinase ’’ The antibody 
developed by patients recovering from streptococcal infection, which is capable of 
neutralizing streptokinase, is called antistrcptokinasc " The inhibitor of pro- 
teolytic enzymes present in normal plasma might be called anti plasmin" for the 
sake of uniformity, though such a name implies a sense of restriction with regard 
to Its activities which is undesirable An alternative nomenclature proposed by 
Loomis, George and Ryder (1947) in which the term ‘ fibrinolysin" is applied to 
the plasma enzyme, seems to us to be fraught with danger of confusion since this 
term has, m the past, been applied to the streptococcal factor 

The Properties of Plasmin 

The identity of plasmin with the enzyme activated by chloroform apparently is 
established (Christensen and MacLeod 1945) The enzyme studied by Mole (1943) 
in cases of sudden death, and that occurring in the plasma of patients after opera- 
tion or other disturbance (Macfarlane and Pilling, 1947b) are so similar to plasmin 
with regard to their physical properties and activity that it may be assumed, as a 
working hypothesis, that fibrinolysis, whether induced by streptokinase, chloro- 
form, fractionation, or disturbances in the living subject, is due to active plasmin 

It has already been shown that plasmin is capable of lysing fibrin, and of digest- 
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ing fibrinogen, gelatin and casein With regard to fibrinolysis, though preformed 
fibrin ma\ be sloNsly digested activit) is greatly increased if the enzyme is present 
during tlic process of coagulation, probabl) because of the strong adsorption of 
pJasinin b> fibrin during clotting Though plasmin is capable of digesting other 
proteins. Its fibrinolytic action is more rapid in proportion to such digestion than 
IS the ease with trjpsin and other protcol)tic cn/jmes Fibrinolysis, therefore, 
IS a delicate indicator of plasmin activit} which has been used by Macfarlanc and 
Pilling 094 ^^) quantitatn e estimations This method allows, however, of only 
an arbitrary expression of activity, which, in this case has been in terms of the 
greatest dilution of the enzjme that w'lll produce lysis within 14 hours 3137^ 
of the clot formed by a o 075 per cent solution of pure fibrinogen 

Other methods of determination of activity used by previous workers include 
estimation of the increase in nonprotcin nitrogen following incubation of thecn 
zyme with a particular substrate, wdiich, in some cases has been merely whole 
scrum, in others casein, gelatin or hemoglobin Viscometnc determinations have 
been made with casein and gelatin, but we ourselves have found this technic no 
reliable, even under rigidly controlled conditions Estimation of acid soluble 
tyrosine by the method of Anson and Mirsky C1937) has given satisfactory results 
We have found, by this method, that plasmin is capable of digesting all thepro" 
ceins of normal plasma, a fact which may have some significance m the physiologic 
effects of Its activity 

The pH of optimum activity of plasmin is about 7 4, and of maximum heat stabil 
ity between 7 and 7 4 The enzyme is destroyed at this pH by heating to 53 
twenty minutes It is nondiffusable through cellophane and behaves, with regaf 
to precipitation, like the globulin of plasma It is precipitated by half saturatio 
with ammonium sulphate, full saturation with sodium sulphate or by bring* f 
the pH to 5 5 after dialysing the plasma free from electrolytes It is precip**^ 
by trichloracetic acid, and by acetone and alcohol with moderate loss of activ )> 
and It IS strongly adsorbed by fibrin 

Inhibition of Plasmin 

Antiplasmin, the natural inhibitor of plasmin, is associated with the 
fraction of the plasma It is said not to be precipitated by trichloracetic ao 
Duthie (1547) does not agree with this statement The inhibitor is non * 
through cellophane and heat labile, being destroyed by heating to 66 C Itis t^P 
inactivated at pH values below 5 o, but is stable in the alkaline ranges ^ ^ 
stroyed by chloroform, ether, alcohol and acetone (Duthie 1947) ^ 

creatic antitrypsin and trypsin, the plasmin-antiplasmin complex ap^a*^ 
dissociable by simple dilution unless there is a considerable excess 0 *** 
(Macfarlanc and Pilling 1946a), and simple fractionation of the 
bumin and globulin is also apparently capable of splitting the complex ^ 
ity of the inhibitor must be considered in any study of fibrinolysis, since t 
librium It maintains with plasmin may be disturbed by changes m either 
We have attempted to estimate antiplasmin activity by means of the m 
effect of the albumin fraction to be studied on the digestion of fibrinogen an 
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by purified plasmin Plasmin is also inhibited by the crystalline antitrypsin of 
Kunitz and Northrop (1936) by heparin and by the soya bean trypsin inhibitor 
of Kunitz (1946), the latter being most effective Grob (1943) has reviewed the 
literature on the antiproteolytic factor of serum 

Other Enztmes Possidlt Related to Plasmin 

The characterization of plasmin has not, at present, been sufficiently specific to 
determine whether or not certain other enzymes, which have been described in 
body flmds and tissues, are identical Since it is possible that these enzymes may 
enter the blood stream or, like plasmin, become activated from inert precursors, 
they may be briefly considered 

Hedin (1904a) identified two proteases in spleen tissue, one acting at a slightly 
alkaline pH and inhibited by serum, as was the “leucoprotease” of Opie and Barker 
(1907) There has been a large number of publications by Abderhalden (19x1, 
1940 etc ) and his associates dealing with the presence of various proteolytic 
enzymes in the blood and tissues which they believe to be specific for abnormal 
tissues Patients with carcinoma, for instance, produce enzymes specifically digest- 
ing carcinomatous tissue, and in pregnancy there is an enzyme capable of lysing 
placental tissue It is probable that part, at least, of these findings depend on the 
activation or inhibition of plasmin, but the whole subject of the Abderhalden 
reactions is too voluminous to be dealt with adequately here Grassmann and 
Heyde (1930) have described peptidases in animal serum or plasma active between 
pH 7 and 8 that split leucylglycyl glycine which are increased in various pathologic 
states Rosenmann (1936) has extracted a fibrinolytic enzyme from liver, kidney, 

pancreas and thyroid tissue closely resembling his thrombolysin ” Masch- 
mann Ci94x) has found that rats with sarcoma may have a higher level of blood 
peptidase than is normal Huggins, Vail and Davies (1943) have studied fibrinoly- 
sis in menstrual fluid finding considerable activity which is also present in ex- 
tracts of endometrium, prostate and thyroid tissue Zamechick, Stephenson and 
Cope (1945) have found that lymph from the extremities of dogs contains an amino- 
exopeptidase which is increased in amount if the limb is traumatised or burned 
They have also found that blister flmd from burns in human cases contains the 
same enzyme, but Macfarlane (1943) failed to find fibrinolytic activity in blister 
flmd Beloff and Peters (1945) have investigated a protease extracted from human 
skin active at pH 6-8 This enzyme is not trypsin and does not split leucylglycyl 
glycine, and following burning its concentration in the affected skin is decreased 
Beloff (1946) has studied an inhibitor of this enzyme present in the albumen frac- 
tion of normal plasma, but considers that this is distinct from antitrypsin It is not 
clear, however, that this conclusion is justified Fruton (1946) who has made an 
extensive study of the tissue enzymes has found two leucine aminopeptidascs in 
lung, 

serum and skin extracts 

Macfarlane and Pilling (1947b) have examined human tissues for the presence 
of fibrinolytic activity The tissues were perfused, if practical, with running water 
until the vessels were blood free, minced, extracted with saline and the enzyme 
precipitated with ammonium sulphate or acid The precipitates were dissolved 
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and tested for fibrinolytic activity This varied from one sort of tissue to another, 
and from case to case, but, in general, it was found that lung extract had the great 
est activity being, in many cases, relatively greater than the blood plasmin activity 
of the same subject This lung enzyme resembled plasmin both as regards its phys 
ical properties and its reaction with the inhibitors, but its action on pure substrates 
has not been investigated Fibrinolytic activity was also observed in extracts of 
kidney, suprarenal and thyroid but in a lesser degree, and it was found that in all 
tissues the highest yields occurred in cases of sudden death when the blood plasmin 
level was also increased (fig i) 

The inhibitory power of the albumin fraction of organ extracts have also been 
estimated (fig z) It has been constantly found that spleen extract has a potent 
inhibitory effect on plasmin and lung extract resembling that of antiplasmin This 
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Fig I Histogram shoving the mean phsmin nctnit) of extracts from % anous ussues and o g 

(a) from cases of sudden death (solid columns) nincCse' 

(b) cases of slow death (hatched columns) The unit of actn ity is based on the ticreo t e ^ 
text) 

finding IS of interest in view of the work of Ungar (1945) which the 1 ) 
of Splenic extracts raised the anti tryptic power of the serum 

It has been observed that there is a fibrinolytic enzyme in norma ^^,^5 
farlane and Pilling 1947a) This enzyme again resembles plasmin in ^vith 

Though the concentration of this enzyme in the urine is not closely corf 
the plasmin level of the blood, and though it differs slightly from p j0facr, 
heat stable and more affected by trypsin inhibitors, it is possible t at^^ 
plasmin in the process of elimination Other enzymes and 

described in urine, the literature being reviewed by Farnswort , 

(1946) 

The Activation of Plasmin in Vivo dcscril’^ 

Though normal plasma may be activated in vitro by the 
previously, m its natural state it possesses no demonstrable pt 
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though this may develop following a variety of circumstances disturbing to the 
living subject The train of events connecting these stimuli with the fibrinolytic 
mechanism is obscure, but since the nature of the latter is becoming clearer a more 
systematic investigation of the process has become possible, since it is probable, 
though not definitely established, that fibrinolytic activity in vivo is due to plas- 
min 

In his early experiments, Nolf (1905, 1908) was able to produce fibrinolysis 
following peptone shock in dogs in which the liver had been isolated from the 
circulation, thus demonstrating that this organ is not a necessary link in the chain 
of events leading to activation Loeper et al (1932.) found that after ligature of 
the renal arteries in dogs there was a loss of protein and a rise in nonprotein nitro- 



Fig i Histogram showing the mean antiplasmin activity of extracts of various tissues and organs 

(a) from cases of sudden death (solid columns) 

(b) cases of slow death (batched columns) The units refer to a dried albumin standard, and do not 
compare to the units in Figure 1 . 

gen in scrum during incubation Hougardy (1934) has made the significant observa- 
tion that removal of the pancreas does not reduce the proteolytic activity of the 
serum when treated with chloroform 

Since It seemed that the condition of traumatic shock had existed in all cases 
in which fibrinolysis had been demonstrated and might be the prime mover of the 
process, Macfarlane (193?) investigated the blood of patients undergoing surgical 
operation The tcchmc employed used diluted citrated plasma clotted by calcium 
chloride, it being found that in normal blood samples the fine fibrin web so formed 
Was stable under aseptic conditions for a period of weeks In about 70 per cent of 
the patients, after operation these fibrin webs disappeared in twenty-four hours 
or less, though control samples taken the day before from the same patients showed 
no undue instability The nature of the cases showing such fibrinolysis gave licclc 
information as to the factors responsible for this change There was no close corrcla- 
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non between fibrinolysis and the traumatic shock experienced by the patient sma 
quite minor operations might be accompanied by relatively intense activity 
whereas major surgical procedures might give negative results Similar results 
were obtained by the same technic by Imperati (1937), though the rather lower 
incidence of 50 per cent of fibrinolysis following operation was recorded He, too, 
obsen^ed the lack of correlation between the seventy of the operation and the 
degree of fibrinolytic activity From these in\ estigations it appeared that fibnnol) 
SIS IS dependent on some factor commonly associated with the procedure of surgical 
operation, though not obviously connected with shock or trauma, but the design 
of the original experiment was not suflicientl) controlled to allow of its idcntifica 
non by analysis of its results 

A further experiment was therefore carried out (Macfarlane and Biggs 1946) 


in which serial blood samples were obtained from each patient to control theeffen 
of premedication, and the anaesthetic, as well as the operation itself It was found 
that a high proportion of positive results were obtained before the operation, and 
even before the anesthetic or premedication, which could not be explained by the 
pathologic condition from which the patients were suffering, since trivial condi 
tions involving no constitutional disturbance were included The one common fac- 
tor seemed to be preoperation anxiety, a conclusion which was home out by the 


independent observations of Lattncr 094?) '^ho had found fibrinolytic activii) 
in cases of anxiety states, and hyperthyroidism in a normal person during an air 
raid Kaulla (1947) found that fibrinolysis occurred after the injection of novocain 
or even a large volume of saline, and though he believed that disphceacot 0 
tissue fluid was the activating agent in this latter experiment, the effect of anxiety 
cannot be excluded In addition to the operation cases it was found that positive 
fibrinolysis occurred in a variety of pathologic states in which hypcrsensitiviq 
appeared to be the common factor, but in view of the probable effect of anxict), 


such findings are not easy to assess , 

The next observations (Biggs, Macfarlane and Pilling 1947) concerne t 
covery that severe exercise induced fibrinolytic activity in normal su 
was proportional to the amount of exercise taken, and to the degree 0 
It induced, the latter being influenced by training The occurrence 0 
both in exercise and in anxiety suggested, of course, that adrenalin acti ^ 

be an important underlying factor, and experiment established t at 
brinolytic activity could be induced in normal subjects by the injection 
aim The findings resembled closely those provided by exercise, tJi 

fibrinolytic activity appeared in the circulating blood within a 
onset of the stimulus, and disappeared within a few minutes 0 its 
in both there was a change in the blood picture consisting of an a am 

rise in lymphocytes, with a slower rise in polymorphonuc siot* 

platelets These results provided an explanation of previous ^ 
m all cases in which fibrinolytic activity has been recorded it is pat' 

activity will have been stimulated It must be determined, o co^^ fatter, 1 "" 
adrenalin plays in the reaction We have made qo protcol)'"'^ 

they are far from complete at present Adrenalin itself pro u 
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activity of plasma in vitro It is clear, therefore, that it requires the cooperation 
of one or more factors which exist in the body, but not in the shed blood The 
obvious possibility that the rise in leukocytes or platelets were directly responsible 
for the increase in fibrinolytic activity has been disproved by the finding that addi- 
tion, separately or in combination, of fresh lymphocytes, polymorphonuclears 
or platelets to normal plasma is not followed by fibrinolysis, nor does the incuba- 
tion of adrenalin with these elements result in any activating factor being pro- 
duced The plasma from subjects who have developed fibrinolytic activity retains 
this activity after centrifuging at zo.ooo rpm to remove all its formed elements 
Moreover, in patients with marked polymorphonuclear leukocytosis, lymphocy- 
tosis, or thrombocytosis, no spontaneous fibrinolytic activity has been observed 

The injection of adrenalin in certain pathologic states has given some informa- 
tion, if largely negative, regarding the other factors concerned A normal fi- 
brinolytic response has been obtained in two cases of Addison’s disease in which 
subsequent postmortem examination has demonstrated almost complete destruc- 
tion of the suprarenal cortex, and one case of aplastic anemia, in three cases of 
splenectomy (performed for traumatic rupture) and in three cases of hemophilia 
The only patients with a constantly diminished response to adrenalin are those in 
whom the lymph glands have been affected by Hodgkin’s disease or x-ray irradia- 
tion From these results, and those previously mentioned, therefore, it appears that 
given the stimulus of adrenalin, fibrinolysis is independent of the normal function 
of the suprarenal cortex, spleen, pancreas, or liver, but it is possible that lymphoid 
tissue may be involved 

The demonstrable changes that occur in the components of the proteolytic sys- 
tem of plasma concurrently with spontaneous activation consist of an increase of 
plasmin that suggest activation of plasminogen This rise may be sufficient in 
extreme cases to produce fibrinolysis in the whole blood, but usually it is necessary 
to dilute the plasma to demonstrate the increased activity A more puzzling finding 
IS the apparent diminution in the inhibitor that also occurs in spontaneous activa- 
tion Figure 3 illustrates the reduction of the inhibitory effect of the albumen frac- 
tion of normal plasma, as compared with plasma from the same subject following 
activation by adrenahn. It appears, therefore, that the process of activation in 
VIVO is more complex than the mere secretion into the blood stream of a kinase 
capable of activating plasminogen Such a kinase, however, is probably concerned, 
and It IS of interest that Astrup and Permin (1947) claim to have observed its 
presence in fresh tissues, though it is not clear that they have eliminated the active 
enzyme already present in such preparations 

The Significance of Fibrinolysis 

The balance between proteolysis and its inhibition may control manj- of the 
vital processes in which blood constituents are involved The most obvious of these 
are the proteolysis of pathologic fibrin deposits and the destruction of plasma pro- 
teins following the activation of plasmin In the more complicated mechanism of 
blood coagulation, both proteolytic and inhibitory factors can alter the speed of 
clotting and some naturally occurring anomalies may be related to changes in the 
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plasmin-antiplasmm complex A normal balance of proteol)tic and inhibirorr 
substances in the blood may also be necessary for the d) namic equilibrium benveen 
blood and tissue proteins which probabi) forms the background of protein metab- 
olism, and the negative nitrogen balance which follows alarming stimuh such as 
trauma, burns, etc , may be related to the plasmin activit} with which the} arc 
frequently accompanied Proteol}Sis ma) also, under certain circumstances, lead 
to the liberation of harmful products of protein digestion, and the release of bsta 
mine in anaphylactic shock has been attributed to this cause 

The Dissolution of Fibrin 

In local inflammation or trauma, fibrin is formed in the tissues, and during heal 
ing its neccssar) reabsorption is probabi} due cither to the action of plasmm or 
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Fig 3 Curves shossing the digestion of casein b) plasmin in terras of the release of acid 
stances estimated as tyrosine In each case a similar concentration of the albumin fraction to 
of the same subject (i) resting, and (2.) after adrenalin injection, has been added A re u 
plasmin effect is observed folloasing the administration of adrenalin 


to the proteolytic enzymes of the tissues Similarly w pneumonia ^ ^ Jung 

amounts of fibrin are liqmfied during resoluuon, and it is significant t a 
often contains an unusually high content of fibrinol}tic enz}'me to ^ ^ 
vascular thrombosis the thrombus may disintegrate, a process that ma} 
pamed by general fibrinolytic activity which Kaulla (194/) dissok 

the blood of patients with thrombosis during clinical improvement 
tion of clots by fibrinol}^tic enz}'-mcs in the endometrium ma}^ be a ac 
menstruation (Smith and Smith 1945) 

Chlorofori^i Poisoning ^ 

The destruction of fibnnogen by plasmin can seldom be tybeo 

because the normal liver replaces fibnnogen with great rapi it} rcstort'^ 

blood of dogs IS replaced by defibnnated blood, normal coag a ^ poisonm?- 
within an hour (Whipple 1914, Goodpasture 1914) In c or 


relativel} 


amounts 
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which might produce plasmin activity from destruction of antiplasmin, there is a 
demonstrable fall in fibrinogen in five hours (Whipple 1914) and a profound de- 
ficiency in three days (Whipple and Hurwitz 1911, Whipple 1914, Smith, Warner 
and Brinkhouse 1937) This disappearance of fibrinogen, though usually attributed 
entirely to failure of regeneration, is more rapid than that which occurs without 
a toxic factor, as for instance, when the normal liver is excluded from the circula- 
tion (Whipple 1914), or following transfusion in a patient with afibrinogenemia 
when fibrinogen could still be demonstrated in the circulation after eight days 
(Pinniger and Prunty 1946) Denys and Marbaix (1889) were the first to suggest 
that the loss of nitrogen which occurs in chloroform poisoning might be due to 
proteolysis Opie, Barker and Dochez (1911) showed that there was an increase 
in nonprotein nitrogen in the incubated serum from an animal with chloroform 
poisoning, and Jacoby (1900) demonstrated fibrinolysis in severe phosphorus 
poisoning It is therefore probable that proteolysis is a factor in the loss of fibrino- 
gen in chloroform and phosphorus poisomng 

Blood Coagulation 


There is a considerable accumulation of evidence in favor of the view that one 
or more components of the fibrinolytic system are concerned in blood coagulation 
The fact that chloroform scrum causes the clotting of fibrinogen solutions origin- 
ally suggested to NoLf (1908, 1938 etc ) that proteolysis might be a factor in normal 
blood coagulation He considered that two substances, thrombogen and thrombo- 
zyme combined in varying proportions with fibrinogen to form a clot, an excess 
of thrombogen and thrombozyme leading to the release of a proteolytic enzyme 
which might cause incoagulability from destruction of fibrinogen or coagulation 
followed by fibrinolysis The coagulant action of the globulin fraction observed 
by Tagnon (i94x) suggests the participation of plasmin in blood clotting, and 
although Its exact role has not been determined the facts available suggest an 
analogy between the action of plasmin and trypsin Neither purified plasmin nor 
trypsin will clot fibrinogen solutions (Dale and Walpole 1916, Seegers and Loomis 
^947)) and both apparently lead to the release of thrombin from oxalated plasma 
(Dale and Walpole 1916, Stephen and Wohl 19L1) A further study of trypsin in 
relation to coagulation is therefore of interest Ferguson and Erickson (1939) have 
shown that trypsin causes an increased rate of conversion of prothrombin to throm- 
bin, and Lenggenhager (1946) showed that pure prothrombin is converted into 
thrombin by trypsin only in the presence of an additional plasma component which 
he has called prothrombokinin The amount of thrombin formed by trj^psin is 
directly proportional to the amount of prothrombokinin present He suggests 
that trj-psin activates prothrombokinin to a substance called thrombokimn which 
combines directly with prothrombin in the presence of calcium to form thrombin 
Lenggenhager extracted a natural activator of prothrombokinin (thrombocataly- 
sin) from plasma and found that this was fibrinolytic According to Lenggenhager, 
thrombin formation proceeds as follows 


^ Ptothrombokinin 


Trj'psin 

Thrombocatalvsin 


Thrombokimn -}- prothrombin -|- Ca thrombin 


/ 
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Lenggenhagcr’s views arc supported by various observations FeissJy (ig/jz) 
obtained a proteolytic component from the “acido-gJobuline” fraction of Dob 
dilhe (1937) which had the power to convert prothrombin to thrombin w the 
presence of calcium He concluded that this substance was one of two components 
of thromboplastin, the second being a phospho-lipoid Fantl and Nance (1946) 
and Owren (1947) both showed that an additional factor from the plasma was 
necessary for the conversion of prothrombin to thrombin 

The fact that plasmtn and trypsin can coagulate ovalated plasma in the absence 
of added calcium makes it difiicult to accept coagulation by these substances as 
closely analogous to that occurring normally However, Ferguson and Frickson 
(1939) have shown that optimum coagulation with trypsin requires the addition 
of both calcium and cephalin, and Lcnggcnhager (1946) showed that tr)"psineven 
in concentrations of o xg-i per cent will not coagulate plasma which is continually 
in motion and suggested that its coagulant action on citrated plasma was due to 
a local accumulation of calcum ions released by proteolysis from an inactive form 
in combination with protein Moreover, although chloroform scrum will coagu 
late plasma and fibrinogen, there is some doubt as to whether purified plasminhas 
this power (Macfarlane and Pilling 1947b) Thus calcium may be necessary or 
coagulation with both trypsin and plasmin The difficulty raised by Rosenmann 
(1937), who showed that substances probably identical with plasmin an aoti 
plasmin could be distinguished from all known coagulant factors, docs not pre 
elude the possibility that plasmin may activate an additional plasma actor 
recognised by him The present evidence, therefore, supports the ^ 
nun may be concerned in the activation of prothrombin, a suggestion w 
plies that one of the components of thromboplastin is proteolytic 

Indirect evidence for the proteolytic theory of thromboplastin was sugg 
by observations on the coagulation defect in hemophilia Tagnon, a 
Taylor (1941) showed that the hemophilic globulin could not be 
chloroform, Feissly (1942.) showed that the globulin fraction was 
and Ferguson (^939) showed that hemophilic prothrombin coul 
into thrombin in the normal time on the addition of trypsin These 0 
appear to suggest a deficiency in the proteolytic component of t 
but the experiments of Tagnon and Feissly could not be confirme 7 (j^Q 
and Pilling (1947b), and Tagnon’s results have been refuted by develop 

Furthermore xf hemophilic patients receive an injection of adeen m 
a normal fibrinolytic reaction with only a slight reduction in the coag 
of whole blood and recalcified plasma (Biggs, Macfarlane and pj-oicoly'^'^ 

A study of the inhibitors of proteolysis also supports the view t 
IS a factor in coagulation Ferguson (1942-) and Grob (1943) the delay ^ 

trypsin inhibitor delays coagulation, and Grob (1943) showe t 
suits from an inhibition of either prothrombin or thromboplastin ^ 

Filling (1946b) and Macfarlane (1947) studied soya bean 
showed that its inhibitory effect on blood coagulation was an ^ pfoicol)"'- 
By inference these observations suggest that thromboplastin 
component 
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Inhibition by the albumin fraction in hemophilia was studied by Feissly (1944) 
He showed that whereas the coagulation time of whole blood in hemophilia is 
greatly prolonged, that of the hemophilic “globulin fraction” is only slightly 
longer than normal He then showed that hemophilic albumin retards the clot- 
ting of both normal and hemophilic “globulin fractions ” These experiments, 
which suggest an increase in the inhibitory system in hemophilia, are supported 
by the work of Tocantins (1943) who postulates an increase in anti thromboplastin 
A direct relationship between a shortening of the coagulation time and fibrinoly- 
sis occurs following adrenalin injections Cannon and Mendenhall (^914 a & b} 
showed that adrenalin stimulation of the sympathetic nervous system and emo- 
tional stimuli lead to a shortening of the coagulation time of recalcified plasma 
This hastening of coagulation is apparently not due to any change in prothrombin 
because Wakin et al ^946) have shown that adrenalin causes no alteration in the 
Quick prothrombin time It therefore seems possible that the change in coagula- 
tion time may be related to an increase in thromboplastin Since there is now con- 
siderable evidence that thromboplastic action is in part proteolytic, and since 
adrenalin injections consistently produce fibrinolysis, it seems possible that this 
shortening of the coagulation time may be related to fibrinolysis 

The Alarm Reaction of Selye 

The suggestion that fibrinolysis occurs in all conditions which lead to secretion 
of adrenalin has interesting implications in relation to Selye s concept of the alarm 
reaction (Selye 1946 etc ) According to Selye, exposure to any noxious or exces- 
sive stimulus IS followed by a uniform pattern of pathologic changes There is an 
initial shock phase, with the characteristics usually associated with this term, and 
a succeeding counter shock phase when the phenomena of shock are reversed The 
reaction is accompanied by involution of the lymphoid tissue, hypertrophy of the 
adrenal cortex, and excessive secretion of adrenal cortical hormones 
The marked negative nitrogen balance of the alarm reaction which may be 
related to plasmin, has been studied in detail following trauma (Cuthbertson 1930, 
^93^> 1935, Vaughan et al 1947), burns (Cope et al 1943, Taylor et al 1943, 
Chanutm and Gjessing 1946), operations (Chanutin et al 1938), hemorrhage 
(Elman 1944), and infections (Coleman and DuBois 1915) There is an extensive 
loss of nitrogen from the tissues, an immediate and progressive fall in plasma- 
albumin, and from the second or third day, a rise in plasma-globulin which often 
continues until the albumin-globulin ratio is reversed The early fall in plasma- 
albumin might be due to fibrinolysis initiated by adrenalin The continuing destruc- 
tion of protein reserves might be related to the excessive secretion of adrenal 
cortical hormones which are known to cause mobilization of globulins from the 
tissues (White and Dougherty 1945) The reversed albumin-globulin ratio thus 
produced might be associated wuth an imbalance of the plasmin-antiplasmin com- 
plex, causing further catabolism of protein 

FtbriJiol^sii and Anaphylaxis 

Rochas e Silva et al (1946 a, b A c) have suggested that fibrinolysis may play 
an important part in anaph) laxis It is well known that intravenous injections of 
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trypsin cause profound shock (Tagnon 1945) Rochas c Silva and Grana (1946a) 
showed that trypsin perfused through the isolated liver causes the release of hista 
mine On the other hand an anaphylactic antigen caused no release of histamine 
from the livers of sensitized animals unless it was perfused in whole blood Since 
anaphylactic shock is associated both with a rise in blood histamine andfibrinoly 
sis (e Silva and Teixeira 1946b) they suggested, that, in contact with sensitized 
tissue, the anaphylactic antigen releases fibrinoljsm which in turn releases hista 
mine from the liver cells In 1947 Ungar showed that incubation of sensitized tis 
sue with the specific antigen does cause a release of proteolytic enzyme and in 1945 
he showed that resistance to trauma was associated with a decreased release of 
histamine from the cells and an increase in blood antitrypsin These observations 
clearly support the original suggestion of Rochas e Silva 



Fig 4 Diagrammatic representation of the activation of plasmm and its effects 

There is, therefore, cumulative evidence that the plasmin-antiplasnuo c P 
plays a fundamental part in several essential physiologic processes 

Conclusions 

” jts precursor 

I There exists in normal blood a proteolytic enzyme plasmm, 

■ plasminogen” and its inhibitor ‘antiplasmin,” the latter of 

2 . Plasmm and plasminogen are associated with the globulm 

plasma, antiplasmin with the albumin ctionofs^P^^ 

3 Plasmm activity can be produced m plasma ' m vitro by the acti 

kinase which activates plasminogen, by chloroform which ^ plasni“^ 

or by procedures, such as fractionation of the plasma, which separa 
antiplasmin complex proteins 

4 Active plasmm will cause fibrinolysis, digestion of the p 
casein and gelatin 
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5 Enzymes resembling plasmin have been found in various tissues, particularly 
lung and in urine 

6 Inhibitors resembling antiplasmin have also been found in various tissues, 
particularly the spleen 

7 Plasmin activity may occur in the living subject following various stimuli, 
such as trauma, fear, severe exercise, or the injection of adrenalin 

8 The mechanism of this activation is still obscure, and involves factors not 
present in whole blood It can be obtained in the absence of the normal function 
of the liver, pancreas, spleen and suprarenal cortex 

9 Such plasmin activity may be concerned in the phenomena of shock, in the 
equilibrium between protein breakdown and synthesis, in the mechanism of blood 
coagulation, and in allergic reactions 

10 The position may be illustrated diagramatically as shown in figure 4 
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HEMORRHAGIC DIATHESIS ASSOCIATED WITH THE PRESENCE OF AN 
ANTICOAGULANT IN CIRCULATING BLOOD CASE REPORT AND 

LABORATORY STUDIES 

J 3 j J P Soulier, M D , and M Burstein, M D 

T here are three observations of the presence of an anticoagulant inthcblood 
of patients with a hemorrhagic diathesis in the American literature 
The following case report constitutes the fourth observation of such an occurrence 
The patient was studied at the Hospital dcs Enfants Malades" by Dr Maurice 
Lamy, under whose direction this work was carried out 


M B , -ige 2.1, mile, «-t'! admicced co chc ho^picil in Jul} , 1^46, with a diagnosis of hemopbihi 
Past historj rc\ cilcd the frequent occurrence of hemorrhagia episodes, the first one occurring at 
of age There \scre oral, nasal, and gastro intestinal hemorrhages, but most episodes were aracular, and 
occurred in the absence of an\ significant trauma These hemorrhages required blood transfusions on two 
occasions 

Joint hemorrhages were particularK frequent, repeating thcmscKcs 5 to 6 times in a )ear Theyaf 
fccted mostl) the elbows, knees, and ankle When seen, the patient was confined to bed for the last 1 
months with inaohement of both knees and hematuria 

The famil) historj is not contributor) He was the onl) child and his mother died of tuberculosis 
The maternal grandmother, her children and grandchildren were alwa)s in good health The patcraa 
grandfather was healthy His father had frequent episodes of cpistaxis ^ 

Physical examination rescaled a pronounced muscular atrophy, affecting the inferior limbs 
hemophilic arthritis, and a malformation of the mula No hematomas in the muscle Theremam 
of the physical examination was normal There was no S) philis Uscouat 

The blood coagulation time was 6 hours (ar 37 C )> the bleeding time 4 minutes The re ce 
was 4 1 million with a hemoglobin of 75 per cent 

The leukocyte count was 5,800 with the following differential count neutrophilcs, 7 
eosinophilcs, z per cent, 1) mphocytes, 16 per cent, monoc) tes, 6 per cent , 

On Aug z, 1546, the patient received a transfusion of 300 cc of blood (fresh) The He 

clotting time was still 6 hours The patient as as sent home as here he avas treated 1 few 

was readmitted Oct 31 In the inters al period he had no severe hemorrhage episodes The 

ccchymoscs and gingivorhaginc The clotting time was 4J hours and the bleeding time 
tourniquet test was negatne and the capillary resistance measured by the cuff metnou 
(no pctcchiac after 6 minutes under a pressure of 50 mm of mercur )0 Exaimnation 
the following results Red Cells, 5 i millions. Hemoglobin, 15 g 3 > Hematocrit, 50, > ^ , 

Cells, 6 400, Platelets, 300 000 of which 50 per cent were round forms. Fibrinogen, 400 
Calcium, 5 9 mg per 100 n 


The purpose of this communication is to report the different stu vein 

on the blood of this patient The blood was obtained from the solutioo 

with and without anticoagulant The anticoagulant used was a 4 per ^vas 

of sodium citrate, i cc of which was used for every 9 cc of 00 
obtained by centrifuging 

From the Centre National de Transfusion Sanguine ct de Richerches djms 

This ease IS the subject of a report under the title Sur un andj P 

sujet sc prdsentant cliniqucmcnt comme un h6mophilc by M Lamy, M 
be published in the Rev d Hematologic 
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I Anticoagulant action of noncitrated plasma on normal whole blood 
Blood was obtained from the patient without anticoagulant The red cells were 
allowed to sediment for 3 hours, and the supernatant plasma separated Increasing 
quantities of this plasma were added to i cc of normal human blood Table i shows 
that the patient’s blood plasma had a marked anticlotting effect on normal blood 


Table 1 — OoTtmg Time of z cc of Normal Blood to Wbtcb the Patient s Plasma W as Added QE Kperiment 
Done on Noi 14, 1946') To ^7 C Test Tubes ij v izo Duplicate Readings 


Patient’s plasma 

Normal blood ^ 1 
(1 cc ) 

Clotting tune 
(minutes) 

Normal Blood *2 
(1 cc ) 

Clotting tune 
(minutes) 

CC 




1 

1 

0 

S 

10 

10 

15 

0 I 

2.6 

33 

45 

4S 

0 X 

I^O 

iSo 




Table x 


Patient s atrated plasma 
(cc.) 

! 

Normal atrated plasma 
<cc ) 

Clotting tune 
(minutes) 

0 

0 2. 

4 

0 I 

2- 9 

6i 

0 I 

t 9 

17 

0 I 1 

0 9 

35 

0 1 

0 4 

60 

0 I 

0 

2-40+ 


Table 3 — HowelP s Time of Patient s Citrated Platelet-free and Platelet with Plasma (^o 2 cc plasma plus 

0 2 cc CaClz') 


Date 

Number of platelets 
j (per mm 3 ) 

11-7-46 

' I15 600 


=^5 

11 14-46 

1 1x5 000 


340 




3X j Platelet nch 

360+ I Platelet free 

45 I Platelet nch 

360+ J Platelet free 


~ Anticoagulant action of citrated plasma from the patient s blood on citrated 
plasma from normal blood 

Citrated normal plasma was obtained b\ spinning citrated normal blood at 6,000 
rpm for 30 minutes Increasing quantities of this plasma were added to a fi\ed 
quantiti of citrated platelet-free plasma from the patient s blood RecalciScation 
of the mixture w as done b\ adding an equal ^ olume of o 0L5N CaCh and the clot- 
ting time (Ho\\ ell s time) measured Table 2. show s a n-pical experiment performed 
on Sept 14, 1946 The results can be explained onh b\ the presence of an antico- 
agulant in the patient s plasma 
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3 Clotting time on recalcification (Howell’s time) 
a Effect of platelets on Howell’s time 
Platelet-nch citrated plasma was obtained by spinning citrated blood atiooorpm 
for 3 minutes Platelet-free plasma was prepared by spinning the platclet-rich 
plasma at 6000 rpm for 30 minutes, and passing the supernate through an Icna ^4 
filter The filtrate was platelet-free for all practical purposes Table 3 shows the 
results obtained by recalcifying both plasmas The Howell’s time was considerably 
prolonged when the platelets were removed Similar results were obtained by 
Quick with hemophilic plasma It is noticeable that the Howell’s time of this 
patient’s plasma, devoid of platelets, approximated very closely the clotting time 
of whole blood However, the clotting time of platelct-rich recalcified citrated 
plasma was much shorter, which may indicate the existence of a destruction of the 
platelets during recalcification and liberation of thromboplastin from the platelets 
b Effect of destruction of platelets on Howell s time 
It IS well known that the clotting time of citrated recalcified plasma (Howells 


Table 4 — Houcirs Ttme btjore and ajtn Destruction of Platihts 


Date 

Clotting time of recalcified citrated nlalclct nch plasma from patient s blood 

(\linute 5 ) 

Intact platelets 

Platelets dc5tro}e<3 
b> freezing 

Platelets destrojed by 

adding distilled water 

7-15-46 

90 

10 

15 

8- 1-46 

90 I 


15 

8- 3-46 

100 

lO 


n- 7-46 

}S- 

zo 

It 

11-14-46 

45 

^3 



time) is shortened if the platelets are destroyed and allowed to release their 
boplastin — according to Tzanek and Burstcin- citrated plasma clots fasten , 
recalcification, it is frozen and then thawed They found that this procedure s^^^^ 
ened the clotting time of citrated recalcified plasma from 3-6 minutes 
minutes One can also destroy the platelets by the addition of 3 volumes 0 

water to one volume of citrated plasma Iso-osmicityis then re-estabhsne 

one volume of a 3 6 per cent solution of sodium chloride We have stu 
effect of the destruction of platelets on the Howell s time of citrated p ate 

plasma from the patient’s blood jftcr 

Table 4 shows that there is a considerable shortening of the clotting 
destruction of the platelets However, this clotting time is still a nor 

longed f freezing 0°'^' 

Control experiments on platelet free plasma showed no effect 0 ^ plasms 

clotting time However, the addition of distilled water to the p ate of 

resulted in a shortening of the clotting time This effect may be uc ^ of 

the anticoagulant by the distilled water since the addition 0 sa 1 
distilled water produced a similar effect 
c Effect of dilution on Howell’s time 
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The effect of dilution was studied platelet free citrated plasma from the patient’s 
blood was diluted with saline and then recalcified and the clotting time at 37 C 
noted 

Table 5 shows that dilution shortens the clotting time 

4 Effect of concentration of calcium on Howell’s time 

Lozner, Joliffe, and Taylor*® state that the addition of calcium to whole blood 
obtained from their patient produced a shortening of the clotting time We have 
not observed any effect in the case reported here from the addition of concentrations 
of calcium chloride benveen o 05N and o 012.5N 

5 Effect of storage of plasma on Howell’s time 

When the patient’s citrated plasma was kept at room temperature for 48 hours, 
the Howell s time was not modified provided the plasma was devoid of platelets 

6 Effect of normal plasma and fractions of normal plasma on the clotting defect 
of the patient’s plasma 


Tahle 5 — Ejfect of Dtlutton on HowdV s Ttmi 


Date 

Howell's time of undiluted plasma 
(minutes) 

Hon ell’s time of diluted plasma 
(0 2 cc plasma + 0 8 cc 
physiological saline) (Minutes) 

7-15-46 

360 

40 

3- 1-46 

360 

40 

II- 7-46 

0 

0 

90 

11-14-46 

300 

90 


We have used normal human plasma and one of the plasma fractions ob- 
tained by Cohn and his coworkers in the department of Physical Chemistry of 
Harvard Medical School * The plasma fraction used was Fraction I of Cohn, which 
in addition to fibrinogen contains most of the antihemophilic activity of normal 
plasma Two types of fraction I were used One from normal human plasma, and 
the other from hemophilic blood plasma f These fractions were obtained as a dry 
powder 40 mg of which was dissolved in 2. cc physiologic saline at pH 7 5 
Table 6 shows that neither type of fraction I in the quantities used in this experi- 
ment had any effect on the clotting defect of the patient’s plasma 

7 Quick s prothrombin time of the patient s plasma 

This was determined by means of brain s thromboplastine the prothrombin time 
of the patient s plasma determined by this method was zo seconds, very near the 
prothrombin time of the normal control (table 7) However, with smaller amounts 
of thromboplastin there appears a widening divergence between the patient s 
plasma and the normal control (table 7) 

Obtained through the courtesy of Dr E J Cohn 
t Obtained through the courtesy of Dr F H L Taylor 
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8 Effect of thrombin on citrntcd plasma absence of immediate antithrombin 
The preparation used was obtained from the Roussel’s laboratories as a dr} pow- 
der, 50 mg of which assayed 11 Iowa units Fifty milligrams was dissolved in i cc 
of physiologic saline At all dilutions used (table 8), it was impossible to detect 
a significant immediate antithrombic action in the patient’s plasma 


Tahle 6 — Ejjtcf of Nortna! Phsma, Fraction I from Normal Plasma and Fraction 1 from Htmofhln 
Plasma on Clotting Twit of Flattlit s Plasma Rcagtnts in cc 


Patient’s plasma 

Normal ph«;ma 

traction I normal 

1 raction I hemophilia 



1 



mtnufes 

0 I 1 

1 

I 

0 

0 

40 

0 I 

0 

I 

0 

110 

0 z j 

0 

0 

I 

110 


* After addiuon of i i cc of CaCI; to each tube it 37 C 


Table 7 — Effect of Diliiiioii of Thromboplastin on Prothrombin Time (_o i cc Citrated Plasma + ti®' 


Solution of Thromboplastin + o r tr CaCIt, o 02} N) 


Dilution of thromboplastin 

Prothrombin time (seconds) of 

Patient’s plasma 

Normal plasma 

l/l 

zo 

iS 

if IQ 

32- 

x6 

1/50 

63 

50 

i/ioo 

84 

6i 

l/lOO 

117 

8} 

1/500 

180 

II 6 

1 

i/iooo 

350 

140 


Table 8 — Effect of Thrombin on Citrated Plasma (xc 25 cc Plasma 0 j of Thrombin Solatmt ^ 


Cl 


Dilution of thrombin 


Clotting time of normal human 
atrated plasma 


seconds 


ClotUng Ume of patient s atrated 
plasma 


seconds 


i/i 

l/z 

1/4 

I/I6 

1/31 



9 Progressive antithrombin , ogrcssivc" 

Normal serum or plasma contain an antithrombin which is calic ^ 
because it inactivates thrombin when incubated with thrombin ^ jjd nor- 
that the patient’s plasma did not inactivate thrombin more active } 
mal plasma and did not therefore contain more progressive antit om 
normal plasma 


10 Anufibrinolytic activity of the plasma ^ because there arc 

It was decided to test this activity in the patient’s plasma 
similarities between the trypsin inhibitor from soya bean, an 
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present in the patient’s plasma Both substances are anticlotting but not anti- 
thrombic They both are thermostable It became necessary to investigate whether 
the patient’s plasma e\hibited enhanced antiproteolytic or antifibrinolytic activity 


Table 3 — Ejff^ of Incubation of Patient s Plasma with Thrombin Thrombin Added to Defibrinated Plasma, 
the Mixture Incubated 1 $ Minutes at }y C and the Clotting Tune on Ftbrtnoi,en Measured at jy C 
Defibrination Was Done bj Heating at }6 C for y Minutes 


Reagents in cc 
thrombin 

Isormnl plasma 

Patient’s plasma 

i 

Saline 

r ibrinogen 
Solution 

Clotting time 






seconds 

0 4 

0 

0 

0 I ; 

0 5 

9 

0 4 

0 I 

0 

0 

0 5 

36 

0 4 

0 

0 I 

0 

0 S 

4 ^ 


Table 10 

A Fibnnol}sin i cc + Citratcd Plasma o 05 cc + Thrombin o i cc Reading Done after Incubaaon 

at 37 C for 18 Hours 


Dilutions of fibrinol>sin 

Lysis 

Patient’s plasma 

Normal plasma 

l/l 

+ 

+ 

lA 

+ 

0 

1/4 

0 

0 

1/8 

0 

0 

1/16 

0 

0 


0 

0 

1/64 

0 

0 


B Fibnnolysm o 2. cc Plasma o 2. cc Diluted with o 2. per cent Solution of Fibnnogen Reading 

Done after Incubation at 37 C for 18 Hours 


Dilutions of plasma 

Lysis 

Patient’s plasma 

Normal Plasma 

l/l 

0 

0 

1/2. 

1 0 

0 

1/4 

0 

0 

1/8 

+ 

0 

1/ 16 

+ 

+ 

1/3^ 

+ 

+ 

1/64 

+ 

+ 

1/12.8 

+ 

+ 

1/2.56 

+ 

+ 


As a source of fibrinolysin, we used a preparation of chloroform plasma (^Nolf- 
Tagnon) The fibrinolysin preparation was added to citrated plasma and a clot 
was obtained by the addition of thrombin The disappearance of the clot was taken 
as a measure of the intensity of the fibrinolysis 
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II Finally wc have obscrx'cd that the quantit) of anticoagulant agent in the 
patient s plasma increased from August to November 1946 This is shown b) the 
fact that in August a mixture of i volume of citrated normal plasma and i volume 
of citrated patient’s plasma, after addition of calcium, clotted in 50 to 60 minutes, 
while in November, in order to obtain the same clotting time, it was necessat} to 
add 4 volumes of normal plasma to one volume of the patient s plasma It is difficult 
to say at the present, whether this increase was the result of the transfusion of 
blood, as was the case m the patient described bv Munro 

Discussiom 

The patient discussed in this communication was clinicall) a hemophiliac This 
diagnosis was based on a prolonged clotting time, a normal bleeding time, and 
the occurrence of hemorrhagic episodes and joint hemorrhages The disease started 
at the age of iS months Hovv'ever, certain aspects of the case were not in agreement 
with the diagnosis of hemophilia among which the absence of a famil) historp 
of the disease and the lack of effect of blood transfusions Also, atjpical were 
the lack of effect of the addition of either normal plasma or fraction I of Cohn on 
the clotting time in vutro of the patient s blood Finally, and contrar} to what 
occurs in true hemophilia, the blood or plasma from the patient had a definite 
anticlotting effect on normal blood or plasma 

There is little doubt that the blood of this patient contained a circulatingann 
coagulant Munro ■' ^ has reported a similar occurrence in a patient classi e 
hemophilic In Munro’s case, the appearance of the anticoagulant followc t 
use of repeated blood transfusions In the case reported here, such an eaolog)SK 
unlikely in view of the fact that the patient had receiv^ed one single trans 
before the time that the circulating anticoagulant was observed in his 00 
single transfusion was given him when he was a child Later 
after the circulating coagulant was observed, had no effect on the 2] 

if they had any effect, it was in the direction of groloiignig the clotting t 
though this prolonging effect was difficult to demonstrate since the 0 
transfusion, clotted in the very long time of 6 hours at 37 C ,n 

patient one transfusion only because of the detrimental effect of this trea 
this type of cases, as described by Munro \Vc 

The anticoagulant present in the plasma of this patient is t cr 
were able to heat the plasma at 65 C for 30 minutes without causing ^ ^ 
pearance of the anticlottwg activity At ice box temperature the activ 
tamed for 8 days at least At room temperature, the activity have 

hours The anticoagulant appears not to be identical with heparin 
observed no neutralizing effect from the addition of toluidine ue (Jidnot 
quantities of protamine between o 001 mg and o i mg for i cc o p 

affect the clotting time , 1 j to be antifil’f'" 

The anticoagulant was not an anuthrombm and did not app- 5,g 

olytic The prothrombin time determined by the method of Quic ' 

mficantly altered saj that 

Concermng the mechanism of action of the anticoagulant. 
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principle acts on the first phase of the coagulation phenomenon since we have 
shown that it is not antithrombin It would appear therefore that it opposes the 
transformation of prothrombin into thrombin 
The anticoagulant could conceivably oppose this transformation by one of three 
possible mechanisms (i) by an action on calcium that this was not the case is 
affected by the fact that the blood calcium was normal and that varying the amount 
of calcium did not correct the prolonged clotting time, (x) by an action on pro- 
thrombin this seems unlikely since the prothrombin time was normal, on the other 
hand we have mixed o i cc of the patient’s plasma with i cc of prothrombin poor 
plasma (obtained from a patient treated with dicumarol) containing 33 per cent 
of the normal level of prothrombin The clotting time of the mixture (38-48 
minutes) was found to be similar to that of a control (38-45 minutes), (3) by an 
action on thromboplastin this is rendered unlikely by the fact that small quanti- 
ties of thromboplastin added to the patient’s plasma corrected the clotting defect 
quite completely The antithromboplastm described by Tocantins,® in contrast to 
the anticoagulant described here, is destroyed by heating at 50 C 
Other hypotheses should be briefly considered According to Lenggenhager, ^ 
the thromboplastin originating from platelets exists as a prothromboplastin and 
is activated by contact with foreign surfaces and calcium, while the thromboplastin 
derived from cellular material exists in an active form According to this hypothe- 
sis, the anticoagulant described here could conceivably work by opposing the 
activation of the prothromboplastin 

According to Nolf,® Howell,® Patek and Stetson,^® Patek and Taylor,” Feissly,^® 
Bendien and Van Creveld,'® blood plasma contains an essential factor of blood co- 
agulation distinct from prothrombin This factor exists in plasma as an inactive 
precursor It is thermolabile and is bound to the englobulin fraction of plasma 
It IS called antihemophilic factor, globulin substance, plasma thromboplastin, etc 
According to Frederica,” and, independently, to Ferguson,^® the plasma tryptasc 
IS probably the active principle which in association with calcium and the platelets 
activates prothrombin This author thinks that component A of prothrombin, 
described by Quick, ^ is identical with the plasma tryptasc 
A definite explanation of this mechanism of action of the anticoagulant described 
here must await a better understanding of the mechanism of normal coagulation 
Itself Our impression is that this anticoagulant acts on either the mechamsm of 
activation of prothromboplastin, or the antihemophilic substance, or the plasma 
tryptasc 

An interesting question is whether our anticoagulant is identical with the anti- 
clotting substances described in 3 different publications ” ” * Certain common 
features suggest an identity these arc the thermostability, lack of antithrombin 
action, lack of action on the prothrombin time 
The substance described by Munro'* appears to be a y globulin 

Summary 

A new obsen,mtion of a hemorrhagic diathesis associated with the presence of 
an anticoagulant in the circulating blood is reported here The patient was a 2.1 
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year old male, appearing by clinical evaluation to have hemophilia, but without 
a family history of hemophilia The blood and plasma were strongly anticlotting 
and had a very long clotting time The clotting time of recalcified citratcd plasma 
was greatly delayed by removing the platelets Freezing and thawnng of platclct- 
rich plasma resulted in a marked shortening of the clotting time Dilution of the 
plasma shortened the clotting time, while the addition of calcium and storage of 
the plasma had no effect 

The prolonged clotting time was not corrected by the addition of normal plasma 
or plasma fractions having antihemophilic activity The prothrombin time was 
nearly normal Small quantities of thromboplastin were very effective in shorten 
ing the clotting time The anticoagulant had no antithrombin activit’^ The "pro- 
gressive” antithrombin and antifibrinol)Sin of the patient s plasma were normal 

The anticoagulant acts during the first phase of coagulation by inhibiting an 
(plasma) activator of prothrombin It appears to be identical with the anticoagu- 
lant described in three prcMOus publications from the United States 
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iriE RELATIONSHIP BETWEEN HEPARIN DOSAGE AND 

CLOTTING TIME 


^ L B Jaques, M a , Ph D , and Ann G Ricker, M A. 

T he great interest of Dr Minot in all branches of hematology has always 
included an appreciation of the problems involving the anticoagulants The 
recent development of anticoagulant therapy has increased this interest We there- 
fore are pleased to present as an indication of our esteem a recent study of factors 
affecting the action of heparin in vivo We believe that a study of this nature is of 
value in leading to an understanding of the various physiologic factors involved 
in this action and hence to an appreciation of the principles involved in its ad- 
ministration 

Heparin when used experimentally or clinically is usually controlled by the 
determination of the prolonged clotting time produced It was shown in a previous 
paper! that the value of the clotting time produced will depend on both the coag- 
ulant power of the blood and the ability of the body to remove heparin from the 
circulation Crafoord- reported that the blood became more resistant to the action 
of heparin after operation, suggesting an increase in coagulability Following this 
lead, De Takats,^ Waugh and Rudciick,'* and Whittaker® have suggested tests of 
blood coagulability based on the resistance of the blood to the anticoagulant power 
of heparin In a continuation of the previous study, further observations of the 
effect of heparin dosage on the clotting time in the dog have been made These 
observations give a clearer concept of the factors involved both in the use of heparin 
as a test of the clotting function of the blood and also in its administration 

Methods 

Dogs of 10 to zo Kg body weight were used The expenments were conducted on trained, unanes 
thctized animals unless otherwise indicated Unless otherwise stated, blood samples were taken by venous 
puncture from superficial veins through the skin Care was taken to ensure that the sample was taken 
expeditiously without trauma The syrmge and needle were first rinsed with saline and emptied of air, 
saline being left m the needle Normally, z cc of blood were taken and the first o 5 cc and last o 5 cc of 
blood were discarded If larger quantities of blood tsere required the same technic it as used, larger 
amounts of the first and last of the sample being discarded Clottmg times were determined at 37 C in 
the coagulometer described by Murray, Jaques, Perrett and Best ® 

We are indebted to the Connaught Medical Research Laboratories, University of Toronto, for a 
generous suppl) of heparm This was received as a solution of 1000 Connaught units/cc C9 o mg per 
cc ) of the sodium salt of beef heparin The unit is the anticoagulant activit) of 1/100 mg of the crys- 
talline barium salt as prepared by the method of Charles and Scott ^ This unit is as closely as one can 
ascertain, the same as the provisional International Unit® which is expected to replace it, and also the 
original unit used bj Hots ell In these studies the heparin t\as injected mtravenousl) 

Clotting Time Response to Heparin in Vitro 

When the clotting time is determined with varying amounts of heparin added 
to the blood in vitro, a curve such as chat of a in figure i is obtained The practical 

From the Departments of Phtsiolog), Uniiersitj of Toronto, Toronto, and the Unnersin of Sas 
t^tchewan. Saskatoon, Canada 
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Significance of this curve is that a certain level of heparin is required before there 
IS any significant effect on clotting time, whereas increases in heparin concentra 
non beyond this value result m the clotting time being very markedly incrcasd 
for slight increases in heparin concentration Several empirical equations have been 
suggested for this curve ' ’ However, a simple procedure is to plot the 
data on semilogarithmic paper, whereupon a straight line is obtained In figure i 
this has been done to give curve ^ The same procedure has previously been rccom 
mended for the relation between thrombin concentration and clotting time" aoi 
appears to be a consequence of the determination of clotting times, since a similai 



Fio I Effect of heparin concentration in Mtro on clotting time 131 ooa sample 

posed femoral vein and i cc added to the quantities of heparin shown 

j ..(-oaetilant sub* 

logarithmic relation can be obtained for many coagulant ana an & 
stances dif 

It would appear of practical importance to have some single va uc jj^asilf 
sensitivity of a blood sample to the anticoagulant action of heparia 
achieved by taking the slope of the straight line obtained on se^^og^ ^ 

gives us the “hepartn sensitivity value,” and is calculated from 

where T2, Ti = clotting times and c,, Cj = heparin the 

on the line Since the coagulometer used measures clotting ti the 

minute only, the greatest error was on the normal clotting time 
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was drawn to give the best fit for all the points, without necessarily passing 
through the normal value Typical results obtained in a series of 15 dogs are shown 
in table i The clotting times as those in figure i were determined on blood removed 
from an exposed femoral vein It can be seen that the range for the heparin sen- 
sitivity values for the animals was from o 50 to 48 8 These extreme values were 
for only two animals, representing the hyperreactors and hyporeactors of De 
Takats The values for 50 per cent of the animals were in the range x 3 to 3 2., while 
5 (31 per cent) were moderate hyperreactors giving values of 3 8 to 7 6 The differ- 
ence between different animals with regard to their sensitivity to heparin is a 
relatively permanent difference Determinations on the same animal, 10 days apart, 
shown in table x, give sensitivity values agreeing to within 10 per cent, while the 


Table i — SenstUvtty of thi Blood to the Action of Heparin in Dogs* 


Dog 

Normal Cl T t 
Mins 

Hepann sensiUvity 
Value 

Cl T with hepann 

0 1 units 

0 5 umts 

Mins 

Min 

A-ig 

3 6 

X4 X 

a 

a 

A-io 

X 0 

so 

X X 

3 6 

A-zi 

X 0 

48 8 

a 

a 

A-iz 

I 0 

00 

3 6 

a 

A-z6 

4 0 

4 iz 

10 5 

a 

A-3i 

I 0 

3 

X I 

41 

A-34 

i 5 

z 80 

4 7 

63 

A-35 

X 0 

7 z8 

10 4 

a 

A-36 

3 0 

z 84 

5 8 

78 

A-37 

I I 

4 30 

4 7 

a. 

A-38 

z 9 

z 31 

5 0 

4^ 

A-39 

3 7 

z 65 

8 7 

ct 

A-41 

0 9 

z 38 

I 7 

15 

A-43 

I 0 

z 76 

X 0 

2.5 

A-44 

X 0 

z 46 

3 6 

34 

Median 

X 0 

z 8 

4 7 

78 


* Blood samples taken from exposed vein 
t Cl T — Qotang Time a — >go' 


difference between the average normal dog and the hypcrreactors is one of several 
hundred per cent 

Another method of measuring sensitivity to heparin, although by no means as 
informative, is to report the clotting time for a single dose of heparin This has 
been done in table i for o i and o 5 units of heparin/ cc Also reported is the normal 
or control clotting time, 1 e , the clotting time without added heparin The value 
of the clotting time for o i units of heparin was from i 7 minutes (almost the same 
as the normal) to over 14 hours The median value was 4 7 minutes Another way 
of giving the values is the concentration of heparin reqmrcd to double the normal 
clotting time This was o 008 units for dog A-2.1, and o 6 units for dog A-xo, the 
niedian value for the series was on umts There appeared to be no correlation be- 







I2,CX3 


IlEPAniN DOSAGE AND CLOTTING TIME 


tween the normal clotting time and scnsitivit) to heparin Both hyper- and hypo- 
reactors were found with normal clotting times longer than the average value 
The sensitivit) of blood to the anticoagulant action of heparin depends (i) on 
the individual from whom the blood is taken, and (z) on the technic used both for 
removal of the blood and for determination of the clotting time In the experiments 
reported in table i, the dogs were under an anesthetic and the blood samples wctc 
taken from the exposed femoral vein Direct experiments showed that this pro- 
cedure increased the scnsitivit) of the blood sample to heparin In a later senes, 
reported in table x, the blood was taken by the usual venipuncture procedure 
through the skin The decrease in heparin sensitivity is shown by the decrease m 
the sensitivity value to the level o S — i 4, the median being i 03, or a clotting 
time of iz I minutes for o 5 units H) per- and h)porcactors were not used for this 
erics The scries again demonstrates the individual variation even in a scric> of 
animals selected with regard to their response to heparin Likewise, there is no 
indication from the normal clotting time of their response to heparin 
The above demonstrates one factor which can change the sensitivity of the blood 
sample for heparin Other factors which can change this arc the use of saline to 
moisten the S) ringc, removal of the needle before transferring the blood to the tube 
for the determination, surface coatings, etc Finally the temperature atwhic t <: 
determination of clotting time is conducted markedly affects the sensitivity 0 
sample Heparin shows least anticoagulant activity at zo— 15 C, its activity 


increasing above and below this temperature range 

While the great variation in the response of the clotting time to hepann 
changes in technic of venipuncture and determination of clotting times 
suggest that the use of clotting times should be discarded as far as heparin 
cerned, actually the value of such determinations is greatly increased 
factors are appreciated and utilized As can be seen from figure i, the re a 
tween the clotting time and heparin concentration is such that measura 
in clotting time can be obtained only over a rather narrow range or con ^ 
a considerable handicap in experimental studies on heparin 
modifying the method, it is possible for any desired range of heparin 
within reason to be made measurable With proper control of these te 
tors, satisfactory reproducible results are obtainable with any to 

In using heparin both experimentally and clinically, it would p^j. Jjlo- 

administcr it on a weight or potency basis (1 e , in milligrams 
gram) rather than on the basis of an arbitrary clotting time partioil^ 

IS not necessarily required for all uses, the dosage can be modihc 
use It follows from the above discussion that the method for t (-^fculatm” 
of clotting time, used to determine the duration of heparin action tifflcsac 

as discussed below, may be suitably modified to give measurab e 
this dosage level While the dosage for a particular purpose may 
the average individual, it may be advisable to modify it for those in 
blood proves to be either highly sensitive or relatively inscnsin 
coagulant action of heparin 
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The Clotting Time Response to Heparin in Vivo 

As first reported by Howell,^- a single intravenous injection of heparin is fol- 
lowed by a rapid rise in the clotting time, and then by a more gradual but still 
rapid decrease to the normal value As seen from the relationship between heparin 
concentration and clotting time in vitro, the rapid changes in clotting time at the 
higher values are due to the nature of the relationship between heparin concentra- 
tion and clotting time Hence they do not reflect actual changes in heparin con- 
centration in the blood, and in order to use the clotting time to follow changes in 
heparin concentration in the blood it is advisable to plot the data, as with the in 
vitro curves, on semilog paper When this is done, as in figure x, it can be seen that 



Fio X Effect of hepann in vivo on clotting time Single intravenous mjecuon of 30 given at 

zero time 


the anticoagulant effect of heparin disappears from the circulation in a relatively 
linear fashion, at the concentration given by this dosage of heparin 
In studying the clotting time response of the ammal to injected heparin (fig 2.) 
three different values are of interest These are (i) the time reqmred for the clotting 
tune to reach its peak value, (x) the maximum clotting time reached, and (3) the 
time required for the clotting time to return to normal, or the duration of the 
hypocoagulable effect These three values will be considered separately 

Ttwe required for the clotting time to reach its peak value In figure x, with a dose of 30 
units Kg , the maximum clotting time was reached in four minutes With a cir- 
culation time of xo seconds, one would expect that the heparin would have exerted 
Its maximum effect within one minute after the injection Actually, with larger 
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doses of loo units/Kg , one usually finds that a ten to fifteen minute period is neccs 
sary for the clotting time to reach the peak value It is evident from this that the 
delay in developing the hypocoagulability of the blood following the injection 
of heparin is not due simply to the time required for mixing with the blood As 
discussed later, an explanation of this delay has been found It also should be 
pointed out that this cficct is observed only with doses of heparin which give 
clotting times that arc still measurable With very large doses (looo units/Kg ) 
complete incoagulability develops immediately 

De Takats’’ has reported that the clotting time response to injected hepannis 
biphasic He noted a rise to the maximum within one minute of injection This 
was followed by an immediate return to the normal value which was then followed 
by the rise in clotting time usually observed No evidence of such a biphasic re 
sponse IS observable in the data reported in figure x nor have we observ^cd an) cvi 
dcncc of this in a senes of dogs in which samples were taken for clotting times ever}' 
minute after injection De Takats results were obtained on man However, it is 
difficult to deduce an) rational basis for such a phenomenon, since, as shown below, 
there is essential, even though not complete, quantitative agreement between tbf 
clotting times obtained when the heparin is mixed vvith the blood in vivo and i 


V J. Cl. w 

T/je maxnmwt clotting time It was concluded previously that the maximum clottin 
time obtained on the injection of heparin was the same as if a corresponding amouo 
of heparin were mixed with the blood sample in vitro In the present investigatioi 
a more exact test of this hypothesis was conducted, using the present memo s 
each case the effect of heparin concentration on clotting time was first dctcrininei 
in vitro by adding blood samples to various concentrations of heparin 1 e 
were then plotted on semilog paper to give a straight line and the slope o i 
(heparin sensitivity value) is reported in the table Thirty or lOO units/ g ^ 
then injected and the clotting time determined at frequent intervals, as in g 
In table x is shown the maximum clotting times obtained for the 
clotting time for the same concentration of heparin added to the bloo m 
determined from the in vitro experiment, the blood volume being 
of the body weight This is likewise reported as the peak clotting time 
It can be seen that of fifteen injections the clotting time in vivo was a way^ 
greater than that obtained in vitro, the value obtained from mixing m 
three to ten-fold that in vitro 

The only difference between the two series is that in the one case 
mixed in the body is in contact with the blood for the five to ten 
for the clotting time to rise to the maximum Qmck^^ has system’’ 

shows an enhanced activity on incubation with an oxalatcd ofbl<^ 

order to test the effect on heparin activity of incubation with b oo , 
was drawn into i o cc of sodium oxalate solution One cubic cen ^ ^ ^ 

blood was then added to each of a series of tubes containing o, ^ 

units of heparin and the tubes were allowed to stand thirty and the 

tubes were then placed in the coagulomcter, equivalent calcium but the 

clotting time was recorded A control series of cubes was set up 
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heparin was added at the end of the thirty-mmute period before the addition of 
calcium 

The results for several animals are shown in experiments i and e, of table 3 
It is evident that after incubation with heparin the clotting times of the samples 
are much longer In order to avoid the decalcification, the experiment was also 
conducted in another way It has previously been shown by Jaques, Fidlar, Feldsted 
and Macdonald^'* that coating glassware and needles with the silicone “Dri-Film” 


Table 2. — Effect of Heparin on Clotting Time m Dogs* 




In Vitro 

In Vi\o 

Dog 

1 

Expt 

Cl Tt 
(no hcpann) 
Alins 1 

SensitiMty 

Value 

Peak Cl T 
Mins 

Peak Cl T 
Alins j 

Duration 

Alins 

Dose/Time 


Hcpann — 30 /i/Kg 


A 

2-5 

2. 8 

1 34 

6 9 

z 6 

32- 

90 

C 

30 

2 . 6 

1 18 

10 2. 

2-8 

3^ 

90 

E 

34 

3 0 

I 68 

9 6 

>60 

36 

84 

F 

36 

X I 

0 

CO 

3 8 ' 

16 

30 

I 0 

E 

39 

3 7 

0 94 

7 3 

14 

i 9 

I 0 

D 


3 0 

0 78 

5 I 

19 

40 

75 

D 

48 

1 ^ 6 

I 37 

13 0 

34 

30 

I 0 

E 

50 

4 1 

I 03 

8 2. 

>90 

2-5 

I z 

D 

52- 

4 5 

0 96 

8 7 ' 

7 . 7 . 

2-4 

I 3 

E 

56 

3 7 

I 14 

8 7 1 

4^ 

39 

76 

D 

57 

4 1 

0 99 

8 X 1 

^4 

30 

I 0 

1 

Average 

3 5 


H 

CC 

34 

32- 

0 93 


Hcpann — 100 /j/Kg 


C 

33 

3 5 

2 34 

i 

77 

>XIO 

190 

53 

E 

43 

— 

— 

— 

73 

H 

H 

87 

D 

49 

4 6 

— 

36 ' 

90 

0 

H 

95 

E 

5 ° 

4 I 

I 03 

44 

>140 

1x5 

80 

E 

54 

2 . O 1 

2- 30 

400 

>140 

IIZ 

89 

D 

55 

4 5 

— 

— 

> 110 

95 

H 

0 

crage 1 

3 7 




1x4 

1 

0 80 


* Blood sample b) vcmpuncturc through the sktn 
t Cl T — Clotting Time 


gives a surface which is apparently inert to the clotting system and that, provided 
the blood sample is taken in such a way as to prevent contamination with damaged 
tissue, such blood does not clot for several hours Five cubic centimeters of blood 
were removed from a superficial vein with a silicone-coated S) ringe and needle 
The first and final o 5 cc of blood were discarded and 1 cc portions of blood added 
to var) mg amounts of heparin insilicone-treated tubes These were allowed to stand 
10 minutes at 37 C The samples were then transferred with an untreated s) ringe 
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and needle to the coagulometer and the dotting times were recorded The values 
arc shown in experiments 3, 4, 5 and 6 , table 3, opposite I The control tubes in 
experiments 3 and 4 were set up idcnticaJly and the heparinized blood then trans- 
ferred to the coagulometer immediately without incubation In experiments 5 and 
6 the control blood was added to the silicone tubes, incubated ten minutes, and then 
added to the heparin in the coagulometer tubes 
It can be seen that, irrespective of changes in the clotting time of the blood fol- 
lowing incubation (zero heparin), there is a marked increase in the clotting time of 
the heparinized samples This result was obtained consistently, with marked differ- 
ences in technic and in the coagulability of the blood of the individual animal 
Evidently a certain period of time is rcqmred for heparin to combine with the com- 


Table 3 — Effect of Incubation of Blood with Heparin on Clottini Time 


Hepann Units 

Clotting Time, Mms 

0 

1 

25 

JO 

I C 

I 

6 

45 

95 

I 

I 

13 

103 

143 

1 c 

I 

3 

6 

10 

I 

1 

4 

^•5 

40 

3 C 

X 1 

8 

18 

70 

I 

<r 

7 

2-5 

90 

4 c 

X 

10 

x8 

84 

I 

<1 

II 

' 58 

X06 

5 C 

I 

i 

4 

9 

iS 

I 

1 

5 

2.0 

42- 

6 C 

I 

8 

18 

90 

I 

t 

7 

43 

240 


C — Control or umneubated series, I — Senes with blood incubated vith hepann 
Expenments i and z ttith oxalatcd blood, 3, 4, 5 and 6 isith fresh blood in silicone 


ponents of the clotting system before it can exert its maximum anticoagu ant c cc 
It appears reasonable to attribute to this factor both the discrcpancj between 
clotting times obtained on mixing the heparin with the blood in vitro an 
and also the lag in the rise of the clotting time to its maximum A great 
heparin would accelerate the combination of heparin with the 
of the clotting system, and thus cause the disappearance of t 
above, it was actuall) found experimentally, that the lag phase PF‘ 

large doses of heparin Jnnrmn of 

VuraHonofthehpcoagulabfht:} after hepann infections The of heparin rc- 

abihty represents the time during which the ^ propornonal 

mams in the circulation Recd^^ reported that this time v 
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to the dosage In the previous study by Jaques^ this was confirmed, for when the 
dosage was divided by the time, the ratio obtained was approximately constant and 
was independent of the dosage level and of variations in individual ammals The 
value obtained was z o units/Kg /min Shown in table z is the duration of the hy- 
pocoagulability for a series of animals receiving injections of 30 and 100 units/Kg 
In the present series, likewise, the ratio is constant The agreement is in fact con- 
siderably better than previously, but the average value is o 9 units/Kg /min 
Such a discrepancy is much too great to be due to experimental errors and merits 
further consideration 

Several factors were different in the two studies First, crude heparin (15 units 
/mg ) was used in the first series, while all later experiments were conducted with 
pure heparin Direct comparison of crude and pure heparin, however, showed no 
difference in the clotting time response ehcited Secondly, a series of doses (from 
31 to 667 units/Kg ) were used in the previous experiments, while only two dosage 
levels (30 and 100 umts/Kg ) were used in the present series It is significant that 
in the previous study the values of the ratio for the 31 and 113 umt doses were i z 
and I 6 respectively, compared with values of i 9 to 3 4 (average z 5) for doses of 
zoo imits/Kg and over This result suggests that the value of the ratio changes 
with the dosage level of heparin Thirdly, the clotting times were previously deter- 
mined by the Lee and White method at Z5 C , with blood samples taken from the 
superficial vein through the skin, and it was found that this method failed to de- 
tect heparin in concentrations in the blood lower than o 3 imits/cc On the other 
hand, the present method detects concentrations of heparin as low as o 10 units 
Hence, at the time when the clotting time was normal by the first method, heparin 
was still present to give a prolonged clotting time by the second method, thus 
decreasing the ratio This factor appears to increase in importance with increasing 
sensitivity of the clotting time method used to detect the heparin Thus Jaques, 
Charles and Best*® reported data for the injection of 35 units/Kg in dogs The clot- 
ting time was determined with the coagulometer, but blood samples were obtained 
from the exposed femoral vein, thus further increasing the sensitivity In their data, 
the hypocoagulability lasted from 40 to 80 minutes, again providing a further dis- 
crepancy on comparison with the data reported in table z However, this effect on 
this ratio of increasing the sensitivity of the test method for heparin could be pre- 
dicted from the results reported by Jaques,* of the effect on the clotting time of con- 
tinuous injections of heparin He found that the rate of disappearance of heparin 
from the blood at blood levels below i unit per cc was a function of the blood 
level, so that increasing the sensitivity of the test would result in the detection of 
heparin in the blood for a relatively much longer time He likewise reported that 
at blood levels greater than about i 5 units per cc , the heparin disappeared from the 
blood at a relatively constant rate This, of course, would result in an apparent 
proportionality between dosage and duration of hypocoagulability, if the time 
during which blood levels below i 5 units per cc could be detected were small in 
comparison with the total period of hj’pocoagulability 

It is e^ ident then that the constanc) of the ratio of dosage to the duration of 
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h\ pocoagulabilit) is more apparent than real How c\er, the ratio mi\ ha\csomc 
\ aluc when used m a stnctl) empirical manner 

The Combined Heparin Sensitivity Test 

Waugh and Ruddick^ have recentl) described a test for changes in the coigula- 
bilit} of the blood based on the effect of heparin on the clotting rime when added in 
Mtro De Takats’ test,^ on the other hand, is based on the response when the 
heparin is injected Such tests arc of value both as a possible indication of suspected 
thrombotic tendencies and as an indication of the dosage of heparin required The 
in \no test as suggested b) De Takats is essentially a heparin tolerance curac 
As IS evident from the previous discussion, this tolerance curv-e is established In 
two separate groups of factors The first is the coagulabilit\ of the blood itself 
This w ill determine both the value of the maximum clotting time and also at w hat 
lc\cl of heparin concentration in the blood it will be no longer possible to deter- 
mine the residual heparin present by means of clotting time determinations The 
second factor consists of those processes whereby the heparin activit) disappears 
from the circulation 

It would appear of value, in studies on heparin at least, to use a test which dis- 
tinguishes between and tests both of these factors This can be done b) determining 
the response of the individual to heparin added to the blood both in vitro and in 
\no B) thus using both types of response we can obtain a maximum amount of 
information regarding these s) stems Unfortunately, the incubation effect de- 
scribed abo\ e, which is effective in vivo, forbids the direct quantitatn c application 
in Mso of the data obtained in the ‘ in vitro test Variations in the rate of reaetion 
of heparin wuth the clotting factors (the so-called incubation effect) can prohibU 
be determined bs inspection of the initial portion of the in vi\o curse, howeser 
Tinall), the salue of both tests, and the information obtained from them, can be 
great!} increased b) suitable plotting on semilog paper to gi\c linear relationships 
In this was it is possible to obtain the maximum information from the few points 
which practical considerations allow one to determine 

In our laborators the test is actuall} conducted as follosss o, o z, o } ant i o 
units of heparin in o 3 cc of saline are taken in tubes in the coagulomctcr oc 
cubic centimeters of blood is drawn, as described under Mtthods, an 1 o cc is 
added to each tube, the first and last portions of blood being discarded Thee otting 
times of these samples are determined, establishing the m tttro cunt Thirtt unit 
Kg of heparin are then injected intraaenoush and the clotting tim,. etcrmin.^ 

at fi\c to ten minute internals This is usuall) repeated with a 100 units p 
togivetwoo inocurit! T\ pical results arc show n in figures 3 an q t is our 

prcssion that the first blood sample taken from an indnidual anima ^ 
clotting time than do subsequent samples We therefore prefer to use t is 
purposes or discard it when conducting clotting studies Jpo • n 

T! ' tljc't of at nthsjii 0} the clottn.gttrrc rcjporse to h'pann It has onp 

that anesthetics affect the clotting time It was ncccssarv, thetv t 

their effect on the test ^ senes of dogs, after repeated testing, 

and the response again determined The effect of a barbiturate so 
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bital) IS shown in figure 3 This anesthetic was given intravenously It can he seen 
that pentobarbital definitely increased the clotting time response This effect was 
relatively greatest, however, on the normal clotting time (without heparin) in- 
dicating a decrease in the coagulability of the clotting system This was evidently 
relatively independent of the action of heparin, since the two lines converged 
It can also be seen that the difference in the response in vivo after this anesthetic 
can be explained on the basis of this change in the coagulability of the blood 
Four dogs were tested for their sensitivity to heparin during anesthesia with 
ether by inhalation with the open mask method The results of these experiments 
were somewhat contradictory and did not show the reproducibility in the response 
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Fig 3 Effect of anesthesia with sodium pentobarbital on the heparin sensitivity test Left-hand figure 
IS for the in vitro test, right-hand figure for the in vivo test \ \ normal unanesthetized ani- 
mal • • same animal under pentobarbital anesthesia 

seen with the barbiturate anesthesia and the nephrectomy experiments to be dis- 
cussed later Two dogs showed no change in clotting time with ether, one showed 
an increase, the other a decrease Three of the four dogs showed a definite increase in 
sensitivity to heparin in vitro In all four dogs there was fairly close agreement in 
the response in vivo with and without the anesthetic It has been suggested that 
the effect of ether anesthesia on clotting is due to the liberation of adrenaline 
This would explain the variability in response as judged b) the heparin test Two 
dogs were anesthetized with urethane There was no change in clotting time of the 
animals but a definite decrease in heparin sensitivit) There was no change in the 
in vn o response 

It IS c\ idcnt from the abo\ c that the test is affected by anesthetics The \ ar- 
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labilitj under ether indicates that caution must be exercised in applying the test 
with this anesthetic However, the use of the test is possible following anesthesia 
with pentobarbital 

The effect oj treatment with tndta tnk on heparin sensitivity Various investigators ha\ c 
suggested a relationship between heparin and the reticulo-endothelial sjstctn 
Godlowski'^ originally reported that the injection of heparin resulted in a block- 
age of the activity of the reticulo-endothelial system as judged by the uptake of 
India ink Rigdon'® has recently completely failed to confirm this On the other 
hand, Knisely, Bloch, and Warner'® have confirmed it microscopically Volkcrt-® 
observed in rabbits that the injection of india ink caused the disappearance of lo 
per cent of the antithrombm, being the fraction in the blood considered by him to 
be heparin Also it prevented the rise in this fraction which he normally obscnxd 
after the injection of protein The effect of india ink, he concluded, was due to an 
effect on the red cells whereby thej could bind heparin 


Table 4 — fjjwf 0/ Indta Ink Injections on the Heparin Tests 


Exp 1 Dog 

Time after india inL 
injection 

In \itro test 

In mo lest 
Peat clotting time 

Duration 

Clotting Time 

Slope 

1 1 

: 


fntn 


min 

min 

35 E 1 

prcinjccnon j 

5 0 

1 64 

>60 

3 ^^ 

I 

10' 

5 4 

0 37 

— 


j 

3 hours 40' 

— 

— 

10 

43 

1 

6 da} s 1 

3 7 

0 96 

M 1 

19 

56 1 E 

prcinjecoon 

1 X 0 

z 30 

45- 

39 

1 

4 hrs 

3 7 

1 14 

IX 

i 3 

37 i F 

1 

prcinjccuon 

1 

i ^ ^ 

0 85 

16 

30 


4 hrs 

' 2 . s 

0 96 1 

4 

10 


A senes of dogs was standardized, and 5 cc of a 5 per cent suspension 0 in la 
ink (Higgins) was given intravenously The response of the animals to heparin 
was then again determined The tests were conducted at various times a ter tic 
India ink Immediately after the injection the blood was hypercoagulab - 
an extent that it was not possible to conduct the tests In onl) one case 
35) uas It possible to obtain a satisfactot)- heparin curve immediate i a ter 
injection The india ink had disappeared from the plasma ten minutes a ^ 
injection as judged bj the color of the plasma The most interesting an 
effect of India ink uas obser\"cd three to four hours after the injection 
of this are shown in table 4 At this time, a marked flattening o t 
heparin in % ivo w as observed as showm by the marked decrease m t j 

time The in Mtro test showed some decrease m the scnsituiti. 
eser, this did not alwa\s appear to be responsible for the mar c ^ ,, 

M\o curve The duration of the in \no test was decrease in f/ 

consistenth with the decrease in peak clotting time The norma ^ ^ 

the animal was lengthened The effect lasted partialh as ong a 

injection of the ink 
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The results resemble those of Volkert, suggesting an interference in the reaction 
of heparin with the clotting system rather than either a change in the coagulability 
(which would be demonstrated by the in vitro test) or a change in the ability of the 
body to inactivate heparin (which would be demonstrated by the duration of the 
hypocoagulability in vivo) Rather, there is an increase in the blood of nonspecific 
factors which interfere with heparin action Since blockade of the reticulo- 
endothelial system with india ink does not increase the duration of hypocoagulabil- 
ity after heparin injections, the rcticulo-cndothclial system is probably not in- 
volved in the disappearance of heparin from the circulation 



OC^ 05 (O O lO 20 30 40 

UNITS HEPARIN TIME AFTER INJECTION 


IN MINUTES 

Fio 4 Effect of nephrectomy and evisceration on the response to heparin Left-hand figure, in \ itro , 

right-hand figure m mso x x animal under pentobarbital anesthesia before operation, 

• — — • same animal after removal of the kidneys -J h animal under pentobarbital anesthesia, 

O - - - - O same animal after eMsceration 

Effect of iicfbrectomy aud evisceration on heparin sensitivity As shown in figure x, the 
anticoagulant action of heparin disappears rapidly from the circulation Howell 
suggested that heparin was excreted by the kidnej s, and evidence in favour of this 
view has been obtained by Wilander-* and Cople) and Schnedorf -- However, 
jaques' and Reincrt and Winterstcin"^ did not detect any excretion in the dog or in 
man As a more direct test of this problem, both kidneys were removed from four 
dogs under pentobarbital anesthesia These animals had been carefull) standardized 
on heparin and the heparin sensitivit) was again tested immediatel} after the oyiera- 
tion while the animals were still under the anesthetic The results of one experi- 
ment arc shown in figure 4 It can be seen that there is no change in the response 
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to heparin either in vitro or in vivo While the points of the in vitro curve do not he 
on the straight line as closely as is usually the case, there is no significant difference 
between the values before and after operation One animal showed an increase in 
clotting time and one showed a decrease, after the operation In these experiments, 
the curves after operation were simply displaced by a corresponding amount, in- 
dicating that there had been no change in sensitivity to heparin in vitro or in vivo 
Since the kidneys do not appear to be directly responsible for the rapid disappear- 
ance of hypocoagulability after heparin injections, the gastrointestinal tract was 
similarly investigated Three dogs were carefully standardized for the heparin test 
under pentobarbital anesthetic The gastrointestinal tract and related organs, in- 
cluding the spleen, were then removed Since removal of the liver is followed by a 
rapid fall in prothrombin, introducing a further difficulty in interpreting the test, 
care was taken not to damage the liver or hepatic artery After completion of the 
operation, a good pulse was observed in the hepatic artery The response of the 
animal to heparin was determined one hour and three hours after the operation 
Glucose was given postoperatively to two animals, but not to the third No differ- 
ence was observed in the response of the three animals 
The results obtained in one animal are shown in figure 4 After the operation the 
animal’s blood was hypcrcoagulable, as shown by the lack of response to heparin 
added in vitro The response in vivo was also changed A much greater peak clot- 
ting time was obtained This was to be expected, since in removing the viscera we 
also removed a large proportion of the effective blood volume, so that the heparin 
concentration of the 30 unit/Kg dose was proportionately much greater when 
calculated as units/cc of blood However, the clotting time returned to normal 
in 35 minutes, compared with 30 minutes before operation It is evident that the 
gastrointestinal tract likewise is not responsible for the disappearance of heparin 
from the circulation 


Summary 

I The relationship between clotting time and heparin dosage has been studied 

in the dog r j u 

z On the addition of heparin to blood in vitro, a linear relation is foun etwee 

heparin dosage and the logarithm of the clotting time obtained 
of the blood sample to the action of added heparin is influenced both y t ^ 
vidual (coagulability of the blood before withdrawal) and by the technics 0 
drawal and of determination of the clotting time It is indicated ^ 

in the latter may be used to extend the range of measurable hypocoag a 
to heparin Incubation of heparin with blood for ten nunutes increases 

coagulant effect . fifteen 

3 When moderate doses of heparin are injected intravenous y, 
minutes are reqmred for the clotting time to reach a maximum o 
biphasic response was obtained The maximum clotting time o jue to the 

than It is with the same amount of heparin added to the b 00 m ’ 
effect of incubation of heparin with blood on its anticoag an 
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terval required for the clotting tune to return to normal is quite short, and with a 
given dosage is constant with different animals Factors influencing the relation 
between duration of hypocoagulability and dosage are discussed 

4 A test has been devised to determine the sensitivity of the ammal to the anti- 
coagulant action of heparin The clotting time response to certain concentrations 
of heparin added to the blood in vitro is determined A fixed dose of heparin is then 
injected intravenously and the clotting time response is again determined The 
response in vitro measures the sensitivity of the clotting system to heparin, while 
the in VIVO response, when interpreted in the light of the in vitro response, meas- 
ures the ability of the body to remove heparin from the circulation 

5 By means of this test, it has been determined that anesthesia with pentobar- 
bital decreased the coagulability of the blood, urethane had no effect on coagulabil- 
ity, while the effect of ether was variable The injection of india ink and eviscera- 
tion caused a hypercoagulability, while removal of the kidneys had little effect 

6 When the sensitivity of the blood to the anticoagulant action of heparin was 
tested during these procedures, pentobarbital and nephrectomy had no effect, ether 
caused an increase in sensitivity, urethane a decrease The injection of india ink 
and also evisceration markedly decreased the sensitivity of the blood to the anti- 
coagulant action of heparin 

7 Anesthesia with pentobarbital, ether or urethane, the injection of india ink, 
removal of the kidneys, or removal of the gastrointestinal tract, had no effect on 
the duration of heparin action in the body 
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RESPONSE OF TROPICAL SPRUE TO VITAMIN B^, 

By Tom D Spies, M D , and Ramon M Suarez, M D 

T hroughout the world the macrocytic anemias are of great interest to 
physicians Sprue, perhaps the most common syndrome in this group, has a. 
geographic distribution restricted to India, Ceylon, the Malay States, the Philip- 
pine Islands and, to a lesser extent, the Southern United States and the countries 
bordering or near the Caribbean sea After Minot and Murphy* demonstrated that 
liver was effective in promoting blood regeneration in persons with Addisonian 
pernicious anemia, it was found that tropical sprue could be treated with liver and 
liver extracts with some success In recent years two pure chemical compounds, 
pteroylglutamic acid (folic acid) and 5-methyl uracil (thymine), have been shown 
to be effective in the treatment of sprue - * Still a third chemical substance, vitamin 
Bi 2, has recently been isolated which is infinitely more potent per unit of weight 
than liver extract, folic acid, or thymine, but it has not been synthesized, and at 
the present time it is available only in small amounts for experimental use This 
compound, shown by Shorb'* to be a growth factor for Lactobacillus lactis Dorner 
and to bear an almost linear relationship to the potency of concentrated liver ex- 
tract, was isolated from liver by Rickes, Brink, Koniuszy, and Folkers ® West® 
has demonstrated its positive hemopoietic action in three cases of pernicious 
anemia Spies, Stone, and Aramburu^ have reported both a hematologic and a 
clinical response in two cases of pernicious anemia, rw'o cases of nutritional macro- 
cytic anemia, and one case of nontropical sprue Spies, Garcia Lopez, Milanes, 
Lopez Toca, and Culver® have reported a hematologic and clinical response follow- 
ing Its administration to two cases of tropical sprue The present communication is 
concerned with the response of five cases of tropical sprue m Puerto Rico to vitamin 

Bjo 

These patients were selected for stud) using the following criteria (i) The pa- 
tient must have macrocytic anemia as determined b) Wintrobe indices (z) The 
bone marrow must show the t) pical megaloblastic t) pc of maturation arrest seen 
in macrocytic deficiency anemias (3) the erythroc)tc counts must be bclo\% z 5 
million (4) The patient must be untreated, or must not have been treated recenth 
enough to interfere in an^ wa\ \Mth the evaluation of the vitamin Bi« (5) He 
must have pcrsistentl) lo^^ reticuloc)tc counts during the preliminar)' period of 

From the Nonhwe^tern Unner'iitt Department of Nutrition and Metabolism and the School of Trop- 
ical Medicine of Puerto Rico 

This Studs was aided b\ a grant from the Martha Leland Sherssin Memorial Fund 
The \itamin Di- was furnished h\ Dr \uguvtus Gibson, Merck A Compans Inc 
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observation (6) He must have alimentary tract symptoms consistent with diag- 
nosis of tropical sprue 

Hematrocnt studies were made using pipets certified by the United States Bureau 
of Standards The hemoglobin content was determined by means of the Photovolt 
photoelectric hemoglobinomcter, calibrated so that 14 5 grams was equivalent 
to 100 per cent The reticulocytes were counted in dry preparations of brilliant 
cresyl blue counterstained with Wright’s stain Platelets were enumerated in the 
counting chamber used for red blood cells by means of a fresh solution of sodium 
citrate 

Sternal bone marrow was obtained by aspiration prior to treatment and again 
near the peak of reticulocytosis 

Gastric analyses were performed in each case 

On admission the patients were given the ‘preliminary” spmc diet previously 
described® and were maintained on this diet throughout the period of study 
After the baseline studies were completed, the five patients selected were treated 
and the results are shown in figures i, a, 3, 4, and 5, which illustrate the hemato- 
logic response in each case 

Observations 

Reticulocytosis occurred in each case and usually began around the fourth day, 
being followed by erythrocytosis and hemoglobin production Coincidental with 
the reticulocytosis, climcal improvement occurred in cases i, a, 3, and 5 This im- 
provement was characterized in each patient by a gam of strength and a great 
increase in appetite and feeling of well-being As can be seen by a glance at the 
figures, the red blood cells and the amount of hemoglobin increased after the peak 
of the reticulocytosis, but in no instance did these patients respond maximally 

In case 4, receiving 4 micrograms of vitamin B19, it is questionable whether the 
response which occurred was due to the very small amount of vitamin B12 ad- 
ministered This case responded in a characteristic way to large amounts of pteroyl- 
diglutamic acid (fig 4) 

Case 3, who responded both clinically and hematologically to a single dose of 
2.0 micrograms of vitamin B12, ate 400 grams of liver fifteen days later A spectacu- 
lar improvement occurred (fig 3), this figure also shows the subsequent response 
to the administration of pteroyltriglutanuc acid 

It IS of considerable interest that after a second injection of vitamin Bjo in case 5, 
she again responded well A similar response was noted following additional in- 
jections of vitamin B12 in cases i and z Not only was there an additional increase 
in blood values, but additional clinical improvement occurred and the alimentary 
tract function tended to return toward normal as the bowel movements decreased 
in number and the stools became darker and better formed 

SuMMARl AND CONCLUSIONS 

These findings show that the administration of vitamin B12 to patients with tropi- 
cal sprue was followed by general clinical and hematologic improvement provided 
the dosage was adequate A single dose of 4 micrograms admimstered in case 4 
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produced little or no change The larger dosage of io-L 5 micrograms administered 
in the other cases was accompanied by striking increase in strength and vigor and 
a decrease m the diarrhea, however, in no instance was a maximal dose given and 
these patients quickly tended to relapse clinically and hematologically They 
could be relieved promptly again either by another injection of vitamin or 
by a compound of folic acid (The conjugated compounds of folic acid used in these 
cases were used for experimental purposes, and they produced the same hematologic 
response as that of folic acid per se ) Case 3, who had an excellent hematologic 
response after eating one serving of 400 grams of liver, is regarded as especially 
significant in that it suggests that, as powerful as vitamin B12 is as a therapeutic 
agent, it is more effective when given with liver It is especially noteworthy that 
cases I and x, who had three injections of vitamin Bu, have had steady clinical 
and hematologic improvement The reader should have in mind that a single 
injection of approximately 100 micrograms of vitamin B12 probably would be 
needed to produce a full hematologic response in persons so ill This tentative ap- 
praisal would suggest that this therapeutic compound, per unit of weight, is more 
effective in treating human disease than any compound that yet has been used 
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ADULT GAUCHER’S DISEASE, WITH SPECIAL REFERENCE TO THE 
VARIATIONS IN ITS CLINICAL COURSE AND THE VALUE OF 
STERNAL PUNCTURE AS AN AID TO ITS DIAGNOSIS 

By J Groen, M D , and A H Garuer, M D 

G AUCHER’S disease is a rare, often familial disease, distinguished by the 
presence of characteristic cells in the organs of the reticulo-endothelial 
system (spleen, liver, lymph glands, bone marrow) The protoplasm of these 
cells has a typical cytologic appearance due to the presence of a special lipoid , 
the so-called Gaucher substance or kerasin 

The increase in our knowledge of the underlying pathologic process has gradually 
facilitated the possibility of a clinical diagnosis during life Gaucher® described 
the disease in i88x as an “idiopathic hypertrophy of the spleen, without leu- 
kemia,’’ but he mentioned in his paper that in the course of the disease the liver 
also became enlarged Another sign, the swelling of lymph glands, has proved of 
little diagnostic value as the swollen glands are usually situated inside the body 
An important observation, of help in diagnosis, may be a peculiar yellow pig- 
mentation which develops lo some of the cases on the face and in the conjunctivae 
mj the form of wedge-shaped pingucculae Blocm, Groen and Postma* and 
Kveim^^ drew attention to the presence of a characteristic pigmentation that 
occurred fairly commonly on the lower legs in their patients suffering Gaucher’s 
disease If present, this pigmentation is almost pathognomonic of this condition 
Bloem, Groen and Postma^ described a few other minor signs that might be of 
additional help in the diagnosis, viz , the presence of a peculiar malar flush and 
the occurrence of myopia 

Examination of the blood may yield further useful information a hypochromic 
anemia with leukopema and thrombopcnia are usually present, the cholesterol 
content of the blood is normal or very often, low However, this hematologic 
syndrome occurs also in other conditions associated with splenomegaly so that its 
diagnostic importance is not decisive The majority of patients exhibit some degree 
of hemorrhagic diathesis 

X-ray examination has supplied us with another means of supporting a chnical 
diagnosis of Gaucher’s disease Some of the early investigators, most notably 
Brill, Mandlebaum and Libman,® demonstrated that Gaucher cells accumulate in 
various parts of the bones where they ultimately produce macroscopic areas of 
bone destruction Further experience has shown that these bone lesions, although 
they may occur almost anywhere, show a prediliction for certain areas The head 
and neck of the femur arc often affected, which gives rise to a ti pical x-ra) picture 
The lower ends of the femora often contain so man) Gaucher cells that the) become 
swollen and present a shape similar to an Erlenmc) cr flask 

Even in the presence of these clinical signs, hove\cr, a diagnosis of Gaucher s 

From the Department of Medicine Uni\ersit\ of Amsterdam, Wilhelmina Gasthuis 
Publication of this rejxirt was delased b\ the war and the occupation of The Netherlands 
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disease could very often not be made with absolute certainty The introduction 
of the sternal puncture was therefore a great advance It is the purpose of this 
paper to present some cases of Gaucher’s disease with special reference to the im- 
portance of sternal puncture as an aid to the diagnosis At the same time this will 
give us an opportunity to describe the clinical features which these cases presented 
Some of the cases have been described by others/ and by one of us/ 

years ago and it seems appropriate to present their development since that time 


Case Reports 


CASE I 


Mrs E R B , born in 1890, a Jewish mamed woman, was first seen in the out-patient department on 
anuary 3, 1938 

History The patient had always been a wcab girl When she was 13 years old she nonced a lump 
in the left side of the abdomen which grew slowlj during the years that followed A ceadcaq to biced 
manifested itself at an early age, later on bleeding was especially troublesome after tooth extractions and 
during menstruation In 1911, svhen she was 31 jears old, a splcncctom) w as performed b) Dr Pimentel 
On microscopic examination this spleen was found to contain the typical Gaucher cells * 

After the operation her condition remained fairly satisfactory until 3 )cars before admission, when 
she began to suffer from palpitation, dyspnea on exertion, and a persistent cough Occasionally she 
would bring up some sputum, sometimes blood-stained The urine had become scarce and darker than it 
had formerly been She was thirsty but had not noticed any swelling of the feet 

The family history did not reieal other cases of a similar nature The patient s father died of cancer 
of the rectum, her mother of apoplexy Both died in a hospital, no enlargement of the spleen or Iivct 
had been found in these individuals The patient s husband, two sisters, one brother and her two c 1 
dren, 13 and 19 years old respectively , were also examined by us None of them showed any of the c m 
signs of Gaucher s disease 

Physical examination The pauent appeared weak and in a rather poor nutritional state 
marked cyanosis of nails, cars, lips and checks The entire skin had a somewhat yellowish tinge 
conjunctivae showed ty'pical pingueculae There was bilateral my'opia .. 

The heart was markedly enlarged toward the left, the apex-beat was visible in the antenor ax 
line The right border extended I cm outside the right sternal line All heart sounds were lou ,t 
mitral and the second pulmonary sounds were especially' accentuated There was normal 
both chest fields anteriorly, but posteriorly there was dullness on the right side, reaching o 
of the 7th thoracic vertebra downward On auscultation, fine crepitant rales could be ea 0 
lungs, over the right lower lobe the breath sounds were diminished The abdomen show a 
scar The liver was enlarged and firm and reached downward to the umbilicus typi^l 

The right lower leg showed pigmentation of the skin due to the appheauon of heat 
Gaucher pigmentation was not present The blood pressure was normal Morphologit^ 

The urine contained some albumin per cent), an excess of urobilin and some casrs^ ^ 
blood studies showed hemoglobin, 110 per cent, erythrocytes, 5,530,000, and eu 
cholesterol, lipoid phosphorus, and lipoid nitrogen content of the blood plasma were jjstruction 

The x-ray picture showed a diffuse dccalcification of the bones but no localize are The 

c heart appeared displaced and/or dilated to the left There was fluid in the rig 


The 


or cot 


pulmonary artery was abnormally prominent 

Sternal puncture revealed many typical Gaucher cells . jjjnosis or 

The clinical diagnosis was Gaucher s disease with a tentative diagnosis o jjjpposed that the 
pulmonale due to increased resistance of blood flow in the smaller circulation Jungs It 

obstrucuon in the smaller arculauon was due to an accumulation of Gauc er re 

* The specimen was demonstrated by M Elshout in a meeting of the Neth 
aety * 
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Significant that in this case (where the spleen had been removed) leukocytosis was present instead of the 
usual leukopenia The thrombopcnia, however, persisted after splenectomy 

The condition gradually became worse On August to, 1938, the patient was admitted to the hospital 
This time there was fluid on both sides of the chest During her stay in the hospital the pauent had re- 
peated attacks of sc\crc dyspnea with extreme cyanosis She died suddenly during one of these attacks 
Her age at death was 48 years 

Permission for postmortem examinauon could not be obtained, but punctures of the liver and the 
sternum were performed immediately after death In both, Gaucher cells were found The number 
of these cells in the bone marrow appeared to be far greater than in the liver 

CASE z 

Mr Fa , a Jewish lawyer, born in 1901, of German origin, was first seen on October zy, 1937 
History The pauent had no complaints at all unul 193Z, when he began to suffer from pain in the 
right leg, which started m the buttock and radiated toward the foot The pain disappeared after a period 
of rest in bed In 1933, he had similar pains in both legs, which disappeared spontaneously after ten days 
In May, 1934, the same pain, which he considered to be sciatica, recurred in the left leg, this time it 
stayed there All movements in the left hip joint became increasingly difficult, it was impossible for him 
to cross his legs when sittmg Now and then he felt distmct crepitauon in the left hip joint on movement 
In October, 1934, he also experienced pam in the right side of his back The local doctor suspected 
gall stones and sent him to a roentgenologist The night before the x-ray examination, the patient took 
tctraiodo-phenolphthaline and the following mornmg he went to the hospital without breakfast He 
cannot remember what happened to him that morning, but apparently he arrived at the hospital in a 
dreamlike state The x-ray picture was made, but the pauent s memory returned only when, after coming 
home at II 00, he took his breakfast He then told his family that he had to go to the hospital for the \- 
ray picture, he had no idea that he had already been there No gall stones were found on this occasion 
Subsequently he has had similar states of mental confusion Finally, they occurred almost eicry mornmg 
between awakening and breakfast After breakfast the symptoms disappeared A sister of the patient 
noticed that during these trances his pupils became enlarged and that the patient perspired and trem- 
bled all over At this ume the pauent was examined m Dusseldorf where the diagnosis of cerebral tumor 
was made Lumbar puncture showed a normal result Afterwards an enlarged spleen %\as found and a 
diagnosis of leukemia was put forward The patient thereupon r\cnt to Frankfort where a lois blood 
sugar was found during the attacks The spells disappeared after administration of glucose, thej could 
be induced b) injection of insulin Consequently , a diagnosis of islet cell tumor of the pancreas i\as es- 
tablished In the same hospital an arthritis deformans of the hip joint ^Mth destruction of the head 
of the femur was also found for which an orthopedic support as prescribed 

As the condition became worse, the pauent was operated on and a tumor the size of a nut was re- 
mosed fi'om the pancreas On microscopic examination this appeared to be an islct-ccll tumor After 
this operation the attacks of hypoglycemia disappeared An explanation for the enlarged spleen was not 
found, the condiuon of the left leg remained unchanged * 

Fanuly history resealed that the patient s father died of arteriosclerosis, his mother of kidnes 
trouble One sister has gall stones She showed no clinical signs of Gaucher s disease on examination 
by one of us One brother is suffering from Gaucher s disease The diagnosis was established on clinical 
grounds and xcrified bi sternal puncture elscxshcre A second brother is reported as suffering from a 
slightly enlarged spleen and a moderate secondari anemia A third brother died w hen he w as fi\ c months 
old A cousin on the maternal side also suffered from Gaucher s disease, the diagnosis x\as said to base 
been established by pathological examination of an extirpated spleen 

Physical txamiiiatian The patient appeared in a modcratch good state of health The skin of the face 
was \xllow, but there was no jaundice Small pingucculac were present in both cics Skin and mucus 
membranes were somewhat anemic Around both cars the skin showed some xitiligo The skin of the 
entire bod\ was somewhat pigmented, probabix partK due to exyiosurc to the sun Examination of the 
exes rexcaled a bilateral mxopia of z 5 diopters Otherxxisc, neck, heart and lungs xxcre all normal The 
abdomen was diffusclx sxxollcn The fixer xxas palpable, txxo fingers bcloxx the cosul margin, xxith 

* The case up until this stage has been described bx Reiter 
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rounded edge and smooth surface The spleen was markedl) enlarged, the organ reached downward to 
the level of the umbilicus and had a rounded edge Both organs were firm in consistcncj and not tender 
The left leg was considerably shorter than the right, it was supported b} an orthopedic apparatus 
All movements m the left hip joint were restricted, cspcciall) adduction and rotation Movement m the 
right hip was completely free There was no tenderness on pressure There was no abnormal pigmentation 
of the legs Refleves were completel} normal 



Fio 1 , Case 1 Localizbe) Areas of Rabshcation in hoth 


rate was nofiaa* 

The urine contained some urobilin but no further abnormalities The sedi 4,70°. 

The blood picture showed hemoglobin, 85 per cent, erj-thtocytes, (.jioJcstcrol ‘ 

platelets decreased The lipoid spectrum showed free cholesterol 44 5 hpoid phosplm™ 

mg per cent, total cholesterol 143 6 mg per cent, lipoid nitrogen X4 7 

6 xg mg per cent, total lipoid and fat (without cholesterol) 169 flattened and partb dcstrm 

On roentgenological examination the head of the left femur appea 
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In the head and in the shaft of both femora several areas of rarefaction tiere present (fig 1) The lot\er 
ends of both femora viere swollen, (fig the left tibia showed several areas of decalcification (fig 3) 
Microscopic examination of the sternal marrow showed the typical Gaucher s cells 



Fio Case 1 Locauzed DECAuancATios iv doth Tibiae 

The patient \sas put on a \egctanan diet Except for occasional periods of sciatica he had been 
rclatitelt free from stmptoms when in 1940 he suffered a spontaneous fracture of the shaft of the right 
femor which brought him to the hospiul again It was then found that the bone lesions had increased 
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m many areas The fracture was treated by surgical extension and healed with satisfactory callus forma- 
aon (fig 4) However a bone abscess formed on the spot where the nail had been driven through 



Fio 3, Case z Localized Decalcification in both Tib 


have been Gaucher cells 

the head of the tibia The pus contained some large pale cells that stationar) Later he gate 

The abscess healed after drainage and the patient s condition since has condition 

up the diet and this did not seem to make any difference in the slow cours 
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Fio 4, Case 2. 

Spontincous fricturc healing sMth callus formation of the right femur Localized decalcification and 
swelling of lower end of the femur (Erlcnmet er flash appearance) 

CASE 3 

Mr FI , a 30 tear old Jewish business man of German birth presented himself for the first time on 
March ^5 193S 

Htston For one scar he had had increasing difficults m walking because of pain in the left knee and 
left buttock, which had become almost unbearable in the last few months The patient did not present 
these complaints in connection ssith another disease from which he had been knots n to base suffered 
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for at least twenty years Since that time he had seen several doctors, because of frequent hemorrhages 
from the nose, diarrhea and occasional fever He had been told that he had a large liver and spleen 
There were no known cases of a similar disease in his family His mother was evammed and found to be 
normal His father had died from a heart attack The patient was an only child He was married to a 
normal wife He had one child, a boy, five years old, who was found to be normal 

When the patient was lo years old he was operated on for appendicitis In 1916, he suffered from peri- 
carditis Tonsils and adenoids had been removed in 1916, the operation was followed b) severe hemor- 
rhage 

Physical examination The patient appeared to be in moderately good health He had a mj opia of both 
eyes CD-4) There were no pingueculae, the pupils were normal There was no abnormal pigmentation 
of the face Mouth, throat and neck were normal The abdomen was grcatl) distended The spleen pro- 
truded from under the costal margm and reached almost the inguinal ligament The liver was also en 
larged and firm and almost reached the umbilicus 

Reflexes were normal The left leg was about i cm shorter than the right Movement in the left hip 
)omt was extremely painful and greatly restricted There was pain on pressure in the hip and in the grom 
There was no abnormal pigmentation on the legs 

The urine contamed some urobilin, but was otherwise normal The stools contained no occult blood 
The sedimentation rate was 12. mm after one hour (Westergren) The blood picrure showed hemoglobin, 
64 per cent, erythrocytes, 3,400,000, and leukocytes 3,000 Only a few thrombocytes were present in 
the smear Calcium, morganic phosphate and phosphatase and nonprotein nitrogen values in the blood 
were normal The lipioid spectrum was essentially normal free cholesterol, 55 6 mg per cent, cholesterol 
esters, 66 6 mg per cent, total cholesterol, iia. x mg per cent, hpoid phosphorus 6 51, hpoid mtrogen 
2.7 81 mg per cent, total hpoid fats (without cholesterol) 2.76 mg per cent The patient was put on a 
low calcium diet for balance studies No abnormalities in the excretion of calcium or phosphate in t e 
feces were found, but the exaetion of calcium in the urine was low, 44, 58 and 94 mg per 24 hours, re 
spcctively, on three consecutive days , 

X-ray exammauon showed destruction of the head of the left femur Sternal puncture reveae e 
presence of many Gaucher cells , 

Course The left leg was immobilized in a plaster cast After six months the local condiuon 
proved The pam disappeared, and except for occasional attacks of sciatica the patient 
go about his business From 1939 onward he began to suffer from attacks of severe pain ^ ^ ^ 
of the chest and abdomen, which were followed each time by periods of fc\er On one occasion a sp 
friction rub was heard It was felt that these attacks were due to splenic mfarcts with 
attacks recurred so often that the pauent was practically confined to bed In view o 
splenectomy was performed in June of 1941 The operation was cx-trcmcly difficult due to exte 
hesions between the spleen and the diaphragm Profuse bleeding occurred, and the could 

hours postoperauvely, m spite of repeated transfusions Permission for postmortem exa 
not be obtained The spleen showed the typical picture of Gaucher s disease camp fru® 

investigation was interrupted when the chemist was deported to a German concen 
which he did not return The dried spleen was lost on this occasion 


4 who was not Jr"''**’’ 

W de B , born in 1909, a male office clerk, aged X5, the only patient m this ^jjjuis because of 

was first seen by one of us in February 1934, when he was admitted to the mne 

abdommal discomfort For seieral )car5 he 

History Apart from scarlet fever, diphtheria, and measles, he had 
had noticed an increasing tendency to bleed His sister, the only livmg mem r 

There was no histor)^ of any other member of the family having 'Both ejes were m)op® 

Physical examination There was a slight malar flush and bilateral pmgu ^ anterior super’ 

The chest was normal Both the liver and spleen were enlarged, the lattCT sharp!) at the ° 

iliac spme His legs showed a peculiar patchy brown pigmentation whi thromboc) top'O’*) ' 

each foot The urine was normal For laboratory exammauon (leukopenia 

reader is referred to the first publication * 

* This case was reported (Case 5) b) Bloem, Groen and Postma 
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Since 1934 his condition remained fairly satisfactory on a vegetarian diet, but on June a8, 1938, he 
was admitted to the depanment of medicine of this hospital because of sudden severe pain in the sacral 
region after slight trauma 

On physical examination, it appeared that the liver and spleen had increased m size These organs 
were in close contact in the left mamillary line, where they could be felt to rub agamst each other A 
typical friction rub could be heard over the spleen The pigmentation of the legs had also increased in 
area and intensity 

Liver function tests (galactose and bromsulphalein excretion) were normal Vandenbergh (indirect), 
o 96 mg per cent Sedimentation rate, 61 mm after one hour 

The blood picture showed hemoglobm, 59 per cent, erjthrocytcs, 3,100,000, and leukocytes 1,100 

Differential 


Segments 

61 

Stabs 

2. 

Monocytes 

5 

Lymphocytes 

^9 

Eosinophilcs 


Basophiles 

I 

Thrombocytes 

80,000 


Toxic granulauon in about 30%, marked anisocytosis, poikilocytosis and polychromasia 


In 1934, a diagnosis of Gaucher s disease had been made on clinical grounds only, this time a sternal 
puncture t%as performed The t)'pical cells were found 

X-ray examination showed no gross abnormality of the bones The pain in the back disappeared 
rapidly after rest in bed and physical therapy 

The patient went home without pain but otherwise his condition had remamed unchanged He was 
a great bclieter in the fatorable influence of a purelj vegetarian diet on his condition His diet consisted 
of whole wheat bread, oleomargerine, )am, vegetables, potatoes, peas, beans, nuts and fruit He gradually 
lost a good deal of weight on this diet He developed muscular atroph) and his muscular strength dimin- 
ished markedly He also de\ eloped pitting edema of the feet The possibilitj that this might be due to 
a lack of animal food was pointed out to him but he continued on his exclusne \egcublc diet He died 
at his home in 1939 in a state of general exhaustion, possibl) from protein deficiency 

CASE 3 

R P , a 43 ) car old Jewish single female school teacher w as admitted in 1938 for recurrent attacks of 
sciauca These attacks had started fi\ c ) ears ago in the right leg, lasting onl) for about a fortnight The 
pain radiated from the bunock along the back of the leg to the lateral side of the lower leg Later she had 
similar periods of pain in the left leg Graduall) the pain became more sc\crc, it lasted a longer time and 
the patient could hardh walk 

Apart from this she had \cr\ few complaints She had noticed that her abdomen was a slittlc swollen 
but she had attributed this to her getting fat She had also noted a tcndcnc) to bleed, which was cs- 
pccialh cumbersome during menstruation 

Physical examination rescaled m\opia, malar flushes, a somewhat increased second pulmonic sound, 
enlarged spleen which reached down as far as the umbilicus, a Iner which was about i or i fingerbreadths 
enlarged, and 1 diffuse scllowish tinge of the skin of the whole bods There ssas a tspical Lassegue sign 
bilatcralls Reflexes and sensitisits sscrc normal Mosements such as turning around in bed, sserc cx- 
trcmcls difficult The blood picture shossed leukopenia and thrombopcnia, ssith little or no anemia 
Numerous Gaucher s cells ssere found in the sternal raarross 

Family histcr) did not reseal ans knossn cases of Gaucher s disease The patient s mother had died 
of carcinoma of the uterus The father ssas examined and found to be normal She ssas one of tsselse 
siblings Tsso of the siblings ss ho could not be examined had a suspicious histors of Gaucher s disease 
The disease hosseser ssas found ssith certaints in a sounger brother (case 6) 

Ceurse The patient s condition fluctuated sshen one das she des eloped a ts-pical biliars colic s ith 
laundice She ssas operated upon and a c^Hbladder full of stones ssas remosed She made a satisfaacrs 
rccosers but her sciatica kept on troubling her from time to time In 1945 she ssas arrested bs the Ger- 
mans and transferred to a concentration camp from sshich she returned ssith a pulmonars tuberculosis 
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,, CASE 6 

M P , a brother of Case 5, a ^x-year old married Jewish business man, had no complamts One year 
ago he had had an attack of sciatica which lasted for only ten days 

On physical examination, the spleen was found to be rwo fingerbreadths below the costal margin and 
the li\cr waSjOnc fingerbreadth enlarged He had myopia and malar flushes exactly similar to those of 
bis sister These flushes were not presented in the nonaffected members of the family Sternal puncture 
revealed Gaucher cells His wife was examined and found to be normal Two children, 6 and 3 jears old, 
respectively, were apparently normal 

The patient s condition was followed He had no complaints when he was seized by the Germans and 
deported to Poland He did not return 


CASE 7 

A X , a Jewish girl, bom September 15, 19x3, was seen for the first time in January, 1939, through the 
courtesy of Professor Van Creveld * 

History When she was two years old, a swelling of the abdomen was noticed Professor de Lange, who 
was the first to make the diagnosis in 19x9, found an enlarged spleen and liver, hj’pochromic anemia, 
leukopenia and thrombopenia, with marked hemorrhagic diathesis There were no changes in the bones 
at that time Gradually the rj-pical Gaucher pigmentation developed on both legs 

The diagnosis of Gaucher s disease could be made with certainty because in a sister (E X , Case 8) 
splenectomy had been performed and Gaucher cells had been found in the spleen 

Since the report in 1931 by de Lange,*’ the patient s illness progressed steadily ** so that when we saw 
her the liver and spleen had become excessively enlarged There were also radiologic signs of involvement 
of the bones In the sternal marrow many typical Gaucher cells were found 

Course The condition had become gradually worse when the patient and her parents were deported in 
194X to a German concentration camp from which they never returned 


. CASE 8 

E X , a Jewish girl, born March 19, 19x7 She is g sister of the patient reported above (Case 7; 
She was also described in de Lange s papers She was first seen in April, 1939, through the courtesy 0 
Professor van Creveld 

History This child showed an enlargement of the spleen at an early age Splenectomy was perform 
in 1930 and Gaucher cells were identified in the spleen A detailed chemical examination of the spleen 
was earned out by Westenbrink” who isolated and identified kerasin 

In ■1938, she began to complain of pain in the left leg, and fever Extensive cysthke rarefications were 
present m the x-ray pictures of the left femur Similar attacks of pain recurred regularly 

Physical examination The patient showed slight generalized swelling of the lymph glands and a very 
large Iner of firm consistency, reaching down to the umbilicus Both lower legs showed the 
leaden brownish-grey pigmentation Liver function tests were normal It is curious to note that in t ^ 
case (as in Case i where splenectomy had also been performed) the typical leukopenia was rep ace ) 
slightly high leukocy te count The blood picture was as follows hemoglobin, 80 per cent, erythrocy 
4,570,000, leukocytes, 10,400, platelets 1x0,000 


Differential 
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The blood chemistry findings were essentially normal 
typical Gaucher cells 

Course This girl shared the fate of her sister 
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Sternal puncture revealed the presence of many 


* Cases 7 and 8 have been described by de Lange and Heilbron ’’ 
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CASE 9 

The occurrence of Gaucher s disease in o sisters (Cases 7 and 8) naturally focused our attention to 
the possible presence of the disease in one of the parents Both had been examined in 1531 by de Lange 
and on that occasion had not shown any physical abnormalitj 

On re-examination, the father (P X ) had no complaints at all In addition to a chronic bronchitis, 
we found pingueculae on both eyes and a few scattered grey spots on the skin of the legs 

The mother (E X -C ) ga\ e a history of prolonged bleeding after slight injury and during menstrua- 
tion No abnormalities i\ere found on physical examination 

Hematologic examination in both cases j lelded normal results 

Sternal puncture was carried out in both parents No typical Gaucher cells were found but the father s 
marrois contained a rather high percentage of unclassified cells of the type most authors would call 
reticulum cells or stem cells Some of these resembled in appearance Gaucher cells but they were smaller 
in size The nuclei of these cells were rather small and in some cells they were shifted to the petiphery 
The protoplasm stained faintly and was inhomogenous in character It contained a few irregular vacu- 
oles Occasional!) the cytoplasm resembled in its structure compressed tissue paper Because of the 
presence of these cells it was felt that the father of cases 7 and 8, who did not show the clinical charac- 
teristics of Gaucher s disease, actually suffered fi-om that disease in a mmor degree Apparently it was he 
i\ho had transmitted the disease to two of his children where what had been a latent abnormality in his 
case had given rise to a severe clinical picture at an early age in theirs 

The family tree of Cases 7, 8 and 9 could not be completed The two girls had three brothers All were 
examined clinically and by sternal puncture In no way was any evidence of Gaucher s disease obtained 
in them Other members of the family on either the father s or the mother s side could not be examined 
So far as could be ascertained by questioning, there was no case with the clmical features of Gaucher s 
disease among them 


Clinical Symptomatology 

The cases here presented, together with those earlier described by one of us* 
illustrate most of the salient features of the disease Many climcians who have 
not had a wide experience with this rare malady think of Gaucher’s disease as a 
more or less fixed clinical picture The reverse is true There is a remarkable varia- 
bility in many respects The disease may make its onset early in infancy, in child- 
hood or early or late in adult life Its progress may be slow or rapid but it is im- 
portant to know that its course is always progressive ‘Spontaneous remissions 
occur during times when the patient may be relatively or entirely symptom-free 
but the objective findings have never been observed to regress As a matter of fact 
It is the rule that patients do not develop any complaints at all until relatively 
late, when the spleen and liver have already increased to a considerable size During 
the silent' or subclinical ’ stage the subject is unaware of his condition until a 
medical examination happens to take place In some instances of the present series 
the disease was discovered only when the relatives of a known case were examined 
Although the disease process seems to be going on continually, the rate of pro- 
gression varies considerably from patient to patient The earlier the onset, the 
more rapid seems to be its course Cases observed early in infancy almost invariably 
die within the first year'®, persons with Gaucher s disease in childhood seldom 
grow older than 50 years, when the disease becomes manifest late in life it does not 
seem to shorten the lifespan of the individual 

The localization may also show considerable variation Although spleen and 
liver are the most prominently involved it is probably safe to say that Gaucher s 
disease hardly ever spares the bone marrow However, the presence of the Gaucher 
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cells does not necessarily upset the macroscopc structure of the bone, and thereby 
the disease may escape detection by radiologic examination, even when bone- 
marrow puncture or postmortem examination^ proves that the cells are there 
In the later stages, when massive aggregations of the cells occur, the bones usually 
show generalized or local osteoporosis Even in the advanced cases, however, the 
degree of macroscopic affection of the bone is variable and through this we may 
encounter considerable variations in the clinical picture Repeated attacks of low 
back ache, radiating along the sciatic nerve, either unilaterally or bilaterally, 
may be the first complaint (cases 5 and 6) Or patients suffering these “osseous 
forms’ ’ may enter the hospital with a spontaneous fracture (case x) or for what seems 
a purely orthopedic problem like ‘ arthrosis” of the head of the femur (case 3) 
Bone abscesses occurred in case x and 7 

Next to localizations in spleen, liver and bones, foci of Gaucher cells have been 
found in the lungs, the kidney,® and the brain,®® but these sites are rare 

Complications are frequent in this disease and they also depend on the varied 
localization Pigmentation of the legs has been referred to®, it occurs relatively 
late in the disease and has been observed to disappear Cachexia supervenes in the 
long standing cases Case i died under a clinical picture of cor pulmonale, possibly 
due to accumulation of Gaucher cells in the lungs Other cases we have seen had an 
increased second pulmonary sound, as a possible indication of pulmonary hyper- 
tension Most remarkable was the combination of Gaucher’s disease with an islet 
cell tumor of the pancreas in case x The clinical picture in case 3 was dominated 
by the successive episodes of splenic infarcts which gave rise to pcrisplemtis an 
adhesions around the spleen Bleeding from these adhesions after splenectomy 
caused the death of this patient Case 5 suffered mainly from symptomatic 
sciatica ” She also had gallstones, a combination we have seen in other cases 
She later developed tuberculosis as did Gaucher’s original case ® In two 
this series a splenectomy was carried out successfully The impression was 
the operation does not significantly alter the course of the disease It 
not stop Its progress Interestingly enough, these patients 
a slight but permanent leukocytosis, whereas the thrombocytopenia an 
rhagic diathesis remained Our experience confirms the opinion of several aut 
that splenectomy should be carried out only if the spleen itself gives risc^ ^ 
symptoms which justify its removal If a patient, as was instanced wit 
has had repeated attacks of perisplenitis, the surgeon should be prepa 
extensive adhesions between the spleen and the diaphragm This situation ^ 

with the hemorrhagic tendency caused the death of case 3 Trcatmcn 
purely vegetarian diet appeared to be just as unsatisfactory as cutting 

of our cases have been treated with this diet The assumption waj possible 

down the exogenous supply of lipoids in the diet, a slowing \,oTt\c 

storage of the Gaucher substance could be induced The result ^ 
out any support for this hypothesis and it is not unlikely t 
diet has hastened the death in case 4 
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The Sternal Marrow in Gaucher’s Disease (fig 7) 

In all our cases, the sternal puncture was carried out in the maoubrium Films 
were made and stained with the May-Grunwald-Giemsa stain We recommend 
that several tbm films be made The cells should be looked for especially at the 
end of the smear The best search for the presence of Gaucher cells is made with a 
low power lens without oil immersion (fig 5) The typical cells will catch the 
eye at once by their unusual size, usually 30 or 40;^, although there may be con- 
siderable variation in size The cells possess one or two nuclei that are usually 
situated eccentrically In the smaller Gaucher cells, the nucleus is sometimes in 
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Fio 5, Case 3 The aspect of the sternal marrow smear under low power The Gaucher cells catch the 
eye b} their large size 


the center, in the larger ones it is always displaced toward the periphery The 
nuclei are relatively small with a well-stained nuclear membrane They often 
contain a nucleolus The nuclei of the Gaucher cells resemble the nuclei of those 
cells in the bone marrow which are referred to by some authors as reticulum cells, 
by others as stem cells, and which arc found in a small number in normal bone 
marrow As a matter of fact, it is not unusual to find an increased number of these 
reticulum cells in the marrow smear of patients with Gaucher s disease Even more 
commonly one finds cells that are somewhat intermediary in type between the 
reticulum cell and the Gaucher cell They have the size of the reticulum cell, or 
are a little larger, the protoplasm has the faint staining of the reticulum cell but 
It IS more meshy in structure If theA*^ were seen in normal bone marrow one would 
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call them reticulum cells, in the presence of typical Gaucher cells, one is inclined 
to regard them as small atypical Gaucher cells They are probably reticulum cells 
that have taken up less kerasin and therefore have not changed in type as com- 
pletely as the typical Gaucher cell They be might called early” or ‘ young” 
Gaucher cells This view is in accordance with the opinion of most pathologists. 
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Fio 6, Case 3 Gaucher cells under high power illustrating the wrinkled tissue ^ 

the protoplasm Note that there is a marked difference in size amongst the Gaucher ce s 

who have found similar transitory types between Gaucher cells and re 
cells in the spleen and therefore regard the Gaucher cells as a trans orm 
ulum cell ([Mandlebaum and Downey^®) g£ ^jjc ccH 

The cytoplasm of the Gaucher cell occupies by far the larger ^ coar>^ 

body. It stains slightly gray or bluish In the typical cells it s 
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mesh as if it consisted of compressed tissue paper (fig 6) Sometimes the proto- 
plasm contains vacuoles so that it resembles foam cells Erf® by the use of the supra- 
vital staining technic has shown that these vacuoles are artefacts produced during 
the fixation process The cytoplasm of the Gaucher cell does not stain with any 
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Fig 7, Case 3 A dravsing of the sternal marrow in Gaucher s disease Three Gaucher cells are drawn 
separatel) under high power 

of the known dyes, neither does it take the sudan or Goldman’s lipoid stain or 
oxydase stains The protoplasm does not show double refraction All these proper- 
ties fit in with what we know about the characteristics of the lipoid kerasin that 
has been isolated from organs containing Gaucher cells 

Man} authors have reported the finding of Gaucher cells in the bone marrow of 
living cases Some have used biopsies of the tibia, but the majority have 
preferred to use sternal puncture ® -- ® Only in a vety few cases 

has the puncture failed to reveal the presence of the typical cells Indeed, one might 
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very well call the sternal puncture the only method that will enable the clinician 
to establish a positive diagnosis of Gaucher s disease with certainty The cells 
distinguish themselves from all normal bone marrow cells with great ease by their 
size and structure The only difficulty that might present itself is in differentiating 
the cells from the large cells that occur in Niemann-Pick's disease, but the proto- 
plasm in the Gaucher cells is characterized by a fibrillar, meshwork, whereas the 
Niemann-Pick cells have a foamy appearance 

It is sigmficant that one also finds the Gaucher cells in the matrow in those cases 
where no gross lesions seem to be present in the bones on x-ray examination This 
proves that in most cases the cells are almost universally scattered throughout the 
boce marrow It is only in those places where the cells accumulate closely enough 
to produce atrophy of the bony trabeculae and thinning of the cortex that a 
“nidus" of some magnitude is formed It follows that the distinction between 
visceral types and osseous types of the disease^'* has only a relative, and no ab- 
solute, meaning In fact, cases 7 and 8 were described first as purely visceral in 
type while marked bony lesions developed later This happened in two sisten, 
while splenectomy had been performed in only one of them Splenectomy appar- 
ently was useless as a measure against the progression of the disease in the 


bones 

The importance of sternal puncture as a diagnostic procedure in Gaucher s 
disease manifested itself especially in the eludication of the hereditar) mechanism 
in cases 7, 8 and 9 Neither father nor mother of the girls showed clinical cvidcna 
of the disease, yet the fact that two of their children were affected could only 
interpreted by the assumption that one of the parents was a ‘ carrier By t 
detection of atypical reticulum cells, resembling Gaucher cells in the fathcrj 
bone marrow, this assumption was substantiated This, then, appears to be one 0^ 
the most important advantages of the sternal puncture, viz , the possibi 1 
establishing an early diagnosis in individuals where the clinical 
fully developed In this connection, the cases of Vogel, Erf and Rosenth 1 
and Schleicher, and Morgans-® are especially interesting These paticnK 
no enlargement of spleen and liver (as yet) but only involvement 0 t c 
Without sternal puncture the diagnosis would have been impossible 

Emile-Weill, Isch-Wall and Perles®® have advocated splenic and 
punctures as diagnostic procedures As a matter of fact, hepatic puncture 
by one of us® on a former occasion However, we feel that the 
has all the advantages of ease and safety and none of the drawbac s a^^^ 
with the splemc or hepatic puncture in these patients in whom we mow 
is a tendency to bleed 


Summary , 

U rh the ^ 

The authors present nine cases of Gaucher s disease in wnic 
peered on clinical grounds, was definitely established by the etec 1^^^ ^gj-ictics o( 
cher cells in the smear of the sternal marrow The authors review puncwm 
the clinical picture in this disease They discuss the importance 0^^^^ subclmm^* 
with special reference to the possibility of establishing the lagn 


cases 
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THE HEREDITARY MECHANISM OF GAUCHER’S DISEASE 


By J Groen, M D 


T he number of cases of Gaucher s disease that have been described up to the 
present time is about 150, but it is probable that many more cases have been 
observed Collier s case’^ was probably the first in which more than one member of 
the family was found to be affected After him, Bovaird,'* in 1300, described the dis- 
ease in two sisters Since then, the familial occurrence of Gaucher s disease has been 
noted by several observers About one-third of the published cases have occurred in 
members of the same family so that a hereditary factor is undoubtedly present 
However, the family trees which have been published are quite few, and the exact 
mechanism by which the disease is inherited is still unknown 
The present author has observed xi cases of Gaucher’s disease Seventeen were 
familial and occurred in six different families Four more cases in these families 
could not be examined but the available evidence was sufficient to accept them as 
cases of Gaucher’s disease, which brings the total number of familial cases dis- 
cussed in this report to X5 Four other patients were seen in whom no other mem- 
bers of the family were affected These were considered to be so-called ' sporadic 
cases The clinical features of our patients have been described elsewhere ’ Mt is 
the purpose of this paper to review the scanty data on the heredity of Gaucher s 
disease from the literature and to present the ffimily trees of the cases which have 
been observed by the author In reviewing the literature excellent summaries have 
been found in the papers by Brill, Mandlebaum and Libman,^ Hoffmann and 
Makler,“ Rowland,*^ Reiss and Kato,’"* De Lange,’” Atkinson^ and Thann 
hauser Atkinson s admirable review of the cases of Gaucher s disease describe 
in children appeared in 1938 and has been especially valuable 
In considering the familial cases in the literature, one is impressed by the follow 
ing facts 

I There have been 64 familial cases reported which occurred in twenty fi^^ 
families The inclusion of the cases described in this report would bring the to 
up to 89 in thirty-one families 

X In twenty-three of the families in the literature, the disease occurred 
horizontal’ spread only By this is meant that the disease appeared to be 
in the members of one generation only, namely in brothers and sisters or m j 
but not in parents or grandparents or in the offspring of the patients 
liarity in the familial incidence of Gaucher s disease is underlined mas 
by Hoffmann and Maklcr that in no senes of children has either of . 

suffered from the disease nor has it been transmitted from any adult to a 

3 In only two families was there a ‘ vertical” occurrence descripc s 

families the disease was found to be present in two generations, namely, ^ 

case, in a father and his daughter,’® and in the case described by ^ ^ (-jjird 

father and three of his children ® Quite recently Morgans’ “ Ffti 

From the Second Medical Service, Wilhelmina Gastbuis, Amsterdam, Holland 
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family in which there was suggestive evidence of a vertical spread of Gaucher’s 
disease 

4 In these instances of a ‘vertical ’ transmission there was a direct continuity 
of the disease from one generation to the other Only one example of “skipping” 
of a generation has been described in a paper by Anderson ^ This case is often 
quoted but the evidence offered does not seem convincing Anderson observed four 
sisters with Gaucher's disease The father and mother of these patients were found 
to be normal The grandparents were not examined but it was reported that the 
paternal grandmother and two of her sisters had large abdomens and a yellowish 
brown discoloration of the skin and died of a common cause The author did not 
go beyond suggesting the possibility that the grandmother and her sister might 
have had the disease It would seem that this evidence is too scanty to warrant the 
far-reaching conclusions that have been drawn from it by some authors * ^ lo 

5 The disease does not show a preference for cither sex Atkinson found among 
io8 cases in children, 50 males and 53 females, the sex of the other 5 cases was not 
given Of the author s present series of X5 cases 14 were males and ii females 

6 Marriage between relatives had not taken place in the ancestry of any of the 
reported cases of Gaucher s disease 

7 In the families in which Gaucher’s disease occurred, there have been a num- 
ber of normal siblings as well as affected cases 

8 Little is known of the offspring of patients with Gaucher’s disease Many of 
the cases die before they reach the reproductive age, others do not many or if mar- 
ried have no children Furthermore the incidence of abortions and of stillborn 
babies among the offspring of the reported cases of Gaucher s disease seems to be 
unusually high 

The survey of the author’s cases confirms many of the points mentioned above 
In addition it contains some data that may help to answer some of the questions 
that remained open so far 

Description of Families Observed by the Author 

FAMILY A 

H U , a Jewish merchant, aged 49, was admitted in February, 1934 He had a typical clinical picture 
of Gaucher s disease and the diagnosis was established by pathologic examination of a liter biops) The 
patient s father committed suicide No further information about him was atailable His mother had 
died of old age The famil) doctor assured us that he had neter found a large liter or spleen in her Two 
brothers and two sisters were examined and found to be normal His ttife ttas normal She had had no 
abortions They had ttto children, both died shortl) after birth 

He IS an example of a sporadic case, the only one of fite siblings, originating from tthat appeared 
to be normal parents, who had Gaucher s disease The fact that both his children died shortlt after birth 
IS probably significant 

family b (fig i) 

No medical information ttas atailable concerning the grandfather (la) of this familt He had been 
mimed ttt ice His first wife ttas reported to hate died of apoplexy Nothing was known about his second 
wife 


* In the paper bt Dlocm, Grocn and Postma,’ it ttas said that Anderson s familt suggested that the 
inheritance of Gaucher s disease might be of rccessite character Blocm and Postma now agree with the 
author that this statement should not hate been made 
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He had three children b)' his first marriage 01 1-3) 

11 1 Female, unmarried, died in 1931, aged 75, of degeneratne heart disease She had been repeatedly 
hospitalized and no signs of Gaucher s disease were found on any occasion 

II 3 Female, still alive, 75 years of age ivhen we examined her She \sas found to suffer from gall 
stones and chronic cystitis but there ssas no evidence of Gaucher s disease Her daughter OH 8) and tuo 
grand-daughters 0^ i4~i5) were examined and found to be normal 

II I Male, died in 19x2., aged 6z, of pulmonary embolism, after prostatectomi He had once been told 
by a doctor that he had a big liver but the surgeon who operated on him had found nothing abnormal on 
an (admittedly superficial) examination of the abdomen He had had no abnormal tendency to bleed 
His wife had a mild diabetes but otherwise she was found to be normal Thev had eight children (onl) 
seven of whom are represented in figure i) 

111 j Female, 51 years old, was found to ha\e a chronic cystitis but was otherwise normal, as wae 
her three children (IV 1-3) 


I 

I 

I 

E 

Flo I Family B 



111 2 Female, was known to her doctor to have a very large spleen and leukopenia She su 
nosebleeds She died at the age of 36 from a severe postpartum hemorrhage on giimg birth to ^ 

child This fifth child died of unknown cause one day after birth The other four children were 


be normal We feel that she very likely had Gaucher s disease 

111 } Male, had frequent nosebleeds and hemorrhages after tooth extraction 


No clinical signs of 


Gaucher s disease were found Both his sons were normal ctrical pig 

111 4 Female, a typical case of Gaucher s disease, with a very large spleen and liver, sy m 
mentation of the legs, bone lesions and tyqiical blood findings She is unmarried children 

Ills Male, was found to have a slight glycosuria He was otherwise normal, as were 

111 6 Male, was found to be normal He was married but had no children 

111 7 Male, married, was found to be normal, as was his only child, a daughter , 

Not included in figure 1 is one other female, who was found to be normal, as was 


son 

. From the second marriage of I l, also sprang three children rmatioa obtained 

11 4 Female, had five children None of these could be personally cxamin jny of them 

from fanuly doctors and from hospital records revealed no evidence of Gaucher rJnnfithcn hehadaM'' 

II s Male, died suddcnl) at the age of 50, probably of coronary occlusio p eleven 

been a healthy man His w ife had had hypertension, she died of apoplexy c> 

III 14 A schizophrenic who always refused medical examination He died of s 

111 IS, id, 17 Died during the first days of life 

111 jS Male, unmarried, was found to be normal firmed by the surgeon " 

111 If Female, found to have a very enlarged spleen and liver, this was 
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she was operated on for gall stones She had a tendency to bleed In 1937 she died of subdural hematoma 
after an insignificant trauma of the head Although we were not able to examine her personally, she very 
probably had Gaucher s disease She was married but had no children 

III 20 Female, in 1936 she vias reported by Bloem, Grocn and Postma’ as having gall stones but being 
otherwise normal Since then the patient has withdrawn her former refusal to be examined The present 
author has had an opportunity to examine here She had a definitely enlarged spleen but refused labora- 
tor\ examinations She suffers from nose bleeds She has two children CfV 16-17) ft tvas not possible to 
examine them but they are reported as being normal 

III 21-22 Were either abortions or dead children This could not be ascertained with certainty 
III 2} Male, was found to have an enlarged spleen and liver, myopia and malar flushes, leukopenia 
and thrombopcnia He refused sternal puncture We regard him as very likelj' a case of Gaucher s disease 
He was unmarried 

III 24 Male, died at the age of 13, after splenectomy The diagnosis of Gaucher s disease was made by 
pathologic examination of the spleen after operation 

II 6 Female, was normal, as were her six children (III x5-3o) None of them had attained the marrying 
age 





Fio X Faxaly C 


The interesting points in this family tree are 

I Gaucher’s disease appeared among the cousins of two families who were 
imited only by one grandfather who had been married twice Yet this man, who 
was the only link between the affected families, was apparently not a sufferer, nor 
were his two sons, who were half-brothers However, these men Ql z and II 5) 
produced two and four children, respectively, who had the disease in a marked 
degree 

z One of the sufferers who married (III z) had one child that died shortly after 
birth Furthermore, no less than 5 cases of early infantile death or stillbirth oc- 
curred in the offspring of II 5, although he was not a clinical case but only a trans- 
mitter 

3 A high proportion of the patients in this family were unmarried, or they were 
married but had no children As a result, no cases of Gaucher s disease occurred in 
the fourth generation 

4 The normal members of the third generation all had normal children (if they 
had an3') The few Gaucher patients who produced offspring had one stillborn bab) 
and also some normal children 

FAMILY c (fig z) 

M S male a 65 \car old merchant, \^a•; admitted in Notember of 1934 Twentt tears pre- 

Mouslt he had had a sc\cre hemorrhage after an operation for hernia and subsequenth had bleeding of a 
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marked degree with every wound or dental extraction At the time of this operation no abnormalities 
were found on physical examination, but he now had a large spleen and liver, pingueculac, myopia, malar 
flushes, pigmentation and a typical blood picture of Gaucher s disease Nothing was known about his 
father or mother One brother died in an accident Two others, aged 75 and 69, were examined and found 
to be normal The patient had one daughter, who refused examination, and two sons The elder son, aged 
30 was found to ha\e bronchitis, pigmentation, malar flushes, myopia, pingueculae, and an enlarged 
spleen The younger son, aged 17, had the same signs but showed in addition early pigmentation of the 
legs and a typical blood picture The older son was married but had no children The younger son was 
unmarried Neither of them had any complaints at the time of examination 

This family is remarkable because the diagnosis could be established in the father and two sons The 
disease manifested itself in the father late in life At the age of 45 nothing abnormal was found in this 
man In his sons, howexer, the clinical picture was already full) developed at the age of 30 and 17 years, 
respeaively 


FAMILY D 

A 40-ycar old Jewish housewife, who was known for man) )ears to ha\e a swollen abdomen and pig 
mentation of the face with malar flush On examination she was found to be a typical case of Gaucher s 
disease Her father and mother, aged 62. and 60, respectively, were normal on physical examination She 
had one sister who was also normal She was married but she had no children This patient was regarded 
as a so-called spioradic case of Gaucher s disease 

FAMILY E 

Male, aged 15, non-Jcwish, was admitted in 1934 with a typical picture of Gaucher s disease 
he was readmitted and the diagnosis was established by sternal puncture Nothing was known al»ut ^ 
parents, who were both dead His sister, the only other living member of the family, was foun 
normal He married but he never had any children He was another example of a sporadic case 
produced no offspring * 


FAMILY F 


Mrs E R B , ajewish married woman, born in 1890, had had her spleen removed in 191a. 

of Gaucher s disease was made on the specimen She came under our observation in 1938 * P* 

cor pulmonale The liver was enlarged Gaucher s cells were found in the bone marrow ^ j 24^ yi 
father had died of carcinoma of the rectum, her mother of apoplexy Both had died m a osp 
largcment of the spleen or liver had been found in cither of them The patient had anc 

brother, who were all found to be normal Her husband w'as also normal as were her two 
19 years old, respectively She had had no abortions She was considered to be a spora 
chcr s disease 


FAMILY G C^G 3) 


ealiTg^ 


f d to have an 

Mr Fa , a Jewish lawyer, born in 1901, was examined in 1937 He was oun found in th' 

spleen and liver, pigmentation and areas of destruction in the bones Gaucher s cc ^ go id" 

bone marrow Curiously enough, this patient had also harbored another I!!l hTmothcr of 
cell tumor of the pancreas The patient s father had died of artcrioscler , clinical esani 

ncy trouble One sister has gall stones She showed no evidence of Gaucher s 1^^^ clinical ground* 

ination One brother IS suffering from Gaucher s disease The diagnosis was esta is a slighd) 

and verified b) sternal puncture elsewhere A second brother is reported as su j}ic pane”' 

larged spleen and a moderate secondary anemia A third brother died when 5 

was unmamed 1 ,, j h solecn removed, a 

This patient further told us that a cousin on the maternal side had a is have nor 

of Gaucher s disease had been established by pathologic examination o t e s 

able to verify this statement 

* The cases described so far arc the same as those in the publication by 
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FAMILY H 

A 30 ) car old Jew ish business man, born in 1908, was examined in 1938 He was a t) pical ease of Gau- 
cher s disease, with enlargement of the liicr and spleen, hemorrhagic diathesis, and involvement of the 
bones Gaucher s cells were found in the sternal marrow His mother was examined and found to be nor- 
mal His father had died from a heart attack He was the only child He was married to a normal wife 
He had one child, a boj , 5 years old, w ho was found to be normal This man was regarded as a sporadic 
sc of Gaucher s disease 



I 

I 

IK 



Fig 4 Favolv I 


FAMIL-i I (fig 4) 


I / A retired Jewish butcher who died aged 81., had a chronic bronchitis and inguinal hernia No signs 
of Gaucher s disease were found in him during his life His wife had died of caranoraa of the uterus An 
internist who had examined her scicral times told us that he had neier found a large spleen or an\ other 
abnormalities which could ha\c indicated the presence of Gaucher s disease The\ had i_ children 

II I Male 55 sears old, ssas found to be normal, as were his two children 19 and 17 scars old, re- 
spcctiscls 

U . Male S s ears old died of carcinoma of the colon No es idence of Gaucher s disease had been ob- 
sersed in this man bs the surgeon who operated on him His onls child a son ssas examined and found 
to be normal 

11 } Female died in 19 x 7 xS sears old, after an operation for carcinoma of the os ars Nocsidcnceof 
Gaucher s disease ssas found but the famils had noticed that she had the same malar flushes as the sib- 
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lings II 5, II 8 and II 9 She was myopic She died on the day of operation, possibly of an internal hcraor 
rhage No further c\ idence could be obtained and the presence of Gaucher s disease in her case must be 
regarded as suspicious She was married but had no children 

11 4 Female, unmarried, was not on speaking terms with an) other member of the family She could 
not be traced for examination 

11 ; Male He emigrated from Holland to the USA at an early age He could not be examined He 
was said to suffer from nose bleeds, and he had the same peculiar malar flushes as the affected siblings 
His wife was apparently normal Their first baby was stillborn After this his wife had two abortions 
We cannot go bey ond suspecting Gaucher s disease in this case 

11 6 A bo) , died at the age of 1 years 

11 7 Male, was examined and found to be normal except for an ulcer of the duodenum His only child, 
a daughter, 7 years old, was normal 

11 5 Female, was first seen by us in 1938 She complained of set ere sciatica She was found to have an 
enlarged spleen and liter, and lesions in the lumbar vertebrae, the sacral and the iliac bones She had 
malar flushes, myopia and a tendency to bleed Blood picture showed leukopenia, hypochromic anemia 
and thrombopenia Typical Gaucher s cells were found in the sternal marrow In addition, she was found 
to hate gall stones Later she developed pulmonary tuberculosis She was unmarried 

11 p Male, who had never been examined previouslv On examination he was found to have pinguc 
culae, pigmentation of the skin, malar flushes, myopia and an enlarged liter and spleen One year before 
examination he had suffered from sciatica but this had disappeared without treatment Gaucher s cells 
were found in the sternal marrow His two children (III 8-9) were found to be normal 

11 JO A boy, died at the age of 4 months 

11 II Female, was found to be normal, as was her only child 

11 iz Male, had vague abdominal complaints, no clinical signs of Gaucher s disease were foun 1 
wife had had two abortions There were no children 


This family presented 'horizontal spread ” In the second generation there were 
two proven cases of Gaucher’s disease and two individuals who could not be»^ 
amined but in whom there was a justified suspicion of the disease Neither 0 
parents of these cases had shown clinical evidence of Gaucher s disease All 
of the normal members of the second generation, who had produced children, 
a normal offspring This one exception was an apparently normal man (II 
wife had two abortions One of the cases of Gaucher’s disease in this ami y 
normal children One of the suspected individuals had produced no live c 1 
one stillborn baby and two abortions The ‘ reproduction balance 10 t 
was From 8 normal individuals in the second generation sprang 5 norma 
and z abortions, from z patients plus z suspected cases sprang z norma 
one stillborn baby and two abortions, so that in the third generation 
case of Gaucher s disease left 


FAMILY J (fig 5) 


exanuBi^ '9^^ 


I fTC CX*“* 

Two Jewish girls, sisters (A X and EX) born in 1913 and i 92 . 7 > respective y , ' jjuxjmbopc’'*, 
A X had an enlarged spleen and liver, malar flushes, h> pochromic anemia, ^ i^[l5 ^TCfC foa® 

hemorrhagic diathesis, bone involvement, and typical pigmentation lyTiica 
in the marrow jod kcrasm 

E X underwent splenectomy in 1930 Gaucher s cells were identi ^ malar boar 

isolated from the specimen She had swelling of the liver, transient P’^^"L,^ntin the bone 

involvement, anemia, thrombopenia, but no leukopenia Gaucher s ce s wer Her scnnial 

The mother of these girls (I x) was found to be normal on clinica cu ^ 0 

normal The father (I i) had bilateral pinguccuIac and a few Jn the sternal mi'® 


was 


legs His liver and spleen were not enlarged The blood picture was 
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a few abnormal cells were found that might have been called reticulum cells or stem cells but the faintly- 
stained protoplasm was nonhomogeneous in character, and resembled in its structure compressed tissue 
paper It was felt that these is ere actually small Gaucher cells and a diagnosis of subclmical Gaucher s 
disease was established No other case was found in the family, although three brothers of the patients 
were examined clinically and by sternal puncture 

This then was a family in which, what seemed to be at first the sporadic occur- 
rence of Gaucher s disease in two sisters could be explained by unmasking the 
father as a subclmical case or an almost normal ‘carrier ” It seems significant that 
whereas this man had no clinical evidence of the disease at the age of 39, both his 
daughters were already affected as children and showed signs of steady progress of 
the disease * 

I 


I 

1 2 

Fig 5 Family J 

Discussion 

The familial occurrence of Gaucher’s disease without clear-cut transmission in a 
vertical line from parents to children has puzzled many observers It has given rise 
to peculiar theories which challenge the established laws of heredity Rowland,^® 
for instance, writes As Gaucher s disease is a constitutional anomaly, that is, a 
mutation in the human species that follows Mendelian law, it is sometimes inher- 
ited reccssively and sometimes shows dominant characteristics 

The concept of Gaucher s disease as a mutation is founded on its being a congen- 
ital anomaly of a sudden occurrence However, a mutation, once it has established 
Itself, would be expected to be transmitted as a constant entitj from parents to off- 
spring Actually, very few instances have been observed in which a patient with 
Gaucher s disease has transmitted the disease to his offspring This is, in the first 
place, due to the fact that many cases of Gaucher s disease occur m children who die 
before they reach the reproductive age Among the cases that reach maturit), a 
number remain unmarried and among the married patients there is a remarkabh 
high incidence of abortion, stillbirth, and of children a%ho die shorth after birth 
For the rest, a certain number of normal children haie been obsenxd among the 
offspring of patients with Gaucher s disease This, hot\e\cr, cannot be an argu- 
ment against the hcrcditari character since, e\cn if a disease is dominant, it will 
affect onl) 50 per cent of the offspring All these points, ciident from the litera- 
ture, tvcrc confirmed bi the genetic data here presented 

* The belonqing to the families F toj ha\c been described b\ Garrer and G-orn * 
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Obviously, Gaucher’s disease has a tendency to extinguish itself If the disease 
IS present at birth, death seems to result within a year If it begins in childhood, 
death occurs in the first or second decade In young adults the disease can be com- 
patible with life for many years, but the affected offspring die before or shortly 
after birth and only the unaffected children survive ’The only cases, therefore, 
which arc left to study the transmission of Gaucher’s disease from a parent to his 
children are those in whom the disease manifests itself late in life 

An example of this situation is furnished by Family C The father was a very 
mild case When he was 45, he apparently had no clinical evidence of Gauchcr’s 
disease and the abnormality was discovered only when he was 65 years old In his 
case, the disease had been so mild that it had not interfered with his reaching an 
advanced age and it had apparently permitted transmission to two children who 
survived The transmission in this family was of a simple dominant type It is signi- 
ficant that whereas the father developed clinical manifestations of the disease at 
the age of 65, both sons had already showed a marked enlargement of the spleen at 
the ages of 30 and xy, respectively Apparently the disease became more serious m 
the second generation * T^is suggests that the frequent occurrence of abortion and 
stillbirth in the offspring of patients with Gaucher s disease may be due to the fact 
that the disease makes its appearance in the affected children at an age so early that 
It has a lethal effect, either during the intrauterine development or shortly there- 
after 

Family B shows another interesting aspect of the hereditary mechanism Here 
the disease was present in a number of cousws of the same generation It seems an 
inevitable conclusion that the affected members of this family inherited their is 
ease from the only ancestor they had in common It so happened that they sprang 
from different grandmothers but from the same grandfather This grandfat c , 
therefore, must have had the genes abnormality 

We arc forced to conclude that he transmitted the disease to bis sons, 
fathered the affected siblings It is interesting that neither this grandfather nor 
two sons exhibited any sign of Gaucher's disease during life, and as 
concluded that the disease is dominant, the only explanation left is that au 
disease might be present in a carrier individual in a mild, subclinical 
thermorc one gets the impression from the data available that after every 
tion the disease increases in severity until after two (or possibly more; ^ 

the anomaly is so severe that it manifests itself clinically From 
would depend on the seventy already reached whether one more affect^ 
can be produced which can still survive In the end, however, the mu a^^^ 
comes incompatible with reproduction or life, and thereby cxtingui^^ members of 
high number of miscarriages, stillbirths and early deaths among 
Family B is in harmony with this hypothesis 

♦ This statement was strikingly demonstrated in the study of a recent case of 
in a boy of 16 His parents were apparently in excellent health, but shoued shgf’' 

splenomegaly in the mother, both by palpation and by x-ray examination ^if the 

kopenia, and the sternal marrow aspiration showed numerous Gaucher s 0 

negatne This woman must be defined as a carrier since she had alw*vs 
appeared to be in excellent physical condition Editor 
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A proof for this concept could be found in Family J Here two girls were affected 
at an early age The parents were seemingly normal, but the discovery of early 
Gaucher’s cells in the bone marrow of the father unmasked him as a ‘ subclinical 
case” who acted as a carrier of Gaucher’s disease In Family I this proof could not 
be furnished because none of the parents was alive when the family was studied 
Several further points emerge from this hypothesis It is possible, e g , that what 
are commonly regarded as so-called ‘ sporadic’ cases of Gaucher s disease may be 
individuals who acquired the disease straightway in a serious degree as the first 
mutation It is also possible however, that many of these only manifest a disturb- 
ance which was already present in a subclimcal degree in one of their parents who 
acted as a carrier 

Apart from the peculiarity that the disease tends to increase in severity in suc- 
ceeding generations, the mechanism of transmission in Gaucher’s disease appears 
to be following the genetic rules for one simple dominant trait Strictly speaking, 
one would expect that in that case 50 per cent of the offspring would be affected 
Actually, the number of siblings in the families described above is too small to 
decide this point The patient in Family A had two children, both of whom died 
shortly after birth and were presumably affected Two of the three siblings of the 
patient in Family C had the disease In these two families the incidence of Gau- 
cher s disease among the offspring seemed higher than 50 per cent In Family I 
about half of the patient s offspring were either abortions or stillboms In the 
Families B and J, however, the incidence of affected individuals among the off- 
spring of the patients was less than one-half of the siblings and the patients F and 
H had one child each, neither of whom were affected The total ‘ reproductive 
balance” of all the families was about as follows Of 18 adult patients (including 
the two suspected cases from Family I) 9 were unmarried and 4 were married but 
had no children, giving an incidence of infertility of ya per cent The remaining 5 
patients produced x abortions, 4 stillborn babies, 4 individuals with Gaucher’s 
disease and 16 normal individuals The incidence of affected or stunted individ- 
uals among the offspring of the Gaucher cases was therefore almost 40 per cent A 
theoretic figure of 50 per cent, to be expected if Gaucher s disease were inherited as 
a simple dominant trait, might be reached if a larger number of families were in- 
vestigated but in view of the high incidence of infertilitj it is doubtful if this figure 
would actually give a true picture of the situation Among 15 normal members of 
the same generation as the patients, who reached the reproductive age and of whom 
we examined the offspring we found only i who were unmarried and x who ere 
married but had no children The incidence of infertilitj among this control group 
was x6 per cent The remaining 9 persons produced x abortions, no stillborn babies, 
no cases of Gaucher s disease and xo normal individuals The incidence of stunted 
individuals among this group \%as onl> 9 per cent 
One of the important results of the present ina estigation is the demonstration 
of the subclinical or carrier state in the father of Famih J b\ examination of the 
sternal marrow This makes it impcratne to use this technic in c\er\ generic in- 
xcstigation of Gaucher s disease Unforrunatch shorth after this was realized the 
German in\ asion of the Netherlands occurred and almost all of the Jewish person: 
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described in this paper were seized and deported to Poland where they were exter- 
minated As a result the author was unable to perform sternal punctures on the 
seemingly normal individuals in these families It is hoped that others who have 
an opportunity to carry out similar investigations will complement their clinical 
studies with marrow puncture Whether healthy individuals in whom early 
Gaucher cells are found by this technic should best be named subclinical cases” 
or ‘ carriers ’ is a matter of philosophy 
The substrate of Gaucher’s disease is a disturbance in the metabolism of a special 
lipoid, kerasin It is commonly assumed that this lipoid is a product of metabolism 
somewhere in the body which cannot be destroyed by the lack of some enzyme and 
IS consequently stored in the reticulum cells Another possibility is that there is 
an increased production of the substance inside these cells themselves However 
this may be, the seriousness of the disease depends on the total excess of kerasin 
that IS present in the body A small quantity of this substance inside the reticulum 
cells of spleen, liver, bone marrow, etc does not result in appreciable harm It is 
only when excessive amounts arc present that the liver and spleen become en- 
larged, destruction of bone marrow occurs and a serious condition arises It seems 
a likely supposition that Gaucher s disease is due to a deficiency of some specific 
enzyme The seriousness of the disease would depend upon whether the enzyme 
is only somewhat diminished in quantity or totally lacking It seems that as the 
disease is transmitted, the quantity of this hypothetical enzyme diminishes in the 
next individual This concept is in harmony with what we see in many other 
hereditary diseases, where what is merely an innocent trait in a parent becomes 
an actual disease in the offspring Gaucher’s disease is also another cxampc 
indicating that hereditary diseases can occur in varying degrees of severity )us 
as acquired diseases, a concept which many physicians still realize insufncicn y 
Finally, attention should be drawn to the frequent occurrence 
and mild diabetes m the families with Gaucher s disease, both m the affcctc 
in the normal siblings 


Summary 

The author reviews the literature of the familial incidence of Gaucher s 
Almost all the familial cases which have been described occurred in t e^^^ 
of one generation (siblings or cousins) only To these cases report m 
ature the author adds X5, of which 4 were sporadic’ cases The ot cr^^^^ 
occurred in 6 families The pedigrees of these families arc presente 
analysis of the available data the author presents the following hypot cs 

hereditary mechanism in these families transmitted as a 

Gaucher’s disease is a mutation which, once established, is ^^^^5 rise 

simple dominant hereditary trait In the affected individuals t is tr^^ j^crasm 
to a disturbance of lipid metabolism which results in the tnay vat) 

in the reticulum cells throughout the body The seventy o t pcrasio 

considerably It can be present in such a slight degree that In 

accumulated during life is too small to give rise to clinical mani onl) 

cases the progression may be so slow that the disease become 



J GROEN 


IZ49 

old age, provided the affected individual lives long enough In these "subclinical 
cases,” a diagnosis of Gaucher’s disease can sometimes be made bp the detection 
of ‘early Gaucher cells in the sternal marrow Individuals thus affected suffer 
from Gaucher s trait rather than from the actual disease However, they can trans- 
mit the disease to 50 per cent of their offspring, and thus function as (almost) 
normal carriers In the family trees presented, it appeared that the disease 
tended to become more severe in every succeeding generation until after two or 
three generations it became clinically manifest in the affected individuals early in 
life In the next generation it would then establish itself during fetal life so as to 
give rise to abortion, stillbirth or early death of the affected infant In this way the 
mutation extinguishes itself, by permitting only the unaffected offspring of the 
affected individuals to persist As a practical conclusion it is urged that a sternal 
marrow examination be included in every genetic investigation of Gaucher’s 
disease as the best method available at present for the detection of subclinical 
cases or ‘carriers ” 
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STUDIES CONCERNING THE PATHOGENESIS OF GAUCHER’S DISEASE 


By Bertha Ottenstein, Ph D , Gerhard Schmidt, M D , and 
S J Thannhauser, M D 

I N iSSx Charles Ernst Gaucher^ described as ‘epithelioma primitif de la rate' the 
disease which now bears his name In his case he found the splenic pulp entirely 
replaced by large cells and attributed this condition to a primary tumorous growth, 
epithelioma of the spleen Collier- (1835) in England, and Picou and Ramond^ in 
France (1896) also regarded the condition as neoplastic Bovaird'^ (1900), reporting 
the first case in this comitry, called attention to the simultaneous appearance of 
these large cells in the liver as well as in the spleen and lymph nodes He had com- 
mented on the familial character of the disease In contrast to the current view that 
the disease was of tumorous nature, he believed that an unknown toxin caused 
hyperplasia of spleen, liver, and lymph nodes Brill, Mandlebaum and Libraan 
(1905) were the first to point out that the cells which characterized the disease 
were found, not only in the liver, spleen and lymph nodes, but appeared simultane- 
ously in different parts of the skeleton These authors suggested (1913) name, 

‘ Gaucher's disease,” to avoid the misleading term ‘primary idiopathic splcno 
megaly ” Schlagenhaufer® (1906) considered that the condition was a systemic is 
ease of the lymphhcmapoictic tissue. , 

H Licb' ® 19^5)) association with Epstein and Lorenz,® isolate t c 

substance which characterized the Gaucher cells and identified this substance as 
cerebroside, namely kcrasin It was believed that kerasin, a galactosidoccrc 
was a constituent only of brain tissue and not of visceral organs L Pick’® 
that kerasin originated as a result of a general disturbance of 
metabolism, accumulated in the blood, and was secondarily deposited an 
m the reticulum cells of the involved organs He characterized Gaucher s 
‘not as a reticulo-cndothclial, reticular cell or histiocytoroatotic disease, 
a histiocytic disease comparable to histiocytic storage as observed in (-ertam 
or cholesterol feeding of animals with, however, elective participation 
histiocytic forms ' orkets" 

In contrast to the conception of L Pick,’® S J Thannhauser an^ ^ ^jg^asc did 
demonstrated that normal serum or serum of patients with Gauc er s 
not contain measurable amounts of ccrcbrosidcs This y jes a’® 

quently confirmed by Dvoracek and Pest,’- and Bruckner” Since 
not present in the serum of Gaucher’s disease, Thannhauser intermedn”/ 

brosides do not originate as a result of a general disturbance o ^ found, 

lipid metabolism but are synthesized and stored in the cells where ^f cerc- 

1 c , in the Gaucher ccUs This explanation of the 

brosides places the metabolic disorder within the reticulum cc s u.,nii>! 

T h H Pratt DiJgnn*"® 

From the Research Laboratories of the Boston Dispcnsar)' and the josep 

and the Department of Medicmc, Tufts College Medical School, Boston ^ ^ 

This study vas aided b) grants from the Rockefeller Foundation, c c o 
Vingham Associates Fund and the Charlton Fund 
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An imbalance of the intracellular enzymes concerned with cercbroside formation 
and disintegration is assumed to be the fundamental defect in Gaucher’s disease 
Similarly in Niemann-Pick’s disease an enzymatic intracellular disturbance pre- 
sumably leads to increased sphingomyelin formation An enzymatic deviation of 
the intracellular lipid metabohsm is therefore considered as the etiology of these 
disorders 

This view IS supported by the experiments of Thannhauser and ReicheP'’ and by 
Ottenstein, Schmidt and Thannhauser,^® who demonstrated that cercbrosidase is 
an intracellular enzyme which cannot be extracted from the tissue 

A further support for the view that the cercbrosides in Gaucher s disease are 
synthesized and stored in the cells where they are found is evident from the dis- 
covery of an hitherto unknown group of cercbrosides occurring exclusively in the 
Gaucher cells, namely a glucosidocerebrosidc (Halliday, Deuel, Tragerman and 
Ward^’’ and Aghion^®) In glucosidocerebrosides, the carbohydrate group is glucose 
and not galactose as in kerasin The findings of Halliday and co-workers have been 
confirmed by Klcnk,^® Danielson, Hall and Everett^® and by Polonovski 

The question arises whether in Gaucher s disease an abnormal cerebroside, i c , 
glucosidocerebrosidc, is formed exclusively or whether in different individual cases 
the type of cerebroside may vary and both cercbrosides, galactosido- (kerasin) and 
glucosidocerebrosidc may be present together 

The purpose of this paper is an attempt to decide this question by a method that 
permits quantitative partition of cercbrosides into galactosido- and glucosidocerc- 
brosidcs This method is described in the present paper and applied to the analysis 
of organs of different cases of Gaucher's disease It will be demonstrated that in 
individual cases the organs vary in the amount and type of cercbrosides present 
Our investigations were carried out with the additional purpose of clarifying 
another question regarding the pathogenesis of Gaucher’s disease It is known that 
normal red blood cells contain a small amount of cercbrosides It might be inferred 
that the increase of cercbrosides in Gaucher organs may have resulted from a pri- 
mary accumulation of cercbrosides in the red blood cells Deposition of this mate- 
rial in the organs in Gaucher s disease could occur even though the serum didnot 
contain appreciable amounts of this lipid 

It will be shown by the chemical analysis of red blood cells from normal in- 
dividuals and from patients with Gaucher s disease that the cercbrosides present 
are quantitatively and qualitatively the same These findings seem to support the 
conception of Thannhauser and co-workers" that the large amount of cerc- 
brosidcs present in the organs involved in Gaucher s disease is due to their synthesis 
and storage in the cells where they are found 

Microdetermination of Cerebrosides in Red Beood Cells and in Tissues 

PRINCIPLE 

The characteristic group \shich distinguishes the cerebrosides from most of the other Iipid* 

IS their carboh\drite component Since the carbohydrate group can be liberated quanntati'eh from the 
cerebrosides by acid hy droly sis the estimation of the free sugars in hy droly sate total of the lipid fraction 
IS at present the basis of all analytical procedures for the quantitatise determination of cerebrosides 
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(Bruckner, ’> Halliday, Deuel, Tragerman and Ward, Aghion,'* Klenk,*’ Danielson, Hall and Ever 
ett,* Polono\ and Brand and Sperry ^ 

The conversion of the results of the sugar determination into ccrcbroside values, however, requires 
the application of certain precautions 

1 The crude alcoholic lipid extract contains in addition to the cerebrosides noticeable amounts of 
nonlipid carbohydrates The remov al of the contaminating carbohj drates is achieved by extracting the 
final solutions of the lipids in chloroform rcpeatedlj with an aqueous solution of trichloroacetic acid 
7. It was found by Brand and Sperry,*^ as well as by us, that the customarj hydrolysis of the lipids 
with sulfuric acid entails considerable losses due to destruction of carboh) drates, but that hydrochloric 
acid under certain conditions pa'mits the quantitative recovery of the sugars 

3 It has recently been shown that the carbohydrate component of the cerebrosides is not exclusively 
galactose, but at least under certain conditions in Gaucher s disease,”"*' a mixture of galactose and glu 
cose IS present Since equal amounts of galactose and glucose have different reduction values, the correct 
conversion factor can only be established by separate determination of glucose and galactose in the hy 
drolysitc Our procedure for the quantitative partition of the sugars into galactose and glucose is based 
on the removal of the latter by yeast fermentation 


PROCEDURE 


Extraction The amount of material required for the determination varies according to its ccrcbroside 
content The following amounts of various tissues have been found to be suitable for the determinations 
of cerebrosides zo Gw of washed red blood cells corresponding to approximately 40 cc of oxalated 
blood, 5 to 10 Gm of wet brain, oo Gm of visceral organs, 50 mg of crystallized ccrcbroside mixtures 

For the quantitative extraction of cerebrosides the material is homogenized in the Waring BIcndor with 
xo to }o volumes of 95 per cent alcohol The suspension is refluxed for 30 minutes and filtered while still 
hot The residue is re-extracted by refluxing with the same amount of 95 per cent alcohol The combine 
extracts are evaporated to dryness under reduced pressure The oily residue is refluxed with a mixture 0 
4 volumes of chloroform and i v'olume of ethanol, filtered while still hot and washed with the chloroform 
ethanol mixture 

Removal of nonltptd carbohjei rates The combined extracts and washings arc transferred to a 150 cc 
centrifuge tube and stirred mechanically with four volumes of x per cent trichloroacetic acid lot ten 
minutes After separation of the emulsion by centrifugation the aqueous top layer is siphoned o an 
discarded The extraction with trichloroacetic acid is repeated at least twice until a microdetermiMt 
of the sugar (Somogy in an aliquot of the aqueous laser shows the absence of reducing carbo ^ 

Hydrolysis The chloroform ethanol extract is transferred to a 60 cc centrifuge tube and 
dryness at room temperature by an air current which is bubbled through the solution The rc^ 
suspended in 13 cc of an aqueous, i 5 N, solution of hydrochloric acid by means of a glass ^ ^ 

hy drolysis is carried out on a boiling water bath for sixty minutes The centrifuge tube is cove 
loosely fitting glass bulb The cooled hydroly sate is brought to a volume of xy cc , sharply centr 
and filtered , 

Removal of free acid by Amberlite Prior to the sugar determination, the fi’cc acid is remove 
hydrolysate by absorption on Amberlite (analytical grade IR 4B) (The neutralization ) 

out by the addition of alkali since the presence of salts interferes with the jocc 

For this purpose an aliquot of the hydrolysate is stirred mechanically with the resin j of th' 

hydrolysate*), for twenty minutes until the color of congo red paper is not changed y ^ 


supernatant 


leraturc 


All controls are brought to a volume of zo cc and incubated for three hours at room t „ 

After centrifugation, the reduction is determined in an aliquot of the supernant ‘ room temp^’ 

The mixture is brought to a volume of 10 cc in a volumetric flask and fermente at^ 


cc 


nire for 3 hours Alter centrifugation, the nonfermcntable sugar is determined in 5 

natant according to Somogy 1 ^ — — bThm 

* Control experiments with known glucose solutions have shown that analytical g 
docs not absorb any glucose 
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In a second aliquot of 4 cc of the Amberlitc supernatant the total carbohydrates are determined ac- 
cording to Somog) 1 without fermentation 

Calculation The titration value F obtained in the fermented aliquot represents galactose and is accord- 
ingly multiplied by the factor o to in order to obtam the amount of galactose in milligrams The differ- 
ence benveen F and between the titration value T obtamed with the unfermented aliquot represents 
glucose and is multiplied by the factor o 14 (Somogyi) 

In order to calculate the amount of cerebrosides the galactose, respectively the glucose values are 
multiplied by the factor 4 6 

'Determination of galactose and of total carbohydrates An aliquot of 8 cc of the Amberllte supernatant is 
mi\ed with I cc of a 10 per cent suspension of fresh baker s yeast* (Fleischmann) 

Analysts of the cerebrosides in normal serum and Gaucher serum showed 

Normal serum Gaucher serum 

Galactosidocerebrosides Glucosidocerebrosides Galactosidocerebrosides Glucosidocerebrosides 
Traces o Traces o 

The analyses were made on 30 cc samples of serum of three normal individuals, as vvtll as on 30 cc 
samples of two patients with Gaucher s disease (case Kc, 14 years old and case Lc 2-4 years old) 

These figures confirm the analytical findings of Thannhauser and co-workers,*^ Bruckner,*’® Dovracck 
and Pesta*^ indicating that the scrum of Gaucher s disease docs not contain measurable amounts of ccrc- 
brosides 


Table i — Analysis of Red Blood Cells in Normal Individuals and Patients with Gaucher s 

Disease 


Normal R B C j 

Per cent of desiccator dried weight 

Gaucher R B C 

Per cent of desiccator dried weight 

Galactosidocerebrosides 

Glucosidocerebrosides 

Galactosidocerebrosides 

Glucosidocerebrosides 

CO 

M 

0 

1 

e 

0 LOO (case Ke) 

0 (case Ke) 

1 

1 


0 Lio (case Le) 

0 (case Lc) 


The analyses of red blood cells, washed with saline, were made in three normal 
individuals from an average of 9 8 Gm of dried material, the samples being dried 
in a desiccator at room temperature 

The analyses of Gaucher red blood cells, washed with saline, were made in case 
Ke, 14 years old, on 7 7 Gm dried substance, in case Le, Z4 years old, on 8 6 Gm 
dried substance 

The figures in table i demonstrate that the content and the type of cerebroside 
in the red cells of Gaucher s disease do not differ from those found in normal red 
blood cells It is important to note that both in the normal and Gaucher s disease, 
only galactosidocerebrosides were found in the red cells even when glucosidocerc- 
brosides were accumulated in the Gaucher cells of the spleen, as in case Ke (cor- 
responding to Case I in table x) 

The organs of cases i and 1 were from children of 6 to 10 ) ears of age, cases 3 and 

* With each venev of anah^cs the following additional control determinations are earned out (a) 

I cc of the washed veast suspension is mixed with water (b) i cc of the washed yeast suspension is 
mixed w ith a know n amount of glucose (c) i cc of the w ashed > east suspension is mixed w ith a know n 
amount of galactose 
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Table i — Analyses op Spleens in 4 Cases op Gaucher s Disease by Isolation 


Crystallme cerebrosides from Gaucher spleen j 

ToUl 

cerebrosides in 
per cent 
of dry 
weight 

Galactosido- 
cerebrosides 
in per cent 
of dry 
weight 

Glucosldocere 
brosides 
m per cent 
of dry 
weight 

Ratio galacto- 
cerebrosides 
glucosidocere- 
brosides 

Gaucher spleen i 

Gaucher spleen a 

Gaucher spleen 3 

Gaucher spleen 4* 

CSee below') j 

8 3 

II 3 

IS 8 
ai 6 

Negligible 

Negligible 

8 6 

la 0 

8 3 

II 3 

7 i 

9 6 

083 

0 II 3 

I Z I 

I 3 I 

Case 4 — Analyses by Analytic Determination 



Total cerebro- 
sides in Gm 
per 100 Gm 
tissue 

1 

1 Galactosido- 
cerebrosides 
in Gm per 100 
Gm tissue 

Glucosidocere- 
brosides 
fn Gm 
per 100 Gm 
tissue 

Ratio galacto- 
sidoctre- 
brosides 
glucosidocere- 
brosides 

Gaucher spleen (Tissue) 

Normal spleen (Tissue) 

a9 4 

0 4-0 6 

14 4 

0 4-0 6 

15 0 

Negligible 

I I 


* In case 4 the galactosidocercbrosidcs and glucosidoccrcbrosidcs were also determined dirccdj' 
in the organ 


Table 3 — Case i Ht^tns, E , aged 7 months 
Diagnosis Generalized Infantile Gaucher s Disease Organs Preserved in Formaldehyde, Received 

f . r n. «^rTtr 


Oxford, England 


Chemical analysis 

Organ 

Galactocerebrosides Gm 

Glucocercbrostdes Gra 


per cent of dry weight 

per cent of dry weight 

Brain 

z 6 

Ncghgiblc 

Spleen j 

3 1- 

<( 

Liver 

1 3 


Lungs 

6 8 

(C 

Heart 

I- 3 


Boncmarrow 

I 3 

a 

Kidnej 

3 I 

a 

Intestine I 

3 I- 


Intcstmc II 

X 8 


Pancreas 

3 1 



Galactocerebrosite ^ 

norraal human 
Gm per cent of dry 
weight 



* Cerebrosidcs in the brain of a one day old child 

i ^ rrvstallinc forJE 

4 from adults In cases i, x, and 3 the cerebrosidcs were isolated in y 
and the analyses were made for galactosido- and glucosidoccrc ro 
In case 4* the galactosidocercbrosidcs and glucosidoccrebrosi cs we 

dm this 

* We arc indebted to Dr Karl Singer, Michael Reese Hospital, Chicago, for s 
adult Gaucher s disease 
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directly in the organ as well as after isolation of the crystalline cerebrosides mix- 
ture 

The analytic figures of normal human and animal spleen are charted in table x 
The figures in table 3 and table 4 demonstrate that even in the organs of sibhngs 
with generalized infantile Gaucher’s disease the amoimt and the type of galac- 
tosido- and glucosidocerebrosides may vary greatly The intracellular metabolic 
disorder in Gaucher’s disease is thus not solely confined to the formation of an 
abnormal glucosidocerebroside, since in one of the examined siblings, mainly galac- 
tosidocerebrosides and in the other sibling galactosido- and glucosidocerebrosides 
in varying amounts were found in the organs 


Table 4 — Case 2 Htggtns, Timothy, agtd months (Sibling of Case j) 

Diagnosis Generalized Infantile Gaucher s Disease (Organs received from Dr Robb-Smith, Rad- 

diffe Infirmary, Oxford, England) 


Organ 

Chemical Analysts 

Galactocerebro- 
sides per cent 
of dry weight 

Glucocercbro- 
sides, per cent 
o£ diy weight 

Ratio galacto- 
cerebrosides to 
glucocerebro- 
sides 

Total ccrebro- 
sides, per cent 
of dry weight 

Galactocerebro 
sides in normal 
human organs 
per cent of dry 
weight 

Spleen 

0 44 

0 95 

I Z I 

1 44 

01-05 

Liver 

0 i8 

0 05 

3 6 I 

0 33 

0 05-0 13 

Brain 

3 15 

0 


3 13 

4 0 -fi 0* 

Lung 

0 61 

0 43 

I 4 I 

1 04 

01-06 

Kidney 

0 zg 

0 15 

I Z I 

0 34 

01-07 

Pancreas 

0 

0 

0 05 

I 8 I 

0 14 

0 

M 

Tbymus 

0 30 

0 30 

I 0 I 

0 60 

— 

Suprarenal 

0 zo 

0 09 

Z Z I 

0 Z9 

— 


* Cerebrosides in the brain of a one day old child 


Discussion 

The above findings (tabic x) demonstrate that the spleen of two children with 
Gaucher s disease contained glucosidocerebrosides almost exclusively, thus confirm- 
ing the observations of Halliday, Deuel, Tragerman and Ward,^^ Aghion,*® 
Klenk,^® Danielson, Hall and Everett,®® and Polonovski 
In cases 3 and 4, however, both galactosido- and glucosidocerebrosides were 
present These findings are the first demonstration that both types of cerebrosides 
may be increased in the organs of patients with Gaucher’s disease 
The fact that the galactosidoccrebrosides and the glucosidocerebrosides may be 
found together indicates that the increased formation of cerebrosides within the 
Gaucher cells is not a complete deviation from the synthesis of the normal galacto- 
sidocerebrosides The occurrence of the abnormal glucosidocerebrosides exclusively 
within the Gaucher cells lends support to the theory that these cerebrosides are 
built and stored in the Gaucher cells 

The alternating occurrence of galactO'- and glucosidocerebrosides is especially 
evident in the cases of x siblings with generalized infantile Gaucher s disease In 
the 7 months old infant, mainly galactosidoccrebrosides were present with onl) 
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traces of glucosidoccrebrosidcs, while in the 5^ months old infant both types rt-ci 
increased in all organs examined It is probable that there is no fundamental dif 
fcrence in the chemical intracellular disorder of the generalized infantile and 01 
the adult Gaucher s disease 

It was formerly believed that the disordered enzymatic metabolism occurred id 
the mtlitu tntmmr of the organism and was the result of the enzyme content of 
the secretions of glandular structure The concept that enzymes exist bound to the 
cellular structure is relatively new (Desmoenzymes Willstaetter) 

Embryonic reticulum cells and histiocytes have apparently a greater variety of 
enzymatic possibilities than mature cells This seems especially true in the case 


Ceramide (Li jnoccnc^^phmj^sint) 

l" C„H«C01|IH 

I CHjCCHXCH'CHCHCHCH, 1 

L 


Galactose 

or 

Glucose 


Cerebroside 



C„H«C0NH 


1 


I CHj(CHi)„CH-CHCH.^HCHt | 

! 0 OH ! 

I 1 1 

CHtOH*CH-CCHOH},-CH' 


Galactose 

or 

Glucose 


ChoUne-phosphonc Acid 


Sphinj^yelm 

j" C»H„C0tJH I 

I CH,(CH,),tCH-CHCHCHCHt | 
I 0 OH ! 

{ 1 

O-pOH 


ChoIinc- 
phosphoric ^ 


OCHjCHt 

N(ch, 
I \h, 

OH 


Fig 


Cerebroside and Sphingomyelin Formation from Ceramids 

of the lipid substances such as ccrebrosidcs, sphinogmyclin and ,s, 

Gaucher s disease the capacity to synthesize ccrebrosides in increase a 
in our opinion, a perpetuation of the embryonal enzymatic potentia itie 
reticulum cells and histiocytes The suggested physiology and pat 0 ® ^ 

enzymatic metabolism of cercbrosidcs and sphingomyelin is P^*^*^*^ common 
The ccramides isolated and identified by Thannhauser and Fran c gjj^ymao^ 

intermediaries of the metabolism ofboth ccrebrosides and sphingomyc ^^j-ebro 

glucosido-formation with glucose or galactose leads to the lorm In 

sides, while sphingomyelin results by esterification with phosp cicramid^ 


«» V W W JA A AWaJMAVaF ^ ^ W » W — — — _ ^ 

the case of Gaucher s disease ccrebrosides arc formed apparent y 
in abundance, while the intermediate disintegration of cere rosi 
IS diminished 


ectam 


idcs 
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Summary 

I The scrum of normal individuals and of patients with Gaucher’s disease docs 
not contain cerebrosides in measurable amounts Cerebrosides in Gaucher’s disease 
arc increased only in those organs containing abundant numbers of cells character- 
istic of the disease 

X Normal red blood cells contain approximately o 19 per cent cerebrosides The 
cerebroside in red blood cells is a galactosidocerebroside 

3 Red blood cells in Gaucher’s disease do not differ quantitatively and quali- 
tatively in their cerebroside content from the red blood cells of normal individuals 

4 In four different cases of Gaucher s disease separate determinations of splenic 
galactosido- and glucosidocerebrosides were made The spleen of two adults 
showed mainly glucosidocerebrosides and only traces of galactosidoccrcbrosides, 
while the analysis of the spleen of two other adults showed that galactosido- as 
well as glucosidocerebrosides may be accumulated simultaneously in Gaucher cells 
These findings are of importance, since it is demonstrated that the deviation of the 
cerebroside metabolism in Gaucher cells not only results in the formation of an 
abnormal glucosidocerebroside, but also may lead to the increased formation of 
the normal galactosidocerebroside, kerasin It is demonstrated that the relative 
proportions of galactosido- and glucosidocerebrosides in Gaucher cells may differ 
considerably in individual cases 

5 The organs of infantile siblings with generalized infantile Gaucher s ’ dis- 
ease were analyzed The organs of one infant showed mainly galactosidocere- 
brosidcs while in the organs of the other sibling both kinds of cerebrosides, gluco- 
sido- as well as galactosidocerebrosides, were present 

6 The findings reported in this paper lend support to the theory that Gaucher s 
disease is the result of a deviation of the intracellular metabolism of reticulum cells 
and histiocytes The cerebrosides are not transported by the serum or by the red 
blood cells and secondarily deposited in the cells involved, but are formed and 
stored in the reticulum cells and histiocytes were they are found 
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EFFECTS OF X-RAY ON LYMPHOID AND HEMOPOIETIC TISSUES OF 

ALBINO MICE 

By G Brecher, M D , K M Endicott, M D , H Gump, A B , and 

H P Brawner 

H EINEKE,^ investigating effects of x-rays on internal organs, found the 
lymphoid tissues peculiarly susceptible to irradiation This observation sug- 
gested the possibility of studying the function of the lymphoid apparatus by ob- 
serving animals deprived of their lymphoid tissue by means of selective injury by 
x-ray ^ For this purpose it is necessary to suppress lymphopoiesis without interfer- 
ing with other bodily functions of the experimental animals used Permanent de- 
struction of the lymphoid tissues cannot be accomplished without deleterious 
effects upon other organs, as shown by Hughes and Job ® However, with a single 
whole body irradiation of 400 r, Henshaw* produced in albino mice marked tem- 
porary lymphopema accompamed by only slight neutropenia and anemia The 
dosage used by Henshaw thus appeared to produce the highly selective damage 
of lymphoid tissues necessary for functional studies of this system The present 
study was undertaken to furnish further details of the selectivity of radiation in- 
jury produced with this dosage by measuring the initial damage to all blood form- 
ing tissues and the reticulo-cndothelial system, the extent and duration of the sup- 
pression of their activity, and the rate of their recovery 

Material and Methods 

Inbred female mice of the CFW strain, i months old, were gi\en single whole bod) radiation of 400 r 
as measured in air with the Victorccn ionization chamber (186 KV zo Milliamps , at 50 cm with 
o 15 mm copper and o 55 ram aluminum Slters, for 6 14 minutes ) All animals sur\ncd the period of the 
experiment without obvious illness The animals were examined in groups of six on the 1st ind, 4th, 
7th, loth, 14th zist and z8th da) after irradiation On three mice of each group of six, peripheral white 
blood cell counts and differential counts were done, as well as hemoglobin determination with theEsehn 
photoelectric colorimeter, standardized by Van Sl)ke s mchod On the remaining three mice of each 
group the peripheral red blood cells and reticulocs tes were counted and the hematocrit \alucs determined 
using \an Allen s method All six mice were then killed with chloroform The animals were weighed and 
autopsies were performed The superficial cerxical l)mph nodes, thsmus, lixer and spleen were weighed 
and fixed in Hell)' s fluid Kidne)s, heart and lungs were also fixed in Helh s fluid, but not weighed 
The gastrointestinal and genital tracts were inspected for gross lesions The brain and cord were not ex- 
amined Paraffin sections were prepared and stained rounnel) with hemalum azure eosinate and with 
hematox) lin-cosin In addition the Rio-Hortega Foot siUer reticulum stain the Berlin blue reaction for 
■ton, and the periodic acid-lcukofuchsin stain’ were used extensneh on sections of the hmph nodes, 
spleen and th)mus Frozen sections of hmph nodes for the demonstration of fat s ere prepared in a few 
instances 

The bone marrow of one femur was used for the preparation of marrow smears ^ Smears were routircli 
stained w ith Gicmsa and frequenth also with the peroxidase stain ’ The other femur and seseral thoracic 
'ertebrae were fixed in formalin and decalcified paraffin sections of them stained b\ \an Gieson s method 
Photomicrographs of the marrow of the cpiphssis metaphssis and shaft of the femur and of one sericbra 
"ere then prepared Each photomicrograph was superimposed upon a cross ruled transpa-ent grill The 
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number of squares of available marrow space and the number occupied bj cellular marrow were each 
counted The cellulanty of the marrow in each area photographed was expressed as the percentage of 
available marrow space occupied by cellular marrow The average of the 4 determinations for each animal 
gave the bone marrow index, which is defined^ as the average percentage of available marrow space oc- 
cupied by hematopoietic marrow To obtain an index for each cell type, the total bone marrow index was 
multiplied by the percentage of individual cell types determined by differential counts of bone marrow 
smears prepared from the same animal The basic concept of reporting bone marrow findings in this wa) 
IS comparable to recording absolute counts of individual cell types in the peripheral blood rather than 
percentage figures of the total leukocyte count Of necessity the standard of reference in the bone marrow 
IS the available marrow space, while peripheral counts can be expressed in cells per cu mm The indices 
give a clear picture of the depletion of the marrow and the rate of subsequent regeneration of the various 
cell types Bone marrow indices rather than differential counts arc therefore used throughout this paper, 
with one exception Subgroups of the myeloid senes arc reported as percentages of the total myeloid cells, 
as shifts to the left or right arc meaningful with reference to the mvcloid senes only and not with refer 
ence to the available marrow space 

The classification of the granuloc) tc senes in the bone marrow of small rodents presents certain difii 
culties, which have been discussed in an earlier paper bv Endicott and Ott ’ In the mouse as in the rat, 
maturation of the nuclear chromatin and of the c) toplasra of the granulocytes may proceed independently 
Young nuclei of round or ov al shape with finely divided chromatin arc frequently present in cells with 
old neutrophilic cytoplasm, while other cells show young basophilic cytoplasm and old ring 
form nuclei with coarsely distributed chromatin This independent maturation of nucleus and cytoplasm 
makes any attempt to arrange the granulocytic senes into definite promyelocyte, myelocyte and meta 
myelocyte stages highly artificial and subject to extreme variation from differences of intetptttatioD 
However, the very young and the definitely mature granulocytes arc easily identifiable For this reason 
the following classification was adopted 

a Young forms Relatively large cells with blue cytoplasm, with or without azurophilic granules, wit 
round or early nog form nuclei, and finely divided nuclear chromatin 

b Old forms Gills with pale blue or neutrophilic cytoplasm, with nog form nuclei showing eary m 
dentation or fully developed segmentation and coarsely distributed chromatin 

c IntrrmedtaSt forms All other cells of the granulocyte senes, i e , cells showing partial maturation 
cytoplasm and nuclear chromatin in various combinations 

The above classification cannot be correlated exactly with the Standard division of granu “"f 
promyelocyte, mvelocyte and metamyelocyte stages It is felt that this disadvantage is 
the ease with which differenual counts on the same specimen can be reproduced by different 0 
Any discrepancies can usually be traced to failure to take counts from at least 3 
The larger cells of the early granulocyte senes and the small normoblasts tend to accumu ate 
ends of the smears For this reason, the beginning, middle and end portions of each smear 
going from the middle to one edge of the slide in each of these areas Using this method, tota 
usually comprise 800 to 1500 cells Joeranw o( 

The average weights of the animals, the organ weights, peripheral blood counts an ,n 

the first series of mice killed in groups of six at the above stated intervals after irradiation arc 
tables 1-4 Duplicate experiments were performed on a second scries of animals o pcriphc*^* 

and age and on a third senes of mice of the same strain and sex, but 5 to 6 months o 
blood counts and my clograms for the latter two groups showed no significant dev lation _ ^ /urrlit'' 

the first series recorded in our tables Histologic findings were identical in ail experim i, 

small senes of animals sections of lymph nodes, thymus, spleen, and bone marrow 
3, 7 and 18 hours after irradiation, but no blood counts or myelograms were intervals m the 

Four groups of six control mice of the same strain and sex were examined at ^ months m the 

course of the experiment The age of the animals was i months in 3 of these WBC count* 

4th group In contrast to the narrow range of WBC counts in irradiated anima (-otifrol animal* m 
in the 14 control animals ranged from 5800 to 15,000 However, leukocyte ^ relatively natfowe* 

any one group of six tended to be on cither the high or the low side, and e wit 1 
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Table i — Body and OrganWeights (tn Grams') of Msec Given Whole Body X-radtatton of 400 r (Means 

and Standard Deviations) 


Days after x-ray 

Mouse 

Liver 

Spleen 

Thymus 

Submaxillary 
lymph nodes 

I 

17 Z ±Z I 

I ZI zho 09 

0 oz8 zho 004 

0 ozz zho 010 

0 OIZ zho 003 

X 

15 6 ±z 4 

I 00 ±0 17 

0 oiz zho 004 

0 017 zho on 

0 006 zho 006 

4 

17 4 ±4 6 

0 95 efco 13 

0 014 zho 004 

0 008 zho 006 

0 010 zho 005 

7 

17 7 ±3 ^ 

I 08 =bo Zl 

0 ozi zho 006 

0 014 zho 006 

0 019 ±0 017 

10 

zo 6 ±3 z 

I 06 zfco 07 

0 051 zho ozz 

0 0Z9 zho 009 

0 0Z3 dzo 007 

14 

17 z ±i 9 

I 09 zho 14 

0 no zho 064 

0 oz6 zho 009 

0 039 zho 036 

11 1 

15 z ±i 8 

I oz zho iz 

0 o83^±o 014 

0 013 ±0 009 

0 013 zho 008 

18 

15 3 dbz 6 

0 9Z zho zo 

0 lOZ zho 0Z9 

0 034 zho 016 

0 0Z3 zho 017 

Control 

16 8 dbz 0 

0 93 zho 14 

0 095 ^0 0Z9 

0 OZI zho 008 

0 0Z3 ±0 006 


Table l — Bone Marrow Indues in Mice Given Whole Body X-radeation of 400 r 

Deviations) 


(Means and Standard 


Dajs after 


Percentage of a\ailab 1 e bone marro\\ space occupied by 


X ray 

Total 

marrow 

ISon-eosinophihc 

1 granulocj tes 

1 

1 Eosinophils 

Nucleated 

red 

I Lymphocytes 

1 

j Others 

I 

49 6 

zhi8 

1 

44 

3 

±13 

1 

1 I 6 ito 

7 

0 

6 

ito 

4 

1 

0 

it I 

3 

I 

I 

zhi 

1 

1 

ZZ 8 

± 7 

4 

19 

3 

dz 8 

4 

1 ° 3 =tO 

1 

0 

4 

±0 

1 

1 

0 

it 0 

7 

0 

4 

dbo 

1 

4 

16 8 

± 3 

I 1 

14 

0 

zh 3 

1 

j Less than 

0 I 

0 

1 

ito 

3 : 

1 

0 

it I 

3 

0 

7 

ito 

1 

7 

36 4 

zhir 

X 

^4 

r 

zh 8 

6 

* Less than 

0 I 1 

10 

0 

±7 

4 

I 

3 

± I 

I 

0 

8 

ibo 

4 

10 

64 6 

dilO 

9 

11 

4 

zhn 

1 

0 8 ±0 

8 

11 

6 

zh8 

0 

16 

3 

zhi3 

I 

1 ^ 

3 

zhi 

3 

M 

67 0 

±13 

8 

30 

7 

zhi9 

I 

0 3 dzO 

4 

11 

1 

±3 


1 

8 

± 4 

1 

I 

0 

ito 

3 

11 

91 4 

± 7 

8 

8z 

0 

± 6 

8 

0 9 zho 

9 

4 

8 

±4 

I 

I 

8 

dr 0 

9 1 

I 

9 

ito 

4 

z8 

94 6 

it 1 

8 

7 ^ 

6 

rt 11 

3 

z 8 zhz 

8 

13 

9 

zhS 

3 

4 

0 

dr 1 

4 

I 

3 

zhi 

3 

Control 

84 0 

± 9 

6 

43 

9 

it 11 

8 

1 4 zhi 

1 

1 2.1 

4 

±6 

i| 

13 

6 

± 3 

3 ' 

1 

7 

dbo 

4 


Table 3 — Differential Count of Noneostnopbtlic Granulocytes m Bone Marrow of Mice Gtten Whole Body 
X-radiation of 4000 (Means and Standard Deviations) 


Dajs after \ ra> 

Young forms , 

Intermediate forms 

Old forms 


^ 1 

/O 

iS 3 itio 1 , 

\ 

1 1 

Zl z ± 5 9 1 

i 

t 0 

60 5 zh 14 0 

z 

9 4 ± 3 9 

19 8 zh I 9 1 

70 8 zh 4 6 

4 

14 0 zh 3 I 

1 43 0 zh 6 6 1 

43 0 zh 8 6 

7 1 

14 8 zh Z 3 

38 I ±n 0 

47 I zhiz z 

10 

56 8 ±19 0 1 

3Z 3 zh 9 0 

n 0 zh IZ 7 

M 

40 0 zh 9 4 j 

37 4 ± 3 3 

-z6zh9- 

Zl 

13 7 zh 3 6 

30 0 zh 3 S 

46 3 ± 7 6 

zS 

iS 6 ± 7 4 1 

33 5 ± 7 S 

47 9 ± 9 9 

Control 

n 0 zh 3 4 1 

3_ 9 zh - 0 1 

35 J ± M 

- — 





For estimates of the decree of leukopenia in irradiated animals it is desirable to know the lower limit 
s'f the normal Icukocs tc count rather than the average count For this reason the means and the standard 
deviations of the leukoevte count of each of the four groups of control mice were computed The group 
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showing the lowest average leukocyte count is recorded as control group in our tables The standard de 
viation of this group indicates that | of any group of animals \Mth low normal counts maj be expcacd 
to have lymphocyte counts of 3000 or more Myelograms of all four control groups did not differ signifi 
cantly 


Table 4 — Pcrtpbiral Blood Counts (IVBC per cu mm ) sti Mece Given Whole Body X-radiation of 4»> f 

(JMeans and Standard Deviations') 


Days after i ray 

! Total WBC 

LvmDhocvtcs 

Neutrophils 

Eotino piiils 




1 

1 

ScRinented 

Juvenile 

1 

X 

4 

7 

10 

14 

XI 

x 8 

Control 

1 3x00 rt 700 

1 XIOO db 800 
880 =b 300 

I 100 d: 300 
XIOO i: 900 
4100 db 400 
9000 d:5XOO 
8900 d= 800 
8500 ±1300 

1x00 xb 100 

ixoo dx xoo 
800 xfc 300 
750 dx xoo 
1700 xfc 800 
X500 xfc 100 
3400 dbx6oo 
6100 xfc 300 
6800 xfc 1700 

900 db 630 
800 xfc 700 
15 xfc X3 
300 xfc 130 
XOO d: 100 
700 db 130 
x6oo xfcx400 
XIOO xfc 600 
1400 dx 900 


30 d:30 

13 d:l5 
less than 13 
less than 15 
less than 13 

30 xfc 30 

100 d:i 3 o 

150 d:l30 

100 d-ioo 


Organ Weights 

The weight of the lymph nodcs'v spleen and thymus was considerably below nor- 
mal I, X and 4 days after irradiation The weight of the thymus and the lyfflp 
nodes was again within normal limits 7 days after irradiation The weight 0 t 
spleen was considerably increased over previous low values at 10 days, but 1 
reach normal until the 14th day after irradiation The weights of all organs cx^ 
amined xi and x8 days after irradiation did not differ significantly from those ot^ 
controls The size of the lymphoid tissues observed at autopsies correspon c 
the variauons in weight recorded in table 1 

Histologic Findings ^ 

Lymph nodes (controls) Forty superficial cervical lymph nodes from 
nucc, X months old, were studied as a basis for comparison with those 0 
mice The capsule of the nodes is thin As a rule there are no trabeculae 
cords form the central core of the nodes and project in narrow ban s to 
surface, dividing the cortical lymphoid tissue into ovid masses o greatly 
Follicles with more or less well developed secondary centers arc pr«en^^^ githct 
varying numbers They arc always located near the surface o t c 
embedded in a mass of cortical lymphoid tissue, from which 
by a rim of closely packed lymphocytes, or flanked by "substance 

The term cortical lymphoid tissue, as used here, is identical wit t of 

corticalc ’ of Jolly and the ‘ Rindenknotcn” of Heilman to a whose 

reticulum cells and fibrils it contains free cells, mostly sma extent simO' 

nuclei are frequently angular, indented or lobated, ^ j55uc 

lating a mitosis Mitotic figures arc rare in the cortical lymp 01^ gf which ate 
The follicles consist of medium sized and large lymphocytes^^^^^ These contain 
seen in mitosis, and of a small number of large phagocytic c 
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tingiblc bodies of FJeming, frequently clearly identifiable as disintegrating 
lymphocytes A zone of closely packed, small lymphocytes surrounds the paler 
center The term secondary center is used by us for this paler central zone, while 
the term secondary nodules is reserved for the entire follicle consisting of the paler 
center and the peripheral nm of closely packed lymphocytes Reticulum is very 
scanty in the secondary centers 

The medullary cords consist of a central vessel surrounded by a concentric collar 
of large cells These cells have a broad, slightly irregular nm of deeply basophilic 
cytoplasm and often somewhat eccentric nuclei of the lymphocytic type They have 
been described as polyblasts and as plasmoidocytes ” ® Occasionally cells in mito- 
sis are present Plasma cells in varying numbers can usually be found in the medul- 
lary cords The intermediary and medullary sinuses are sharply outlined by the 
marginal reticulum fibrils limiting the medullary cords 
The peripheral and intermediary sinuses arc usually empty A few medullary 
sinuses near the hilum frequently contain large numbers of polygonal or round 
cells, with an ample amount of oxyphilic cytoplasm These probably represent 
desquamated limng cells of the sinuses Mast cells in varying numbers are often 
present in the intermediary and medullary sinusoids No appreciable amount of 
connecuve tissue is present in the hilum of the nodes 

Lymph nodes of madtated animals Sections taken z and 3 hours after irradiation 
showed widespread disintegration of lymphocytes Large amounts of nuclear debris 
were present in macrophages in the secondary centers and occasionally in the 
cortical lymphoid tissue At 7 hours cellular debris was also present in the medullary 
cords At 18 hours hardly any lymphocytes remained in the secondary centers, 
which contained only swollen, poorly staining cells and large macrophages filled 
with cellular debris The peripheral nm of closely packed l)Tnphocytcs, normally 
surrounding the secondary centers, was still well preserved in some of the follicles 
(fig I a) Other follicles had lost this collar of small lymphocytes and the former 
secondary centers, containing debris-laden macrophages, bordered directly on the 
peripheral sinuses (fig ib) Small accumulation of nuclear debris were still present 
in medullary cords and in the cortical lymphoid tissues Presumably this debris 
was to a large extent ingested in macrophages, but the phagoc} tosing cells did 
not stand out clearly except in the secondary centers A few granuloc) tes were 
occasionally present in the sinuses 

After zq hours nuclear debris was seen only in macrophages in the remnants of 
the secondary centers All follicles had now lost their peripheral nm of small 
l)mphoc)tcs The medullar) cords were partly collapsed and their cells often 
showed p) knotic nuclei The medullar)’- sinuses were corresponding!) widened and 
the reticulum condensed (fig ic) Granuloc)tcs w’crc occasional!) present in some 
of the sinuses 

The macrophages seen in the secondara centers at 7, iS and zq hours contained, 
in addition to nuclear debris, numerous small globules of owphilic catoplasmic 
material, which stains aiaidh with periodic acid-lcukofuchsin stain Thc'-c 
globules were slighth aeid-fast and slighth sudanophilic Similar macrophages 
''ere sometimes also seen in the cortical hmphoid tissue and medullara cords A 
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Fio 3 

a Thjmus, X da) s after irradiation 5X Narrowed cortical zone, containing few cells Hematox) lin- 
cosin 

b Thymus, 4 days, x5oX Beginning regeneration of cortex Hematoxylin-eosin 

c Spleen, 18 hours after irradiation x5oX Partial destruction of follicle, phagocytosis of cellular 
debris Hematox) lin-cosin 

d Spleen, 48 hours 6X Hemosiderin (black) in red pulp Ferroq anide-h) drochlonc acid-fuchsin 

At 4 days a narrow rim of large cells resembling lymphoblasts was visible be- 
neath the capsule (B.g 3b) 
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At 7 days a well developed cortical zone was present, but the medulla still con- 
tained fewer lymphocytes than normal From the 14th day on, the appearance and 
relative size of both cortex and medulla were within normal limits 

At X, 3, 7 and 18 hours nuclear debris was present in large amounts in the 
Malpighian follicles and to lesser extent in the red pulp Debris-laden macrophages 
were clearly seen in some of the follicles (fig 3c) The small, but fairly numerous 
centers of erythropoiesis normally present in the mouse spleen, were decreased in 
size and numbers Large amounts of brownish, iron-containing pigment appeared 
in the red pulp The megakaryocytes were reduced in number and frequently 
showed pyknotic nuclei At xq hours the spleen was greatly reduced in weight 
Nuclear debris was seen only in rare macrophages in the follicles which were some- 
what reduced in size Nuclear debris had completely disappeared at 48 hours 


I 



Fio 4 Spleen, 10 Da^s after Irradiation 7X Focal Area of Hematopoiesis 

Hematorf un-bosin 


Erythropoietic centers were no longer recognizable Iron-containing pigment vws 
diffusely distributed through the red pulp, partly phagocytosed in the cells of t c 
condensed reticulum, which often contained numerous red blood cells and 
lymphocytes In Giemsa stained sections the follicles stood out sharply against 
the uniformly pink-staining red pulp In sections stained for iron the red pulp too 
rather intense blue color, while the follicles took the color of the counter stain 
only (fig 3d) Megakaryocytes were markedly reduced in number The appeara 
of the spleen remained unchanged at 4 and 7 days, except for an occasional 
in the follicles A marked increase in the size of the spleen occurred 
7th and loth day, partly due to increase in the size of the follicles, part y u 
formation of subcapsular areas of hemopoiesis (fig 4) These circurascnlx 
hemopoiesis were frequently visible grossly as light-red or whitish su caps 
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noJulcs, proicctin^ sligluh alio\c the surrounding surface of the spleen In sections 
these foci were seen to consist chiellN of round cells with a small rim of cytoplasm 
a\ith large nuclei and \sell defined nucleoli (hg 5) Occasional mitoses were seen 
In smears, the ma|orit\ of these cells were identified as pronormoblasts, among 
ashich were a small number of maeloblasts B\ the :4th day the spleen had enlarged 
further and its aacight, as well as the si7c of the Malpighian follicles, was within 
normal limits Hemopoiesis was in progress throughout the red pulp Numerous 
normoblasts and occasional granuloca res were now' intermingled with stem cells 
The amount of pigment, alrcada reduced at 10 da)s, now' rarely exceeded that of 
controls Mcgakara oca tes aaere again present in normal numbers At 3 and 4 weeks 
the spleen shoaaed essentialla the same ap|xarancc as at i avecks Myelopoicsis 
aa'as someaahat more cxtensiac, but era thropoicsis continued to dominate the pic- 
ture 



Fig 5 Spleen, io Da\s after Irradiation 300X Stem Cells in Focal Area of Hematopoiesis 
Edge of Malpighian Folucl^ in Lower Left Corner 


The accumulation of hemosiderin, noted in the spleen after irradiation, was not 
found m any other organ examined Hemosiderin in the spleen was most abundant 
from the ist to the 7th day The period of greatest accumulation of hemosiderin 
thus coincided with the time of greatest reduction in the size of the spleen Some 
of the apparent increase in the amount of pigment may therefore have been due 
to collapse of the splenic stroma with resulting condensation of pigment 

From the histologic appearance alone it was impossible to decide whether this 
hemosiderosis developed within 24 hours and remained constant over a period of a 
Week, or whether hemosiderin continued to accumulate during the first week The 
hemosiderin present at 24 hours was so abundant that any further increase could 
hardly have changed the histologic picture 

Bone marrow The diminution and subsequent increase of the total cellular bone 
marrow are recorded in table a Sections showed an increase in the size of blood 
filled Vascular spaces concomitant with the loss of cellular marrow following irra- 
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diation A very small amount of cellular debris and slight phagocytosis ■were noted 
from I to X4 hours after irradiation Our paraffin embedded sections were generally 
unsuitable for the study of finer cellular details The bone marrow changes, as 
studied by means of quantitative myelograms, arc reported with the hematologic 
findings 

Summary of the htstologtc findings Within xq hours after irradiation, there was 
extrcnsive destruction of the cells of the secondary centers and medullary cords of 
the lymph nodes, almost complete destruction of the thymic cortex, diminution 
of the lymphocyte content of the thymic medulla and marked decrease in size of 
Malpighian follicles The weight of the lymphoid tissues was markedly decreased 
Regeneration of lymphocytes was first noted at 4 days after irradiation The lymp- 
hoid tissues regained normal weight at 7-14 days As judged from the histologic 
appearance, lymphopoiesis was frequently in excess of normal from 14 days on 
through the rest of the period of observation 

The spleen showed marked hemosiderosis from the first to the 7th day Due to 
the marked collapse of splemc stroma during this time, part of this hemosiderosis 
was probably more apparent than real No hemosiderosis was found in other organs 
examined 

Extramedullary hemopoiesis was marked in the spleen from the loth day on and 
comprised both the myeloid and crythroid senes Extramedullary rayclopoiesis 
was also prominent in the lymph nodes at 3 and 4 weeks 


Hematologic Findings 

Cellulartty of the bone marrow decreased during the first 4 days after irradiation The 
first evidence of recovery was noted at 7 days The total cellularity was still below 
normal at x weeks Over 90 per cent of the available marrow space was occupied 
by active marrow at 3 and 4 weeks The different cell types showed marked differ- 
ences in rate of diminution and regeneration 

The first regeneration of nucleated red cells of the marrow was noted at 7 days 
Average indices reached normal at 10 days, but fell again by 14 days and rcmaine 
below normal throughout the period of observation 
The statistically significant fall in nucleated red cells at 3 weeks and the reaewe 
increase at 4 weeks is in essential agreement with the data of Langendor an 
Papperitz,^® who believe that regeneration of hematopoietic tissui^s after x ray 
injury proceeds in waves The possibility of excessive myclopoiesis suppressing 
erythropoicsis appears to fit the data well, especially as the slight decrease in 
myelopoiesis at 4 weeks is accompanied by a corresponding increase in nuc ea 
red cells ■* , 

The reticulocyte count in the peripheral blood dropped from its average 
value of X o per cent to o x per cent within X4 hours after irradiation 
at this low level at x and 4 days After 7 days up to o 8 per cent were foun 

loth day reticulocyte counts varied from X o per cent to XX o per cent promt 

daj^ on reticulocyte levels ranged from x o per cent to 5 o per cent ^ 

The rapid reticulocyte drop within X4 hours after irradiation wou m 
rather short lived reticulocyte stage of the red cell in the mouse 
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Total rcJ cell counts, hcmatocnc and hemoglobin values dropped only slightly 
during the first 4 da) s after irradiation They were markedly reduced between the 
yth and 14th da^ The lowest average values w'crc observed m one group of six 
animals examined and killed on the 10th day (RBC 6,600,000 ±800,000, Hb 14 o 
±1 o, hematocrit 33 ±9) At 3 w-ceks only slight residual anemia was present At 
4 w'eeks total red cell counts w'cre frequently within normal limits (Control group 
RBC 9,600,000 ±i,3CXD,ODo, Hb iS 4 ±i 8, hematocrit 510 ±0 5) In most groups 
examined the i-week-values w’ere below the one-week-levels but occasionally the 
reverse w'as the case 

The vi^tlofotcttc viarrow diminished more gradually than the red cell precursors 
The lowest level w'as reached at 4 da)s Regeneration proceeded quickly and the 
m)elopoictic indices w'ere above normal from the 14th day on The period of ob- 
servation IS too short to determine whether the slight but significant drop in 
m)clopoiesis at 4 w'ceks indicates a return to normal values or not 

The peripheral granulocyte counts reflected the marrow changes accurately 
As in the marrow^ the lowest granulocyte level, amounting in some animals to 
agranulocytosis, w^as reached at 4 days There was slight recovery by the yth day 
A marked left shift w'as present both in the marrow and in the peripheral blood at 
10 days 

Marrow lymphocytes, normally representing almost xo per cent of the active marrow 
cells, dropp»cd to a low value wnthin X4 hours Lymphocytes in the marrow re- 
mained scarce until the end of the observation period, except for an abrupt, tem- 
porary rise around the loth da)’’ The cells recorded as lymphocytes in our lo-day- 
data included a varying number of large cells with dark blue cytoplasm and with 
somewhat finer distribution of nuclear chromatin than that of mature lymphocytes 
Some of these cells showed great similarity to myeloblasts, but lacked nucleoli 
These cells are probably identical with the lymphoidocyte of Pappenheim We 
feel that the morphology of these cells is not sufficiently distinctive to permit 
them to be differentiated from lymphocytes when they are present in small numbers 
only We have therefore recorded them with the lymphocytes 

As to the function of these cells, however, there is reason to believe that they 
are stem-cells of the granulocytic senes Cells of this type did not appear in the 
peripheral blood, a fact which supports the contention that they arc stem cells 
Their appearance in the bone marrow coincided with a marked left shift in the 
granulocytic scries and preceded a rapid increase of myelopoiesis This suggests 
that these lymphocyte-like cells are stem-cells of the myeloid series 

Discussion 

There is general agreement in the literature, as reviewed by Dunlap,' that lym- 
phoid, myelopoictic and erythropoietic tissues show increasing resistance to x- 
radiation in the order named lln contrast, the almost complete disappearance of 
normoblasts from the bone marrow within 2-4 hours of irradiation in our experi- 
ments points to a considerable sensitivity of red cell precursors to radiation The 
bone marrow did not show the striking phagocytosis of cellular debris found in 
the lymphoid tissues However, in view of the vascularity of the bone marrow and 
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the probable intravascular development of erythroblastic cells, cellular debns 
might be expected to be flushed out rapidly|For this reason, the small amount of 
cellular debris and phagocytosis in the bone marrow does not exclude the possi- 
bility of widespread disintegration of red cell precursors, such as would account 
for the drop in normoblasts and the rapid accumulation of hemosiderin in the 
spleen Evidence of direct damage to, and disintegration of, erythroblasts in the 
bone marrow following x-ray injury has recently been described by Bloom and 
Bloom These authors used x-ray dosages similar to ours, but different technics 
for the study of the bone marrow They concluded that the erythroblasts in mice, 
rabbits and rats are more susceptible to radiation damage than are myelopoictic 
cells The erythroblast of the chicken appeared at least as sensitive to radiation as 
did the small lymphocytes which are commonly found in nodules in the chicken 


marrow 


Peripheral blood counts showed an almost immediate drop in lymphocytes, and 
a more slowly developing granulocytopenia This is in keeping with the longer 
life span of granulocytes and the slower diminution of myeloid cells in the bone 
marrow Granulocyte levels rose again with myeloid regeneration L)miphopema 
was, however, more prolonged than granulocytopenia At x weeks the lymphocyte 
count was still only 50 per cent of the lower limit of normal, although the lym- 
phoid tissues had regained their normal weight and lymphopoiesis appeared to be 
slightly in excess of normal The lymphopenia in the bone marrow was even more 
marked and prolonged This lag between resumption of active lymphopoiesis m 
the tissues and recovery of normal lymphocyte levels in the peripheral blood has 
been observed in other species The significance of this lag period is obscure It 
IS conceivable that the slow return of the peripheral lymphocyte count to normal 
levels IS due to the fact that lymphopoiesis exceeds normal only by a slight margin 
during regeneration After replacing the daily loss of lymphocytes from the pe- 
ripheral blood, only a small excess would remain and a considerable time would be 
required to restore the peripheral lymphocyte count from its low level following 
irradiation On the other hand, the lag in recovery of peripheral lymphocyte counts 
may be due to disturbances of the mechanism regulating the release of lymphocytes 
from the tissues and their distribution throughout the body Most likely severa 
factors are in operation following irradiation and the rate of recovery of the 
peripheral lymphocyte count should not be expected to reflect necessarily the 


activity of, or the amount of original damage to, the lymphoid tissues 
No evidence of diminution or proliferation of the reticuloendothelial cells was 
found The only function of the cells of the RES that can be studied morphologica h 
their ability to phagocytosc, appeared to be intact throughout the period or 0 
servation In the lymph nodes phagocytosis of cellular debris was extensive during 
the first X4 hours, due to extensive destruction of lymphocytes, and was again 
marked, in conjunction with active regeneration of lymphocytes, from the 4 
day on In the spleen large amounts of hemosiderin were present in phago y 
cells from the ist to the 7th day after irradiation The ability of the RES to 
cytose appeared also intact in experiments (unpublished) in which carbon par 
were injected intravenously in nucc of the same strain, age and sex, at vary mg 
tervals after irradiation with 400 r In these experiments active phagocy 
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carbon particles b) the reticuloendothelial cells of the liver, spleen and bone mar- 
row was comparable to, or in excess of, that observed in nonirradiated mice 
Our basic problem, to estimate the duration of suppression of lymphoid and 
hematopoietic activit), can receive only a qualified answer Estimates based on 
the histologic appearance of the 1) mphoid tissue suggest that the limit of marked 
suppression of lymphopoiesis was about 14 days Peripheral lymphocyte levels 
were still below normal at that time and this would indicate a longer time interval 
between irradiation and recovery Total granulocy^te counts reached normal levels 
at 14 days Again estimates of the recovery time may vary’’ somewhat, as the number 
of fully' segmented granulocytes reached normal levels somewhat later than the 
total granulocyte count The practical problem is simplified by the fact that dam- 
age to the myeloid tissues, though probably' of slighter degree, is still qmte severe 
during the first 10 days This would certainly' leave too narrow a time margin for 
any' experiments designed to demonstrate the relative function of granulocytes and 
ly mphocytes based upon a supposed selective suppression of one cell type The lack 
of any morphologic evidence of damage to the reticuloendothelial system suggests 
that functional studies concerned with the relative functions of the lymphoid tissues 
and the RES may be undertaken during the first z weeks following irradiation 
under the experimental conditions used Such experiments must be interpreted cau- 
tiously because of the concomitant damage to the bone marrow and because of the 
possibility that the RES may have been altered in functional capacities other than 
Its ability to phagocytose 


Summary 

Quantitative myelograms, peripheral blood counts and the histologic appear- 
ance of lymphoid tissues were studied in albino mice of the CFW strain during a 
period of 4 weeks following single whole body radiation of medium dosage 
Nucleated red blood cells disappeared almost completely from the marrow within 
2-4 hours after irradiation Regeneration of the crythroid series commenced around 
the 7th day Only mild to moderate anemia developed, presumably due to the 
longevity of red blood cells 

Suppression of mitotic activity and diminution of the myeloid marrow was 
marked during the first week after irradiation Granulocytopenia in the peri- 
pheral blood was severe for a very short period only In contrast, early damage to 
the lymphoid tissue was more pronounced and lymphopenia was of longer dura- 
tion than granulocytopenia in spite of early regeneration of the lymphoid tissues 
Differences in the relative amount of damage to lymphoid and myeloid tissues and 
in their rates of regeneration were not of sufficient magnitude to indicate a truly 
selective damage to the lymphoid tissues under the conditions of our expermiments 
No morphologic evidence of damage to the reticuloendothelial system was 
found The possible use of irradiated animals for functional studies of the lymphoid 
apparatus is discussed 
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Bj ) MuRRA'i Weiner, M D , Kurt Zeltmacher, M D , Carl Reich, M D , 

AND Shepard Shapiro, M D 

I N 1941, Helen Wright' described a method for estimating the adhesive quality 
of platelets Confirmation of the original findings by Spooner and Meyer- estab- 
lished the procedure as a means of distinguishing this property of platelets It is 
the purpose of the present report to evaluate the usefulness of the method in clinical 
medicine 

Method 

Fi\cml of blood IS obtained b\ clean \enipuncturcvith a drj needle and sjringc, and delivered into 
a small dn bottle containing 8 mg potassium oxalate and 4 mg ammonium oxalate * The bottle is gently 
rotated to aid solution of the oxalate Within 10 minutes a r ml sample of this oxalated blood is pipetted 
into a glass tube with a bulbous dilatation at one end The tube is then rotated at 7 r p m Samples for 
serial platelet counts arc withdrawn before rotation is begun, and c\cr) 10 minutes for 80 minutes The 
platelet counts are made using the standard red cell pipet with Recse-EcLcr diluting fluid to which x per 
cent formaldch)dc has been added The diluting fluid is autocla\cd after it is prepared, and stored at 
refrigerator temperature Each portion is filtered before it is used The counting chambers arc placed on 
wet filter paper and coxcred with a pctri dish after being loaded This permits the platelets to settle with- 
out dn ing on the chamber for about a half hour before the count is made By this technic large clumps of 
platelets arc rarel) seen, and microorganisms which ma) be confused with platelets arc kept at a mini- 
mum 

The serial platelet counts are calculated in terms of per cent of the initial count, and a curve is plotted 
with the number of remaining platelets as ordinate and the time in the rotating tube as abscissae The 
cun c then represents the proportion of platelets which have failed to adhere to the wall of the rotating 
tube In normal induiduals, platelet counts usually fall to about 30 per cent of the initial count in 80 
minutes Adhesu cncss determinations carried out in xi adults without evidence of disturbed coagulation 
or phenomena indicatnc of vascular alteration, yielded counts of from X5 per cent to 40 per cent of the 
initial count in 80 minutes In almost every case, the estimations were made in duplicate The initial 
counts ranged from 140,000 to xxo,ooo per cmra The data obtained in the xx subjects is summarized in the 
solid curves of figure 3 

Since platelet counts xary widely xvhen made by different observers, the counts have been made b) one 
person espcciallj practiced in the procedure, who had attained thoroughly consistent manipulative char- 
actcnstics We have found the procedure time consuming and inconsistent when the technic was varied 
only slightly Prothrombin estimations were made by a method prev lously described * Fibrinogen levels 
were established by determination of the protein content of plasma before and after the contained fibrino- 
gen was coagulated and removed 

Results 

The present report embraces a study of the curves of platelet adhesiveness in no 
instances which include both normal and a large variety of disease states 

From the Third (New York Univcrsit)) Division, Goldvvater Memorial Hospital, Welfare Island, 

N Y 17 ,N Y , the Lenox Hill Hospital, and the Department of Medicine, New York Universit) College 

of Medicine 

Aided by a grant from the Blood Transfusion Assoaation of New York 

• Since this paper has been submitted, we hav e been using o x mg heparin per ml blood in place of the 
oxalate 
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No abnormality in platelet adhesiveness was demonstrated in a large variety of 
diseases in which disturbed coagulation was not a factor These include infectious 
mononucleosis, 2. cases, erythema multiforme, i case, pulmonary hemorrhage secon- 
dary to bronchiectasis, i case, duodenal ulcer, a cases, one actively bleeding, 
rheumatic heart disease, 3 cases, arteriosclerotic heart disease, 4 cases, hypertensive 
heart disease, 4 cases, diabetes mellitus, a cases, rheumatoid arthritis, z cases, 
amyloid disease, i case, subarachnoid hemorrhage, i case, and multiple sclerosis, 
I case The detailed data which follow represent instances in which altered ad- 
hesiveness of the platelets and/or coagulability were demonstrated 
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Fig I Patient G Efpect or Hyperprothrombinemia Induced by Large Doses of Vitamin K 
So/iJ Itm indicates Gantrol Cdilutcd, 12. 5 per cent, plasma prothrombin Time, 4^ sec norfflsO 
Broken line indicates third day (12. 5 per cent plasma prothrombin time, 35 2. sec } Dotted Itne indicate 
fourth da) (12. 5 per cent plasma prothrombin time, 31 8 sec ) 


/ Platelet Adhesiveness tn Hypercoagt/lable Blood 
The adhesiveness of the platelets was studied in conditions in which the blood 
was hypercoagulable It is possible to induce this condition experimentally m some 
subjects with normal liver function It occurs spontaneously in some cases 
vascular thrombosis It is detectable by a reduction in prothrombin time to^a c 
below the limits of normal (hyperprothrombinemia) and/ or thrombocytosis 

(a) Hyperprothrombtnemta Induced by Vitamin K * 

Synthetic vitamin K (S) nkayvite} (Tetrasodium x-mcthyl-i, 
quinone diphosphonc acid ester) 76 mg daily on four successive dj _ 
a subject with normal liver function, in order to induce hyperprot ro 

(fig i) 


4-naphthohydrO' 

LVS was given to 
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o( ihcnvpv 

1 

Prothrombin time of 
diluted (13 

Fibrinogen 

Initial platelets in 

80 minutes 


seconds 

tngmIlOO ml 

(r 

/o 

Control 

41 1 

410 

2-9 

Third 

^5 2- 

1 

400 


Fourth 

31 S 

450 

9 

Sixth 

1 4 ^ 0 


' 10 


* Normal range 37-41 <;econds 


(b) Reactive Tbrowbocjtosis aue} H^perprothrombiuemia in Thrombosis ® 


Diapno*^!*; 

Prothrombin time of 
diluted ( 12 . 5 %) plasma’i 

Platelet count 
per emm 

Initial platelets in 

80 minutes 


1 

seconds 


% 

Acute \cnous thrombosis 

33 

600,000 

30 

Acute coronary thrombosis 

Not made 

600,000 

^4 


* Normal range 37-41 seconds 

2 Platelet Adhesiveness in Hypocoagulable Blood 
(a) Dicumarol-indticed Hj}poprothrombinemia- ® (fig z) 


Prothrombin time of nhole plasma 

Initial platelets m eight} minutes 

Diagnosis and remarks 

seconds 

% 


14 0 

33 

Pulmonary embolus, on di 
cumarol therapy 

0 

0 

53 


14 0 

53 


0 

H 

30 

Recovered Therapy with- 

drawn 


(b) Thrombocytopenic Purpura 

A zo year old white male showed the clinical manifestations of thrombocyto- 
penic purpura The platelet counts varied between 22., 000 and z2X),ooo and were 
usually below 80,000 per emm The intensity of the clinical symptoms could not be 
correlated with the degree of thrombocytopema The prothrombin time, fibrinogen 
concentration, clot retraction and clotting time were consistently normal Four 
determinations of platelet adhesiveness were made The initial counts varied be- 
tween 60,000 and zzOjOoo In none of these did the count fall below 47 per cent of 
the initial value after eighty minutes The average count after eighty minutes was 
53 pet cent The average of the four determinations is compared to the normal in 
figure 3 

(c) Spontaneous Purpura in Pregnancy 

A z6 year old female para i gravida i, commenced to show diffuse purpuric 
hemorrhages during the sixth month of pregnancy Physical examination revealed 
no other positive findings Prothrombin time, fibrinogen concentration and clotting 
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Fig z Patient W 

SoUd Itnt indicates control Brohn lint indicates after dicumarol Cprothrombinopcnia) 



Fig 3 Platelet Adhesiveness in the Noeaial and in Thrombocytopenic Purpdra 
Curse A represents the average value of zz normal individuals Curves B and C represent the as 
dcsiauon of these normals Curve D is the average of 4 estimations made in a patient svith throm 
C} copcnic purpura The initial platelet counts varied between 60,000 and xi.o,ooo 


time were normal The platelet count was i58,ckdo and the adhesiveness 
yielded a fall to 67 per cent of the initial count in 80 minutes The 
tion subsided spontaneously one month later, and the adhesiveness curve bcc 
normal 
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Cd) Frolouged Clotting Time and Hemorrhage 

A male adult with chronic rheumatic valvular disease, exhibited continuous 
oozing of blood from the gums for three days after a tooth was extracted The 
bleeding and prothrombin times were normal, but the clotting time was slightly 
prolonged to seven and one-half minutes by the rotating tube method ^ (Upper 
limit of normal is si\ and one-half minutes ) At that time the platelet count was 
140,000 and the adhesiveness curve fell to 30 per cent in 80 minutes After the 
hemorrhage ceased, the clotting time became reduced to normal (four and one-half 
minutes) and the platelet count increased to 370,000 and the adhesiveness curve 
yielded a reduction to iS per cent of the initial count in sixty minutes, which is 
indicative of an increase beyond normal 


Sa/iJ line indicates control 



Fig 4 PATiErJT R Hemophilia 

Broken Itne indicates coagulation time reduced by Fraction i 


(e) Chrome Myelogenous Leukemia 

A male adult with chronic myelogenous leukemia began to show diffuse purpura 
concomitantly with marked increase in peripheral myeloblasts The platelet count 
Was 2.6z,ooo but the adhesiveness curve fell only to 8 z per cent of the initial count 
in eighty minutes The clotting time and prothrombin time were normal The 
patient died of exsangmnation three days later 

(f) Hemophilia Effect of Antihemophiliac Fraction one*^ 

An 18 year old Negro male of unknown parentage showed the coagulation de- 
fects characteristic of hemophilia since early childhood The bleeding time, pro- 
thrombin time, and fibrinogen content of the plasma were normal The clotting 
time, when the present study was made, was si\ty-nine minutes by the rotating 
tube method (Normal = four to six and one-half minutes) The platelet adhesivc- 

* Fraction i i\as prepared froni blood collected bi the American Red Cross under a contract 
the Office of Scientific Research and Deielopment and Harvard Unncrsin It was supplied t 
courtesy of Dr Louis K Diamond 
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ness curve fell to 38 per cent in eighty minutes (upper limit of normal) Anti- 
hemophiliac fraction i was admimstered intravenously The coagulation time be- 
came reduced to 16 minutes and the adhesiveness of the platelets increased to 13 
per cent in eighty minutes (fig 4) 

A 40 year old white male with hemophilia the diagnosis was established in 
early childhood The coagulation time ranged between 37 and 47 imnutes by the 
rotating tube method (normal = four to six and one-half minutes) On numerous 
occasions, platelet adhesiveness was determined and averaged 31 5 per cent of the 
initial count in eighty minutes He was given fraction i intravenously, and the 
clotting time was reduced to between four and ten minutes at various times 
Platelet adhesiveness estimated when clotting time was reduced to normal, yielded 
an average of X4 per cent (two estimations) in eighty minutes 

Summary of Findings 

In the presence of hypercoagulable blood occurring spontaneously in association 
with thrombosis or artificially induced by large doses of vitamin K, the adhesive- 
ness of the platelets was generally increased In the spontaneously occurring cases, 
the change was not constant, instances of normal adhesiveness having been ob- 
served even in the presence of marked thrombocytosis Hypocoagulable blood, 
whether occurring as part of a blood dyscrasia, or induced by dicumarol, was ac- 
companied more consistently by decreased adhesiveness of the platelets In hemo- 
philia, the clotting time and the adhesiveness simultaneously were reduced follow- 
ing restoration of coagulability to normal by Fraction i 

In several cases exhibiting hemorrhagic phenomena, decreased stickiness of the 
platelets was the only defect found in the coagulation mechamsm 


Discussion 

Adhesiveness of platelets appears to be dependent upon at least two factors 
the intrinsic properties of the thrombocyte surface, and the character of the medium 
in which the platelets are suspended It is believed® that fibrinogen is converte 
into fibnn on the surface of the platelets, and that adhesiveness is the result or t 1 
change It would follow then, that inhibition of the clotting mechanism 
impair the adhesive capacity of the thrombocytes and conversely, that augmen 
coagulability should accelerate adhesiveness The findings confirm the first hypo 
esis but support the latter with less constancy in hypercoagulability 
ing thrombosis Hypocoagulable blood may be induced by deficiency of any co 
ponent factor of the clotting mechanism Thrombosis, on the other hand, 
to be the result of a combination of events of which hypercoagulability o 
blood may, or may not, be one In addition, in thrombotic disorders, antic^^^^^ 
lants may be elaborated into the blood stream, presumably as a 
anism, so that, when examined in vitro, the behavior of the throm ocy^ jpcci- 
vary according to the particular type of response operating at the time 
men is obtained Nevertheless it seems logical to assume that in a given ^ 
detection of increased adhesiveness of the thromboc)' tes warrants 
possibility of thrombosis being present or imminent In earlier stu 
found evidence of increased prothrombin activity in the presence o 
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thrombosis, and have suggested it as a diagnostic aid, both in the detection of 
thrombosis (cspecialJ) in inaccessible locations) as well as in the selection of 
probable candidates for the complications The practical application of the detec- 
tion of hypercoagulability of the blood, particularly in postoperative cases, and 
following parturition, is obvious Studies of this kind in inadequately understood 
disease states accompanied by thrombosis such as thrombocytopenia with platelet 
thrombus formation'® might shed some light on the mechanism underlying the 
disorder 

The correlation noted in some of our cases, between the state of coagulability 
of the blood and adhesiveness of the platelets, seems to support the fibrin theory 
of stickiness of thrombocytes A few observations seem to require additional ex- 
planations microstaining studies have not revealed fibrin on platelet surfaces " 
In the presence of the markedly increased clotting time in hemophilia, the detecta- 
ble differences in adhesiveness as compared with the normal have been relatively 
slight, while in dicumarol-induced prothrombinopenia of moderate seventy, much 
greater interference in platelet adhesiveness is the rule In the cases in which fibrino- 
gen determinations were made, the changes in platelet adhesiveness were found to 
occur independently of the concentration of this protein in the plasma 
The deficiency in adhesiveness of the platelets noted in hemophilia is of particu- 
lar interest Since the blood is hypocoagulablc, it is not possible to determine from 
the present study whether or not the platelets are functionally defective in hemo- 
philia The sticJancss of the thrombocytes is promptly increased when the coagula- 
tion defect is corrected by Fraction i It is possible that the improved adhesiveness 
IS an expression of the more normal coagulability of the blood In thrombo- 
cytopenic purpura, we have found Fraction i to be without effect This phase of 
the study is being extended in this laboratory 
The two cases of bleeding described above (cases c and e) in which deficient ad- 
hesiveness of platelets was the only detectable defect in the coagulation mechanism, 
suggest that a knowledge of the state of the stickiness of thrombocytes may be of 
assistance in explaining instances of hemorrhagic tendencies which do not fall in 
categorized syndromes 

Summary and Conclusions 

The method described by Helen Wright for estimation of the adhesiveness of 
platelets has been found to be reproducible Adhesiveness of platelets is reduced in 
the presence of hypocoagulablc blood It may or may not be enhanced when the 
blood IS hypercoagulable In hemophilia, the adhesiveness of platelets has been 
found to become increased beyond the premcdication level when the coagulation 
defect is corrected by Fraction i derived from human plasma Two cases exhibiting 
bleeding are described in which deficient adhesiveness of the thromboc) tes was the 
only demonstrable defect noted in the coagulation mechanism 
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CHRONIC LEG ULCER IN DISEASES OF THE BLOOD 


By Benja^hn R Gendel, M D 

C hronic leg ulcers have been described as a complication of several 
diseases of the blood and are best known in association with sickle cell 
anemia Diggs and Ching' reported that chronic ulcers or scars of old ulcers were 
present in 75 per cent of adults with this disease However, it is less commonly- 
appreciated that other diseases of the blood may present the complication of 
chronic leg ulcer In 192.5, Gansslen* mentioned a 19 year old patient with con- 
genital (hereditary) hemolytic anemia who, over a period of nine months, had 
recurrent leg ulcers which resisted therapy, but healed eight days after splenec- 
tomy Since that time over twenty patients with hemolytic anemia have been re- 
ported with chronic leg ulcers The exact incidence of this complication is difficult 
to determine, but Vaughan® described the occurrence of leg ulcers in three patients 
of a series of 18 with congemtal hemolytic anemia Taylof* reported one patient 
with leg ulcer among 43 patients with hemolytic anemia The combined incidence 
for the complication of leg ulcer in these two senes is 6 5 per cent Following the 
report of Taylor which summarized the previous literature, two cases were reported 
by Leger and Orr® and another by McGovern ® The ulcer complicating hemolytic 
anemia occurs in younger people and is located on the lower onc-third of the legs 
Ulcers were usually several centimeters in diameter and were surrounded by an 
area of pigmented skin In half the cases, the ulcers were bilateral In the majority 
of instances healing occurred rapidly after splenectomy, although the lesions 
proved refractory to previous therapeutic efforts 
Several French authors^ ® have noted the association of chronic leg ulcer with 
splenomegaly The diagnosis in their cases is not clear, but they seem to represent 
patients with Banti’s syndrome of congestive splenomegaly because leukopenia and 
recurrent hematcmesis were present Witts® reported two patients with idiopathic 
thrombocytopemc purpura complicated by indolent leg ulcers His first patient was 
a XI year old female with thrombocytopenic purpura of nine years duration Six 
years earlier an ulcer appeared on the left leg which did not heal for two years Sub- 
sequently an ulcer appeared on the right leg, but healed in less time Both remained 
healed thereafter The second patient, a x6 year old man with a lifelong history of 
excessive bruising and bleeding, had chrome leg ulcer for eight or ten years The 
weight of the spleen removed at operation was ixx Gm In this case there was no 
improvement of either the general condition or the leg ulcer after splenectomy 
Witt also stated that leg ulcers occurred in Gaucher s disease 
The unique occurrenct of leg ulcer in pernicious anemia was reported by Lasch 

From the Medical Sertice, Veterans Administration Medical Teaching Group Kennedi Hospital, 
Memphis, Tennessee 

Published with the permission of the Chief Medical Director, Department of Medicine and Surgen , 
Veterans Administration, who assumes no rcsponsibihtt for the opinions expressed or the conclusions 
draw n bj the author 
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CHRONIC LEG ULCER IN BLOOD DISEASES 


His patient had bilateral, symmetrical, deep ulcers above the ankles almost as 
large as the palm of one’s hand Varicose veins were not present The patient had 
the typical picture of pernicious anemia with slight jaundice, histamine fast 
achyha, glossitis, macrocytic anemia with high color index, and megaloblastic 
bone marrow The spleen was slightly enlarged Following treatment with liver 
extract, healing began coincident with the reticulocyte peak on the fifth day, and 
the ulcer healed completely A patient with chronic hemolytic polycythemia was 
described by Rau and co-workers Their patient, a 37 year old female with a five 
year history of fatigue, had ulcers of the lower legs Blood studies revealed a poly- 
cythemia, spherocytosis and increased fragility of the red cells 
It is apparent from the preceding review of the literature that leg ulceration may 
occur in the course of a number of diseases associated with hemolytic anemia or 
splenomegaly It is the purpose of this report to describe two patients with dis- 
orders of the blood aside from sickle cell anemia, who had complicating leg ulcer, 
and to discuss some of the possible mechanisms for this interesting association 
In one of these patients the leg ulcer was the first symptom of the disease 


Case Reports 


Case 1 The patient, a 51 year old white man, entered the hospital because of recurrent right upper 
quadrant pain and jaundice, of seven jears duration These attacks were intermittent and accompanied 
by dark unne, light stools, fever and vomiting In May and October, 1546, the patient had similar attacks 
of obstructive jaundice Splenomegaly was noted several years before admission The patient also com 
plained of a chronic leg ulcer just above the left ankle of about twenty-seven years duration This was 
previously considered to be a varicose ulcer despite the absence of varicose veins A skin graft had been 
done in another hospital in November, 1946, prior to his admission to this hospital, and healing bad 
progressed satisfactorily, although the healing ulcer exuded a serous fluid on dependency of the leg 
The past historj revealed that since 1931 the patient had recurrent pain in both knees, occasionally 
accompanied by slight swelling An uneventful appendectomy had been performed in 193a- lu October, 
1945 > patient was hospitalized at another hospital for an acute nephritis characterized by edema, 
hypertension, albuminuria, and hematuria, all of which gradually cleared up in several months 

The family history revealed no instance of a similar disease A complete examination of all membe« o 
the family was not possible, but two siblings who were examined showed no evidence of hemo ) 
anemia 


Physical examination revealed an acutely ill, febrile, anemic man with moderate icterus The 
pressure was 140/80 Heart and lungs were normal No significant lymph node enlargement was presen^ 
The liter was not palpable but there was tenderness over the gallbladder region Spleen was rea 1 
pablc three fingerbreadths below the left costal margin There was a well healed McBumey scar n 
ulcer covered b) a recent skin graft was noted just above the external malleolus of the left leg C S 
It measured a 6 cm in its longest diameter The remainder of the examination was not significant 
The admission blood count revealed a red cell count of x, 2-00,000, hemoglobin, n 5 
9i5°°, 73 tient pohs, 2.4 per cent lymphoettes, i per cent monocytes, and r per cent ^ Jhi 
Reticulocytes 8 4 per cent Platelets normal The subsequent blood counts are summarized in tab ^ 
serum bilirubin on admission was i 3 mgm Kahn was negative Repeated urine examinations 
low , fixed specific gravit\ but were negative for albumin and sugar and no abnormal elements we^^ 
in the sediment Repeated urea clearance tests varied between 37 per cent and 59 per cent o 
amination of a wet preparation of the peripheral blood revealed definite spheroqtes Qns V 
fragilin of the red cells in hi-potonic saline was noted Giphalin flocculation, 4 plus in 48 of 

phosphatase, z 6 King-Armstrong units Prothrombin time, 88 per cent of normal X ray e 
the chest and both knees rescaled no significant pathology . j>Iood for heWU" 

After admission, fescr continued for the first five das s of hospitalization Tests o t e 
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Ijsins and agglutinins, using both saline and albumin as diluents, revealed no evidence of abnormal ag- 
glutinins or hemolj sins A splenectomy was performed on Feb 3, 1947, and a large spleen weighing i,izo 
Gm was removed Three small pieces of tissue considered to be accessory spleens were also removed On 
histologic examination the latter were found to be h) perplastic lymph nodes Following splenectomy, the 
patient s general condition improted remarkably and the blood count returned to normal Spherocytes 
persisted, although in lesser numbers than prior to splenectomy The ulcer healed completely and has 
remained well-healed ever since On May 6, 1947, a cholecystectomy was performed The gallbladder 
revealed evidences of chronic cholcqstius and contained several gallstones A hemorrhoideCTomy was 
performed on Jul} 19, 1947, because of severe symptomatic hemorrhoids The blood picture has been 
normal since splenectomy except for a slight persistent spherocytosis, slight leukocytosis and thrombo- 
q tosis 

Gist a * A 60 ) car old white man gave a history of illness since the antnmn of 1943 when he was ad- 
mitted to a hospital in coma w ith slight neck rigidity and paresis of the right external rectus muscle 
There was a bloody ooze from the gums The spleen was found to be enlarged Spinal fluid examination 
rcvxalcd a xanthochromic fluid under increased pressure Blood studies revealed a pancytopenia A diag- 
nosis was made of subarachnoid hemorrhage due to an underlying blood dyscrasia of unknown q pc 
Treatment consisted of general supportive therapy including blood transfusions, as a result of which the 
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patient gradually regained consciousness and the bleeding from the gums ceased Further w orkup did not 
elucidate the nature of the dyscrasia and the patient returned to his home several hundred miles awav 
Although he was instructed to return for study on completion of his convalescence at home, he was not 
observed again until Dec 1946 when he consulted a urologist because of bloodj urine beginning in Nov 
1946 and persisting for four to six weeks Studies revealed no local cause for the bleeding A panev to- 
pcnia was again noted 

The past history revealed that seven years prcviousl) the patient had a tooth extracted and following 
this there w as severe bleeding which necessitated blood transfusion 

The patient s father was reported to have had hemorrhage from the lung prcsumablv due to an infec- 
tion alleged not to be tuberculosis A sister had an episode of severe bleeding following extraction of 
teeth 

The physical examination revealed a markedl} obese, elderlj, white male Blood pressure leo So 
Heart and lungs were normal to physical examination No Ivmph node enlargement was found The ab 
domcn was extremely difficult to palpate due to the extreme obesitv but the spleen could be felt three 
fingers below the costal margin The liver appeared to be enlarged tvv o fingers below the costal margin to 
percussion There was a superficial ulcer, about 4x6 cm , on the anterior surface of the right leg just 
above the malleoli No varicosities were noted 

* The author thanks Dr L) le Motlcv of Memphis, Tennessee, for the opportunitv to sec this patient 
and for his permission to report this case 
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The blood counts arc summarized in table a A sternal puncture revealed a nonspecific hyperplasia of 
the marrow 

The patient was treated with repeated transfusions and showed a slight improvement He returned 
home again only to return on March 14, 1947, in a comatose condition A history of head injury two 
weeks prior to admission was obtained, followed in ten days by drowsiness, progressing to coma two 
days before admission Lumbar puncture revealed a bloody fluid which became clear toward the end of the 
tap The patient was treated with nasal oxjgen, penicillin and other supportive measures His tempera 
ture rose progressively to 106 6 F on the third hospital day when he expired on March 16, 1947 

An autopsy was performed by Dr A Golden, Baptist Memorial Hospital, Memphis, Tennessee, on 
the same day The salient features included the presence of the previously noted leg ulcer on the lower 
right leg measuting approximately 10 cm in length and 4 cm in width No evidence of intracranial 
hemorrhage was noted Numerous pin-point hemorrhages were noted in the intestinal tract and the 
stomach and intestines were filled with a hemorrhagic fluid Esophageal varices were noted The liver 
(injo Gm ) revealed typical hobnail cirrhosis (Laennec s) and the spleen (Soo Gm ) showed congestive 
changes The final anatomical diagnosis was Cirrhosis of liver with portal obstruction, splenomegaly, 
portal hv^rtensive type, esophageal varices, and hipcrplasia of the bone marrow 

Discussion 

The first patient presented a typical hemolytic anemia, the earliest symptom of 
which was the leg ulcer This proved resistant to treatment over a period of twenty 
seven years and finally healed after skin-grafting and splenectomy Based on pre- 
vious reports it is possible that splenectomy alone would have been equally effica- 
cious It IS interesting that the fundamental condition was not appreciated and the 
diagnosis during this time was varicose ulcer, despite the absence of varicose veins 
It was impossible to determine definitely whether or not the patient had an heredi- 
tary type of hemolytic anemia, because of inability to examine all of the other 
members of the family, but the persistence of spherocytes after splenectomy sug- 
gested the hereditary variety The second patient presented a difficult problem m 
diagnosis At different times a variety of diagnoses were considered but the autopsy 
revealed cirrhosis of the liver and congestive splenomegaly (Banti s syndrome; 
The pancytopenia could then be explained by assuming a secondary bypctsplcn^sm 
which developed as a result of the congestive splenomegaly The patient presen 
the unusual complication of leg ulcer in association with Banti s syndrome 1®*^ 
lar cases were reported previously by Lombard and Nanta’ and by Gregoirc an 
Weill 5 

The pathology of the ulcerated lesions of the legs has not been 
Essentially, the ulcers revealed a nonspecific infiltration with inflammatory ’ 
sometimes associated with fibrosis and hemorrhage ® ® 7 The mam value 0 
w'ould be to rule out other specific leg ulcers such as those due to syphilis or 
culosis Biopsies were not undertaken in either of these patients 

The pathogenesis of the leg ulcers accompanying these varied disor ers^ 
blood has not been satisfactor ly explained In the case of sickle cell 
supposed that the general tendency to vascular thromboses migbt rcsu 
thrombosis of the skin of the legs and the development of leg ulcer ox 
explanation would not satisfactorily account for the ulcers occurring occurs 
diseases, in which the tendency to thrombosis has not been noted 
in most of these diseases but is not characteristic of cither t ro 
purpura or Banti s sy ndrome The common denominator woul seem 
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to the Spleen All the diseases in which leg ulcers have been noted, have been ac- 
companied by splenomegaly, with the exception of thrombocytopenic purpura and 
some patients with sickle cell anemia in whom the spleen may be atrophic In 
the former, evidence has been presented for a splemc inhibition of the bone marrow 
(hypersplemsm) to account for the deficiency of platelets Sickle cell anemia is a 
hemolytic anemia, and on this basis it can be assumed that there may be some ex- 
cessive splenic activity accompanying the increased activity of the spleen due to 
sequestration of the abnormal red cells 

The rapid healing of the ulcer frequently noted following splenectomy suggests 
a causal relationship between the two, rather than a coincidental occurrence It is 
noteworthy that prior to splenectomy many forms of treatment including bed rest 
have failed to produce healing Consequently it is suggested that the leg ulcers are 
another manifestation of a remote effect of the spleen, perhaps a form of hyper- 
splenism mediated in a manner not yet known 


Summary 

The literature pertaining to the association of chrome leg ulcer with diseases of 
the blood other than sickle cell anemia has been reviewed 
Two patients with this association have been presented One patient had a 
hemolytic anemia and the other a pancytopema (secondary hypersplemsm) in 
association with congestive splenomegaly due to cirrhosis of the liver 
It IS suggested chat the association of leg ulcer with these various diseases of the 
blood IS related in an imknown manner to cither splenomegaly or hyperfunction of 
the spleen (hypersplemsm) 
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A QUANTITATIVE METHOD FOR THE DETERMINATION AND 
CHARTING OF THE ERYTHROCYTE HYPOTONIC FRAGILITY 


By John Suess, M D , Da vide Limentani, M D , Wiluam Dameshek, M D , 

AND Miriam J Dolloff, A B 

T he determination of the degree of hemolysis of the red blood cells in 
hypotonic salt solutions ( hypotonic fragility”) has continued to be of con- 
siderable interest since Duncan Johann,* in 1867, and Malassez,^' * * in 1873, in- 
stituted the method of using salt solutions to detect the varying resistance of red 
cells to hemolysis Since then, many new technics have been described and much 
controversial data regarding hypotonic fragility and its interpretation have been 
amassed It is only in recent years that full recognition of the importance of this 
test as a measurement of red cell thickness has been realized 
It is the purpose of this paper to present a new technic for the measurement of 
hypotonic fragility, based first on the photoelectric determination of the degree 
of hemolysis and second, upon calculation of the differences in the degree of hemo- 
lysis occurring in successive dilutions of hypotonic salt solution The graphic de- 
piction of these differences, or hemolytic increments, has proved of great value in 
assessing the red cell population according to its thickness variation, (thickness in 
relation to diameter), thus indirectly allowing evaluation of the probable type of 
hemolytic process present 

I Review of Literature 

So many methods for determimng the hypotomc fragility have been described 
that a thorough review of the literature is extremely difficult In 1867, Duncan 
Johann* reported an increased fragility in salt solutions of the red blood cells 0 
patients with chlorosis He did not elaborate on his observations and apparent y 
made no attempts to standardize his method 
Malassez,- * ■* while attempting to devise a practical method for the counting 
of red blood cells, observed that cells from different individuals become hemolyze 
at different time intervals in the diluting flmd used (a mixture of gum arabic vnt 
equal parts of solutions of sodium sulfate and sodium chloride) Malassez t 
described a quantitative method for the determination of red cell hemolysis co 
sisting of the use of the ‘ Potam mixer,” (the original red blood cell counting 
pipct) and m the performance of red cell counts at different time intervals, t^^^ 
determining the number of residual nonhcmolyzed red cells The time elcmen 
of paramount importance Urcelay,® Mallassez’s pupil, used a sodium 
non with a specific gravity of i 010 He established a curve based o** 
of nonhemolyzed erythrocytes at different time intervals and conclude t 
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normal blood two groups of red cells were present a smaller one of easily hemo- 
lyzed red cells and a larger one of cells which were more resistant to hemolysis 

ChaneP used three different dilutions of sodium sulfate in water, substituting 
the factor of dilution for the time factor and performing red blood cell counts to 
determine the number of nonhemolyzed red blood cells SimmeF and Whitby and 
Hynes® improved upon his technic Maragliano® (1885 et seq ) studied the resist- 
ance of erythrocytes to the action of heat, compression, exsiccation and human 
serum 

Hamburger,^® “ (1887 et seq ) originated the most widely used method, which 
was modified a number of times by himself and later by others He used test tubes 
containing solutions of sodium chloride which varied in strength from o 30 to 
o 60 per cent, adding defibrinated blood which was measured by drops The inter- 
pretation of the test was based on the discoloration of the supernatant flmd by free 
hemoglobin Ribierre^® wrote a comprehensive cntical review in 1903 summing up 
the progress made in the preceding thirty years He modified Hamburger s technic 
by standardizing many details 

In the ensmng years, many more modifications of Hamburger s methods were 
introduced (Mosso,^® Viola, Widal, Abrami and Brul6,^® Ponder, Wise- 
man and Bxerbaum,^® Lepcschkin,®® Daland and Worchlcy,®^ Beebe and Hanley,®® 
Creed,®® Waugh and Asherman,®'* Dacie and Vaughan,®® Hunter,®® Berk,®® Par- 
part^ ) Waugh and Chase ®® in 19x8 described a method which combined the prin- 
ciple of counting unhemolyzed red cells in the hypotonic solutions-red cell mix- 
true with the principle of measuring the amount of hemoglobin in the super- 
natant solution 

The following arc the most important features which have been modified by 
different authors 

I The type of anticoagulant used at first, defibrinated blood or fresh blood 
without an anticoagulant was used, later, oxalated, and still later, heparinized 
blood came to be preferred 

X The use of whole blood or washed red blood cells 

3 The amount of blood and hypotonic solutions employed 

4 The chemical composition, the number and strengths of the hypotonic solu- 
tions chosen Although most workers used solutions of sodium chloride, others 
selected solutions of other salts, such as sodium sulfate SimmeT used si\ different 
salts, attempting to create a mixture similar to that existing in the blood Other 
investigators used scrum from the same patient diluted in different proportions 
with distilled water 

5 The method by which the hypotonic solutions and blood were measured, 
many authors still using the drop as the unit for either or both solutions and 
blood, others using carefully standardized pipcts 

6 The method for determining the beginning and the end of hemol)Sis and the 
percentage of hemolyzed red blood cells in various dilutions of h) potonic solutions 
Galleram®" used the Fleischl hemometcr to determine the percentage of hemohzed 
erythrocytes In an attempt to obtain more accurate results. Ponder de^ ised differ- 
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ent methods to determine the degree of hemolysis he first used a radiometer/^ 
later selenium^® and potassium photoelectric cells, and still later a Stufenphoto 
mcter Waugh and Asherman-^ were apparently the first to use a photoelectric 
colorimeter for the measurement of the amount of hemoglobin present in the super- 
natant flmd in each tube 

7 The method of reporting results and, by some authors, of plotting them m 
graphic form Many of the methods require the simultaneous performance of a 
control test from a known normal subject 

With various changes in method, many different results have been obtained so 
that the data of any one author for normal and pathologic conditions are seldom 
comparable to those of another In most instances, all one can say is that the 
hypotonic resistance of the red cells is normal, increased or decreased 


n Method 

A F hotodectrtc dtunmnatton of the degree of hemolysts 

Our method is a modification of the photoelectric determination of erythrocyte 
fragility, as first described by Waugh and Asherman-'* in 1538, and later modified 
by Hunter^® in 1940 The Evelyn technic for the determination of oxyhcmoglobm 
IS used Since it is known that hemolytic systems are affected by small changes in 
the pH, temperature, oxygen and carbon dioxide contents, and by the age and the 
concentration of the red cells, we have attempted some standardization of these 
variants 

The stock solutions are prepared from freshly distilled water and chcmicall) 
pure sodium chloride, using the analytic balance Buffer salts arc purposely omitte 
because the sodium or potassium 10ns present may affect the tendency of the 
rocytes to hemolyze Solutions are prepared at percentage intervals of o 04 
tween the concentration of o 04 per cent and o 10 per cent and between those 0^ 
o 5X per cent and o 80 per cent sodium chloride Between the concentrations 
o lo per cent and o per cent the percentage interval between solutions is 0 
per cent The solutions are kept in glass stoppered bottles and the pH ° , 

solutions checked at two week intervals by the Beckman pH meter The P ° 
distilled water and the solutions was found to range between the two extrcin 
5 5 and 7 o When a variation from these two extremes occurred new 
were prepared The saline concentration of the solutions is checked by ^ 
nitrate method to insure its correctness Solutions are made up in 500 cc 
every four to six weeks, more frequently in the summer than m the 
compensate for greater evaporation, and arc kept at room temperature 
Z9 conical centrifuge tubes is set up in consecutive order, from o U ^ 
water) to o 80 per cent NaCl Using the same pijpct, 10 cc of each so 
ferred into the appropriately labeled centrifuge tubes Errors always m 

tion or concentration of solutions arc minimal since these arc pipe 
the same order (sec below) and a difference from one solution to t e n 
small to result in a significant error 

From X 5 to 5 cc of blood are collected without stasis 


from a suitable vein: 


and 
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sufficient heparin is used to prevent coagulation for 4 hours * The vial of blood 
IS gently rotated to insure complete oxygenation Exactly o ox cc of whole un- 
washed blood IS delivered into each solution of NaCl by means of a standardized 
and calibrated Sahli xo cu mm hemoglobin pipet After the blood has been pipetted 
into the salt solution, the pipet is filled once again with blood, which is dis- 
carded, and then again filled with blood for the next tube of salt solution 

This is done in order to avoid hemolysis or dilution of the blood sample which 
might result from the fact that the pipet had become contaminated ’ by the salt 
solution It IS advisable, when pipetting both the solution and the blood, to do 
so always m tht same order so that whatever error results from lowering or raising 
the saline concentration will always be in the same direction in all tests Accord- 
ingly, we have pipetted the salt solutions by proceeding from the lower to the 
higher concentrauons to avoid raising the saline concentrations, and we have 
pipetted blood by proceeding from the tubes in which no (or lesser) hemolysis is 
expected to occur to tubes in which greater hemolysis probably will take place 

The tubes are inverted several times, left for one hour at room temperature, and 
then centrifuged at 1500 r p m for ten minutes The supernatant fluid from each 
test tube is carefully decanted and read in the Evelyn colorimeter for hemoglobin 
content, using filter No 540 Two perfectly matched absorption cells arc used for 
all the readings The first cell contains the supernatant flmd from the o 80 per cent 
tube, which is used as the blank, since no hemolysis usiully occurs in this dilu- 
tion, and the second cell is used to match the consecutive dilutions against the 
blank If there is any reason to suspect that hemolysis will take place, or has taken 
place at o 80 per cent NaCl solution, a higher concentration of salt solution, 1 e , 
o 85 per cent NaCl solution or o 90 per cent, may be used for the blank 

Bile pigments, or any other plasma constituents which might alter the light 
absorption, will not interfere with the reading since they arc present in the blank 
in the same amount as in all the other tubes In any event, the use of the appro- 
priate filter automatically eliminates the possible error deriving from the presence 
of chromogens other than hemoglobin 

Several of the technics thus far devised include a correction for anemia, which 
involves the use of a larger amount of blood or removal of a certain amount of 
plasma whenever anemia is present in order to include the same volume of red cells 
In our experience, fragility curves in both normal and abnormal subjects, using 
different amounts of blood, yielded curves with irregular variations which were 
within the limit of experimental error Alterations of er)'’throcj te fragilit) \serc 
by no means proportional to the degree of seventy of the anemia Bloods \Mth the 
same degree of anemia from patients with different conditions sho^^cd distinctlj 
different types of curves For these reasons, and since the results of our tests arc 
reported in terms of percentage of the total amount of red blood cells hemoEzed, 

correction’ for anemia did not appear necessan and was, therefore, not carried 
out 

* One drop of Roche Organon Heparin ( Liquacmin ) as delnercd from a No -o needle is us-J for 
each sample of blood 
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The use of washed red blood cells rather than of whole, fresh, unmodified blood 
has been a highly controversial issue since Widal, Abrami and Brul6^^ showed that 
increased hemolysis to hypotonic salt solutions could be demonstrated in some 
patients whose unwashed erythrocytes yielded a normal type of fragility Several 
investigations later indicated that washing the cholesterol off the red blood cells 
surface, as with a solution of sucrose, would result in an increase of erythrocyte 
fragility, whereas the removal of lecithin with Brinkman’s solution would result 
in an increased resistance The cholesterol lecithin ratio was considered as very 
important in this regard 

The above results could not be duplicated by other workers, who were unable 
to find any alteration in red cell fragility by washing erythrocytes with physiologic 
solutions (Saslow*^) Ponder and Saslow*^ established that washing rabbits 
red cells with sodium chloride or glucose solutions isotonic with rabbits’ plasma 
did not alter the volume of red blood cells They stated that the concentration of 
such solutions should be of i iz per cent NaCl 

Ponder*^ studied the inhibitory effect of blood serum on hemolysis, but these 
investigations were performed on fragility to hemolytic substances like saponin, 
bile salts and sodium hydroxide, where an interaction between the hemolytic agent 
and various plasma components could be expected These results therefore could 
not be applied to hypotonic salt fragility 

In our laboratory, parallel fragilities performed on whole blood and on was c 
red blood cells showed somewhat less resistance in the latter, perhaps because o 5 
per cent sodium chloride which was used for washing may be regarded as a slig ^ Y 
hypotonic solution We finally concluded that the use of whole unmodified blc^ 
was preferable to that of washed” blood since it eliminated one step of dou n 
value and since washing ’ might actually injure the red cells, thus making t c 
hypotonically fragile In certain cases of hemolytic anemia, greater 
fragility might possibly be demonstrated with washed than with unwas c re 
cells This fact was first stressed by Widal, Abrami and Brule As yet we have cc^ 
unable to confirm their results, although further studies on this point are m progr 

Variation in the fragility of the same subject from day to day was foun , 
was never of sufficient magmtude to give a significant difference in the interprc 
of the results This confirms the findings of Whitby and Hynes® m 1935 


B Method for plotting the curve of hemolysis 

By plotting the per cent of hemolysis along the ordinate, against the J 

strengths of saline along the abscissa, a sigmoid curve results From 
the fragility curves as obtained by our method and of those of other invcs 
It was noted that definite irregularities occurred in the rate of It 

hemolysis from tube to tube no matter how carefully the tests were p- 
was believed that in certain pathologic conditions these 
sent changes in the thickness population ’ of the blood, not we 
by the ordinarj'^ methods m use for graphic charting ments,” 

A method was therefore devised in which the ‘hemolytic anio^’’^ 

calculated and charted This was done by determination of the a whicb 

of hemolysis occurring in the successive tubes of hypotonic sa t s 
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contained progressively diminishing saline concentrations For example, if no 
hemolysis occurs at o 56 per cent sodium chloride, and 10 per cent of the red blood 
cells hcmolyzc at o 5X per cent, and 50 per cent of the red cells hemolyze at o 50 
per cent, the hemolytic increment (1 e , the increase in degree of hemolysis) is 10 
in the o 5X per cent solution and 40 in the o 50 per cent solution The hemolytic 
increments, vv^hen plotted, yield curves that are somewhat similar in configuration 
to those obtained with Price-Jones curves of red cell diameters They are consider- 
ably more graphic and informative than those obtained with the ordinary me- 
thods for plotting photoelectric fragility 

The actual figures for drawing the new type of curve are obtained in the follow- 
ing manner 

I By using conversion tables, change the photolometer readings into grams of 
oxyhemoglobin liberated 

X Calculate the per cent of blood hemolyzed in each tube by dividing the hemo- 
globin reading in grams in the o tube 0 e , the total amount of hemoglobin) by 
the hemoglobin reading in grams in each tube 

3 Find the hemolytic increment by subtracting the percentage of blood hemo- 
lyzed in the first tube from that of the second, the second from the third, etc 

4 Draw a curve, plotting the percentage saline solutions on the abscissa and the 
hemolytic increments on the ordinate 

By proceeding from the observer s left to his right along the curve, it is seen 
that by adding the value at any one point to the values of all previous points Qeft 
to right) we obtain the total amount of red cells which have been hemolyzed at 
that concentration of sodium chloride In other words, the value of the percentage 
of red blood cells hemolyzed, appearing in the curve at eac/j concentration of sodium 
chloride expresses only the percentage of red blood cells which was hemolyzed at 
that particular concentration of sodium chloride and which had not been hemo- 
lyzed in the previous solutions 

If practically all cells tend to hemolyze at one point (isohemolysis) a sharply 
peaked monophasic curve results but if, on the other hand, the cells are hcmol) zed 
over a wide range of hypotonicity (anisohcmolysis) a bi phasic or multiphasic 
curve results The data obtained from determinations in both normal subjects and 
in those with various types of blood dyscrasias, revealed that certain diseases 
followed a more or less definite pattern with respect to the shape of the plotted 
curve of hemolytic increments It appeared probable that the cur\ es ga\ e a graphic 
picture of the red blood cell thickness population, at least with the thickness diam- 
eter ratio as a principal factor 

In addition to the graphic representation of the hemoh tic increments the follow 
mg features have appeared to us to be of significance (i) the concentration of the 
solution which shows beginning hemol)Sis, (x) the solution in which hemoh sis 
IS complete (since in a number of cases, both normal and pathologic, iod per cent 
of the red blood cells hemoh ze onl) in distilled water, we ha\c concluded that the 
solution in which 90 per cent of the red blood cells hemoh ze is a more significant 
index of total hemol) sis), (3) the solution in w hich there is 50 per cent hemoh si^, 
this solution being defined as indicating the mean corpuscular fragilita , 4 the 
breadth of the curve, (5) the height of the highest hemoh tic increment 




SUESS, LIMENTANI, DAMESHEK AND DOLLOFE 


12-97 



*0 T6 7a 6B M 60 M K 4« .^0 3$, M 28. M 80 IB « 08 04 0 
80 4« 42 38 34 30 26 22 

PEHCENTAOE KYPOTOMIC SALT SOLUTION S 


Figs i, 2, 3 Photoei-ectric Hypotonic Fraoility Curves in a Normal Subject, a Subject 
WITH Hemolytic Anesda, and a Subject with Severe Mediterranean Anemiy 
The curves arc charted both by the conventional method and by that using hemoh tic increments 
The first curve (normal) is tall, monophasic and narrow based with most hemoljsis occurring bctssccn 
concentrations of o 52 and 0^4 per cent NaCl The siconJ curs e, (hcmol) tic anemia) is broader and sv ith 
more than one peak Hemolysis begins in physiologic salt solution and is practicallj complete at o 52 
per cent NaCl The third curve (Mediterranean anemia) is loss, broad and multiphasic ssith hcmoljsis 
beginning at 52 per cent NaCl, complete scry close to distilled ssatcr 

formal individuals almost invariably yielded monophasic curves The breadth 
of the curve was less than 2.0 per cent, that is, most of the red blood cells Cs)^~ 
95 per cent) hemolyzed within solutions differing b) only 20 per cent sodium 
chloride None or very little hemolysis occurred in the o 60 per cent solution Less 
than 5 per cent hemolysis occurred in the o 56 per cent solution 

The highest hemolytic increment occurred normalH in one of the salt solutions 
between o 52 and o 44 per cent and represented 40 to 50 per cent of the red blood 
Cells The mean corpuscular fragilit\ (the solution in ashich 50 per cent R B C 
hemolyzed) was normally at o 50 or o 4^ cent Ninct\ per cent of the red blooJ 
Cells hemoh zed aboa e the o 42-0 40 per cent solutions As alreada stated in man\ 
subjects, both normal and pathologic, a further increase in hemoh sis occurred at 
or close to the distilled water lead ^^^hIIc no explanation for this can hr o icr^d, 
one can speculate that this is due to the presence of a certain numbe'" of r-\ 
red cells, 1 e , rcticuloca res, aa hich because of their unusual thinness a'c unusualh 
resistant to ha potonic solutions ^ 

Figures I, 2 and 3 arc examples respccti c a of a normal curac a luwc 
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Fias j, 6 Photohi^ctric Hypotonic pRAOitiTi Corves with the Simplified (y tube) 
Method in a Normal Subject, a Sdbjbct with Hemolitic Anemia and a Subject 
WITH Mediterranean Anemia 

The cur\cs show the raage of hypotonic salt solutions in which hernoljsis occurs i\ith the npical 
shift to the nght (feptocytosis) and to the left (spherocytosis) in the abnormal cases These curies, 
although sufficient for most clinical diagnostic work, fail to gne a detailed picture of the red cell popu- 
lation 

case of acquired hemolytic anemia, and a curve from a case of severe Mediterranean 
CCooley’s) anemia The normal curve shows all of the above mentioned charac- 
teristics, 1 e , the level at which hemolysis first takes place, the \Mdth of the base 
of the cun^e, and the height of the highest peak The con^entlonal t)pe of hemo- 
lysis cur\’^e IS also given for comparison The curv^e from the case of hemolstic 
anemia shows a definite shift to the left (i e , increased hemohsis inrclatnch 
concentrated solutions of NaCl) and a tendcnc\ to a \cr\ high peak as \\cll as to a 
rather narrow base The third cun'e, a sea ere case of Mcdifcrranean anemia, shows 
a markedlj broadened base, extending practicalh from the lea cl ataahich hcmol- 
)sis first begins in a normal subject, doaan to the distilled aaarcr lead The mean 
corpuscular fragilita and the point at aahich 90 per cent of the red blood cells 
hcmola ze shoaa's a marked shift to the right There arc no high peaks but mana 
small ones, indicating not onla a great dnersita in red cell thickness but in^ 
dircctla) a marked fault in the production of red blood cells uniform dcg’'>.^' o 
thickness 
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in Simplified Method 

After eighty cases had been performed m both normal and abnormal subjects, a 
simplified test for clinical purposes was devised In this test the following solutions 
were used o 80, o 56, o 48, o 44, o 40, o per cent NaCl solution and distilled 
water The o 80 per cent solution was used as a blank since hemolysis of both 
normal and abnormal bloods did not usually occur in this solution For the de- 
termination of total hemoglobin, distilled water was used In the o 56 per cent 
solution, normal subjects showed less than 5 per cent red blood cell hemolysis, 
a much higher percentage of hemolysis in this tube occurred in the various types 
of hemolytic anemia The o 48, o 44, and o 40 per cent solutions showed the great- 
est degree of hemolytic increment in normal subjects, 1 e , 45 to 75 per cent, 15 to 
35 per cent, and a 5 to 15 per cent respectively The 31 per cent saline gave hemo- 
lysis of close to 100 per cent red blood cells in normal subjects, but of lesser degree 
in the abnormal states with increased hypotonic resistance 

The results of this simplified method were plotted in curves in the same manner 
as outlined above for the complete test Figures 4, 5 and 6 are examples of 3 curves 
obtained with the simplified seven tube” method in a normal subject, a case of 
hemolytic anemia and a case of Mediterranean anemia, respectively The different 
characteristics of the curves are obvious at a glance, with the shift to the left 
in the case of hemolytic anemia, and the shift to the right” in the case of Medi- 
terranean anemia 

Several simplified methods, utilizing only two to four tubes, have been devised 
in the past for the purpose of obtaining prompt information as to the fragility 0 
the red blood cells (Lepeschkin,-® Berk,^’ and Smith^O The use of seven tube*: 
appears to be simple enough to allow for relatively quick performance It is 
vious, however, that it does not give the regular types of curves seen with the 
complete test, nor details as to the variations in red cell population It thus appears 
to be unsatisfactory for investigative purposes, although as a clinical test it appears 
to have definite merit 


IV EhscussioN ^ 

Ponder^^ made use of two types of curves in his extensive studies He used t c 
term time dilution” curve to designate the curve obtained by plotting the ti 
required for complete hemolysis against each dilution of the lysin used 
centage of red cells hemolyzed was plotted against time in the second type 0 c 
which he called percentage hemolysis ” He was more interested m 
agents such as saponin, and sodium taurocholate, than in hypotonic salt ^ 
Besides, he always introduced the element of time for the hemolytic 
occur, and his investigations were for the most part limited to normal eryt 
Unfortimately, his contributions have not as yet found wide application 
clinical field of 

Various investigators have questioned the importance and value o 
the curve obtained when quantitative methods for determining c 
used Thus Vaughan^^ expressed the belief that the curve of hemo j^,ng 

plotting the concentration of saline against the degree of hcmolysis> 
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expressed as 1 i^rcentagc, utilizes 1 method which is dearly unsatisfactory, since 
markedly dilTcrent curves nn\ lie in the same range ” Creed-^ in 1938 wrote it 
was hoped that the form of a fragility curve constructed from the data obtained 
might show distinctne differences in various blood diseases and possibly in other 
conditions For the most part these hopes have not been realized ” He also 
stated that there was t slight difference in the shape of the curve in pernicious 
anemia ’ 

According to Dacie and Vaughan,-® the shape of the curve or span of resistance 
IS without great practical significance,” and study of the shape of the 
cuiA'e in pathological bloods is not in practice very useful ” In a later publica- 
tion, however, Dacic'''’ paid more attention to the shape of the curves, classifying 
them as tailed,’ diagonal’ and of ‘normal tj pe Berk-' agreed with the above 
statements of Dacie and Vaughan 

Waugh and Asherman,-^ as well as Hunter,-® plotted their results in curves 
However, Waugh and Asherman did not attach much importance to them Hunter 
wrote ‘If the technique has been carefully carried out the curve will ordinarily 
be sigmoid in character In some instances, particularly in the case of blood show- 
ing increased fragilitj , the curve may show more than one maximal slope The 
significance of this occasional variation from the usual curve, however, is by no 
means clear, and requires further investigation ’ 

Our results indicate that the shape of the curve obtained, particularly as modi- 
fied by the use of the hemolytic increment method, is of great importance 
With our method of plotting, one can readily distinguish between bloods showing 
spherocytosis and bloods containing target (1 e , thin) red cells What is perhaps 
more important is recognition of the concept that the changes in hemolytic mcre- 
ment from tube to tube indicate the hemolysis of different groups of red cells, 1 e , 
differences in red cell population thickness This in turn might indicate either dif- 
ferent types of red cells from the standpoint of their production by the bone marrow 
or differences in the ages of groups of red cells, since it is our belief that the cells 
just delivered from the bone marrow, 1 c , the reticulocytes, are thinnest, and the 
oldest red cells the most spherocytic The reason for the fragility range even 
in normal subjects is in all probability due to this age difference in red cells, the 
oldest ones hemolyzing at o 56 per cent or thereabouts, the youngest at o 40 or 
o 41 pier cent 

In normal subjects, a very sharp and regular type of curve is present indicating 
a relatively uniform type of red cell and of age thickness population Little bumps 
in the curve, particularly in the more hypotonic section of the curve may be due to 
the presence of a certain number of relatively thin reticulocytes 

In subjects with Mediterranean anemia, the marked irregularity in the curve of 
hemolytic increments from tube to tube almost certainly indicates a marked varia- 
tion in the typie of red cell produced by the marrow This brings graphically to 
light the fault in the red cell (^and hemoglobin) production which appears to 
be at the basis of the disease Thus, a careful reading of the hemolytic increment 
curves permits some insight not only as regards the variations in red cell popula- 
tion in given cases but also into the pathologic physiology of red cell formation 
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Itself The me of the terms ‘ isohemolysis, anisohemolysis, shift to the left, shift 
to the right, broad base, etc ” appear to be of some value m describing the type 
of hemolytic curves obtained by this method, and thus in developing further in- 
sight into the physiopathologic mechanisms of blood destruction 

V. Summary 

A method is described for the determination and charting of the fragility of the 
red blood cells to hypotonic sodium chloride solution For plotting the results ob- 
tained, a new method was used, employing the principle of ‘‘hemolytic incre- 
ments,” 1 e , plotting the additional amount of hemolysis occurring in each suc- 
cessive tube of solutions of decreasing saline concentration 

By this method, curves are obtained somewhat sirmlar to those of Price-Joncs 
curves of red cell diameters Such curves, when properly analyzed, afford an in- 
terpretation of the varying diameter thickness range of the red cell population and 
indirectly an insight into the types of red cells present, and of the possible hemo- 
lytic mechamsms present Preliminary investigations indicate that they are par- 
ticularly instructive in the hemolytic anemias and especially in the Mediterranean 
anemias 

A simplified shorter method was also devised for routine clinical use This 
method, although not as useful for research purposes, has proved to be more ac- 
curate and yet less time consuming than most methods currently used 
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Heparinemia 


E arly workers on blood coagulation often used the terms anticoagulant and 
antithrombin interchangeably Even today this tendency is still evident, es- 
pecially in the writings of those who are more familiar with the chemical than 
the physiologic aspects of blood coagulation Anuthrombic substances arc, of 
course, anticoagulant, but there are several anticoagulants which have no anti- 
thrombin activity The first efforts designed to demonstrate the presence of heparin 
in the blood depended on the effect of addition of extracts of blood on the rate of 
coagulation and antithrombin activity of normal blood The results were not strik- 
ing ^ When Chargaff^ showed that protamine combined with heparin quantita- 
tively, the way was open for an accurate method for the titration of heparin in 
the blood However, the smallest amounts of protamine that can be added to nor- 
mal blood and still produce an effect usually delay coagulation rather than accel- 
erate It The same may be said for toluidin blue and similar hcparin-binding dyes 
Jaques and Waters® were unable to recover any heparin from as much as 4 liters of 
blood of normal dogs 

Moreover, heparin in low concentrations actually accelerates the coagulation 
of blood This effect, first brought out by Fischer,'* has been confirmed both with 
natural heparin® and a synthetic substitute ® The amounts of natural heparin neces- 
sary are of the order of o 001 to o 01 mg per 100 cc of blood, well beyond the 
range of detection by protamine titration methods There are no figures available 
regarding the concentration of heparin in the blood of man or intact expcrimenta 
animals ^ Likewise, no heparin (or any other anticoagulant) has to date been 
found among the fractions separated from human plasma by the Cohn method ^ 

It seems that, normally, heparin is contained within the mast cells of the tissues 
Drastic cytolytic agents, such as are employed in its preparation, arc necessary 
release it from the cells ® This probably explains why the blood of animals 
neoplasms containing large aggregations of mast cells (mast cell tumors of 
displays no altered coagulation and contains no heparin, despite the fact that 
yield of heparin from extracts of such tumors in the dog is fifty times that 0 


tracts of the liver 

The foregoing throws some doubt on the existence of heparin as a 
of normal blood, or as its physiologic anticoagulant, but provides a basis 
mg the sigmficance of recent reports of the presence of heparin in the bloo 
and experimental animals Heparwemta would seem to be the proper dcsig 
for such a phenomenon pi.p. 

In animals, heparinemia has been observed after intravenous 
tone® ascaris extracts and trypsin” in anaphylactic shock*® ^ and K 

the body to massive ionizing radiation ® These experimental fin ^ ^ ibe 

seem highly probable that heparinemia might ocur in man A recent 
presence of a heparin-like anticoagulant in the blood of patients trea 
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of the nitrogen mustards seems to be the first couvtucmg demonstration of such an 
occurrence in man ” No doubt, a greater awareness of such a possibility, and famil- 
iarity with the special technics necessary for the demonstration of heparin will 
lead to Its being found associated with other clinical states Heparin may con- 
ceivably be liberated during the explosive phase of certain severe systemic reactions, 
especially those involving widespread cytolysis The unexpected, urgent, transient 
and fatal character of these reactions in man has made them, in the past, unsuitable 
for careful study 

Until lately,’'' spontaneously developed heparinemia did not constitute a clinical 
challenge In patients receiving heparin because of thromboembolic disease, ex- 
cessive bleeding occasionally has made it desirable to restore the coagulation of 
the blood to normal Protamine injected intravenously (i - z mg /Kg body 
weight) does this effectively, since this basic protein binds the acidic heparin 
quantitatively in a proportion of x to i 

It IS possible that spontaneously developed heparinemia may sometime become 
an important clinical entity and demand similar management In the hemorrhagic 
phases accompanying acute leukemias, thrombopcnias and aplastic anemias, some 
not altogether conclusive evidence has been offered that heparinemia exists 
Therapeutic trials with protamine and toluidin blue /an antihcparin dye) have 
been made In contrast with the experimental heparinemias following radiation, 
no convincing direct evidence has been brought out of the presence of heparin in 
the blood of patients with leukemia, thrombocytopenia and aplastic anemia In 
our hands, protamine therapy has not altered significantly the hemorrhagic mani- 
festations in these states 

Heparinemia should be looked for in clinical states accompanied by chronic 
widespread tissue necrosis Conditions resembling those brought about by ionizing 
radiations may conceivably be produced by other pathogenic agents However, 
anticoagulants other than heparin may be found in such states Evidence has re- 
cently been advanced that entrance of anticoagulant substances into the blood or an 
increase in those already present therein’® will alter the finely adjusted balance 
between anticoagulant and coagulant factors, to which the blood owes its fluidity 
and coagulability Up to relatively recent times, absolute deficicnaes in the coagu- 
lant factors (platelets, prothrombin, fibrinogen) were almost exclusively hel 
responsible for diminutions m the coagulability of blood The recently accumulate 
facts have served to modify this stand and to support what seems to be a more 
rational, though not as simple, explanation of the mechamsms underlying the 

maintenance of the flmdity and coagulability of circulating blood 

Leandro M Tocantins, M D 


REFERENCES 

^ Howeix, 'W H Am J Physiol 77 680, 1916 

* Cahrgapf, E J Biol Chem 122 153 , ig37 
’jAquEs, L , and Waters, E T J Physiol yy 454» ^94i 

* Fischer, A Biochcm Ztschr 278 133,1935 _ vrvr 

' Cronkite, E P , and Uixrich, F W NrvrI Medical Research Institute, 1948. Pro)cct NM-007039, 

Report ^3 



1306 


EDITORIAL 


' Begany, a , AND Seiiter, J Fed Proc 7 zo6, 1948 
’ J0BPE8, E J Heparin Oxford, 1946 
® Cohn, E J Blood j 471, 1948 

’ WitANDBR, O Skand Arch Physiol Si supplement 15, 1939 
Oliver, J , Bloom, F , and Mangieri, C ] Expcr Med 86 lay, 1947. 

Rocha b Silva, M , Porto, A , and Andrade, S O Arch Surg 199, 1946 

Eagle, H , Johnston, C , and Ravdin, I S Bull Johns Hopkins Hosp 60 418, 1937 

Allen, J G , and Jacobson, L O Science, los 388, 1947 

Smith, T R , and coworkers Science, J07 474, 1948 

Allen, J G , and covi orkers Ann Int Med ly 381, 1947 

Fante, P , AND Nance, M H M J Australia, Quly xy), p 115, 1946 

Lamy, M , Bdrstein, M , and Sohuer, j P Rev d Hemat r 411, 1946 



ABSTRACTS 

Joseph F Ross, M D , Editor 

ABSTRACTERS 


Roger C Craits, Ph D , Boston 
Charles P Rmerson, M D , Boston 
Solomon Estren, M D , New Yorr 
Robert S E\avs, M D , San Francisco 
CLEiiENT A Finch, M D , Boston 


OuvER P Jones, Ph D , Buffalo 
C Maier, M D , Zurich, Switzerland 
Jean P Soulier, M D , Pans 
Ramon M Suarez, San Juan, Puerto Rico 
Jan Waldenstrom, M D , Upsala, Sweden 


ANEMIA 

Experimental Findings in Latent Sideropenic Anemia E Kotblin and E Undritz From the laboratory 
for expcnmental pharmacolog) of Sandoz S A , Basle, Switzerland Schweiz med Wschr xp^j 
58-60 

Sideropenic anemia is known as a definite disease Experimentally the S}ndrome has been produced in 
the white laboratory rat and, as in human patients, was shown to respond to iron therapy The authors 
found that normal hemoglobin findings do not alwais correspond to normal iron depot 

C M 

Dex’elopment of Pernicious Anesha in a Case or Microcytic Hypochromic Anesua F Fierz From the 
Medical Section of the Cantonal Hospital, Aarau, Switzerland Schweiz med Wschr xp^y 1158-1193 
A female patient with nanism of pituitar) origin was under observation for hypochrome microcytic 
anemia She developed during pregnane) b) exhaustion of the intrinsic factor the hematologic picture of 
pernicious anemia 

C M 


Fouc Aod Therapy Results of a Clinical Study W S Adams and J S Laurence From the Depart- 
ment of Medicine, Univetsit) of Rochester School of Medicine and Dentistry and Medical Chnic 
of the Strong Memorial and Rochester Municipal Hospitals, Rochester, New York Am J M Sc 

ary 487-497, 1948 , j u 

Thirt)-four miscellaneous cases treated with folic acid arc reported and correlated with other reports 
in the literature The authors conclude that folic acid is effective in maaocytic anemia with a megalo- 
blastic marrow, and in sprue No effect w'as obtained in the anemia of chronic nephnus, leukopenic of 
Addison s disease or Felt) s s) ndrome, idiopathic leukopenia, leukemia or leukopenia following irradi- 
ation Again the statement is made that folic acid does not prevent the progression of the neurologic 
manifestations of pernicious anemia 


LEUKOCYTES AND LEUKOCYTIC DISEASE 

The Leucocvtosis of Diabetic Aodosis J L TuHts From the Department of Biological Chcmisoy , 
Harvard Medical School, and the Laboratories of Pathology, New England Deaconess Hospital, 
Boston, Mass Am J M Sc ary 414-4x6, 1948 

The author has extended his interesting studies on the effect of variation in the tonicity of blood on 
the circulating leukocv^es In seven patients in diabetic coma, levels of hvTcrtoniatv were determined 
by freezing point depression measurements on defibrinated blood and compared with changes in circu- 
lating Icukoqtes These patients showed a variation in molarin of their blood from 344 to 349 milli- 
moles per liter on admission and after recoven a variation from 301 to 349 millimoles White counts 
varied from 18,700 to x6,76o per cubic millimeter There was a linear relationship between molanty and 
absolute numbers of circulating neutrophils It is of interest that there were no eosinophils seen in the 
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smears of these patients when in coma, and that the same alteration in leukocyte pattern is seen in con- 
ditions of stress and after adrenal cortical stimulation The author, however, has previously shown that 
these changes occur in circumstances where the adrenal cortex mechanism is not involved 

C A F 


Remarquables Resultats DU Traitement par I. Exsanouino-Transfusion D UN Cas de Lebcemib 
Aigub CRcmarkable Results of the Treatment of a Case of Acute Leukemia by Exsanguino-trans- 
fusion ) M Bessts and J Bernard, Bull ct mem Soc M£d d h6p dc Pans 2S, ap, p 871-877, 1947 
The authors describe the case of a child, 6, with an acute leukemia with pyrexia, pallor, gum lesions, 
hemorrhages, hepatomegaly, splenomegaly, enlarged lymph glands, and with a typical blood picture 
1,370,000 red cells, 86,000 white cells of which 98 per cent were lymphoblastic, and an abnormal bone 
marrow (99 per cent lymphoblasts) Transfusions were undertaken when the outlook was extremely 
grave and death appeared imminent They were immediately followed by a marked and progressive 
improvement In a few days the child s state was transformed, the physical signs disappeared and the 
blood and marrow returned to normal The authors stress the following points the diagnosis cannot be 
questioned It was an absolutely typical acute leukemia, conforming to the classical descriptions The 
rapidity and scale of the improvement arc very remarkable This child was moribund on admission to 
hospital His state was so grave that the cxsanguino transfusion decided for the next day, was done during 
the night From the first exsanguino-transfusion (only partial), the improvement was profound After 
the second the child was transformed and, within a few days, apparently in excellent health The pro- 
gression of the improvement should also be noted Not only was there a very marked improvement after 
each cvsanguino transfusion, but the maximum improvement was not reached at once It continued during 
the days following the transfusion This fact seems to counteract the idea that the treatment has only * 
palliative action The final condition of the patient is worthy of attention not only had the pallor, fever 
and hemorrhages disappeared, but also the liver, spleen and lymph glands diminished in site and after a 
few days became completely normal There was also a progressive improvement of the blood and matrow 
This favorable course was provoked by each exsanguino-transfusion The first one allowed the patient 
to survive The second caused a considerable regression of physical signs and a partial improvement m 
the condition of the blood and marrow The third was followed by the return of the blood and marrow to 
normal The authors do not believe that they have cured the child, but think that these early results a 0 
hope that more will soon be known about the mechanism of the leukemia The studies that thev 
undertaken may perhaps cause them to improve the method, possibly by the choice of spccia on 


whose blood will contain the maximum quantity of the hy'pothetical antileukemic substance 

J 


It IS 


possible too that the method will be applicable to other sarcomatosei, apart from the leukoses ^ ^ 


The Skbletal Lesions in Leukesha Cunicae and Robntgenooraphic Observations in 103 ^ 

AND Children, with a Review or the Literature F N Stlverman From the 

rics. College of Physicians and Surgeons, Columbia University, and the Babies Hospita , 

City Am J of Roentgenol yp 819-844,1948 8 with Icukcnui 

The authors have reviewed the reports in the literature of skeletal changes associateu 
They selected 13 1 well documented cases of leukemia of which 103 had been adequately stu 
genologically Data as to signs and symptoms, laboratory findmgs, and clinical course 
Fifty -two of the 103 patients showed bone lesions These were of four types (i) (4) 

diminished density (14 patients), (x) osteolysis (39 pauents), (3) osteosclerosis 
subperiosteal new bone formation (17 patients) Approximately one half of these ° gcncful 
ilie differential diagnosis presented by these pauents is discussed While some o of the 

material in this article is of an arbitrary nature, the article provides a comprehensive 
value of the roentgenologic examinauon in childhood leukemia C A P 

Mechanism or Urethane in Leucaesua S Moescbhn University Clinic of Internal 

Switrerland Hchet med Acta X79-X94, 1947 _,i, davs did not show 

Obsenauons in healthi subjects under therapeutic doses of urethane during 14 



ABSTRACTS 


1309 


an\ notable changes in bone marroiN In chronic mj eloid Icuk-cttua no c\ idcnt changes in cell composition 
were found Calculation of the mitotic indc\ in Jeukehiia cells shoived a decrease of mitotic activity 
The fatorable action of urethane in leukemia is based upon a selcctu e suppression of mitosis in the path- 
ologic m\ eloblastic cells 

C M 

A Case OF Feutv SvKDROME NsuTii Cveue Aoranulocytosis W Loffler and C Maier University Clinic 
of Internal Medicine, Zurich, Switzerland Cardiologia (Basle) XZI 195-aio, 1947 
A case of Felt\ srndrome is described characterized b) a peculiar agranulocytic bone marrow reaction 
During clinical obsertation of three years the patient showed recurrent agranulocytosis in a three weeks 
c\clc Splenectomt had no effect 

C M 

Two Cases op Tularaemia Tularaemia and Infectious Mononucleosis V de Lavergne, G Fame, L 
Blanc and P Baissel Bull et Mem Soc Med d hop dc Pans 189-193,1948 

Three days after they had skinned a hare which they found dead, two subjects presented simultane- 
ously the followung symptoms feser, headache, asthenia, anorexia, numerous enlarged, tender lymph- 
glands, espcaally in the neck and the trapezoid regions The spleen was palpable in one patient and en- 
larged to percussion in the other One of the patients developed conjunctintis, the other enlarged tonsils 
The diagnosis of a Pasteurclla tularensis affccuon was confirmed in both cases by serodiagnostic 
test positis c to 1/75 and reaching i/icoo on the 45th day) and by guinea pig moculation of a portion of a 
lymph gland and of a positnc pharyngeal ssvab 

In both cases, treatment by streptomycin showed itself remarkably efficacious — apyrexia within yx 
hours, disappearance of all symptoms within 8 days and rapid resolution of the conjunctivitis 

The diagnosis was facilitated by the occurrence of two simultaneous cases and by the contact with a 
suspect hare Had the case been isolated, or had one been unaware of the contact with a hare, the 
clinical diagnosis would doubtless have been that of infecaous mononucleosis In fact, the number of 
leukocytes in each case was 8,000, with only 43 per cent of polymorphs in the first case and 37 per cent 
of polymorphs in the second In both cases 6-7 per cent of atypical lymphocytes were found among the 
mononuclears 

The really interesting pomt was the occurrence in both cases of a Paul and Bunnel reaction positive to 
i/iiL in one and 1/896 in the other 

The two observations are however still troubling Although the authors have studied the agglutina- 
tion of P tularensis in six cases of infections mononucleosis and have found it constantly ncgatise, 
when one is faced by the clinical picture of infectious mononucleosis, the possibility of tularemia 
should be kept in mind and enquiries made as to possible sources of contagion (particularly game) 

J P S 


Malignant Bone and Bone Marrow Neoplastic Tumors K Pobr University Clinic of Internal Med 

icine, Zurich, Switzerland Schweiz med Wschr rj)V7 

According to the authors conception, leukemias arc neoplastic manifestations of the hematopoietic 
organs In the clinical course of these neoplasias he distinguishes a first phase of primary tumor, a second 
phase of hematogenic and lymphogenic generalization and, in leukemias, a third phase with propagation 
of cells in the blood stream All bone and bone marrow tumors show early metastatic growth In order 
to understand the biologic aspect of the different tumor tyqics, it is necessary to consider the histiogcnesis 
Besides the morphologic differentiation, certain phy siologic aspects arc of importance (increase of phos- 
phatase in sarcomas, hypcrprotcinemia in multiple myelomas, increase of oxydase and porphirins in 
leukemias) The author considers the reticulohistiocy tic system as the genetic substrate for the mscloma 
cells and presumes a differentiation cither towards plasma-cells or towards histiocy-tcs In leukemias he 
discriminates a myelocytic (chronic) sanation a promyclocy tic (more subacute) and a ms eloblastic 
(acute) sanation based on the degree of morphologic differentiation of the cells The ms eloblastic 
leukemia more often has Is mphogenic origin 
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Plasmocytoma (Multipis Mybiajma, Kahler s Disease) and its Attendant Disturbances in the 
Protein Metabousm W J Koljf and ] Dbont From the Municipal Hospital Engeicnberg Fonn 
dation, Kampen, Holland Am J M Sc nj 405-410, 1948 

The authors discuss a concept of plasmoa'toraa, based on recent articles in the Netherlands medial 
literature and on case studies The} ha\c adapted Apitz s opinion that solitary plasmoqToma and diffuse 
plasmocytosis represent the same process They question whether a local increase in plasma cells occurs 
and have always found a diffuse increase in plasma cells in cases of plasmocytoma The importance of 
fresh preparations obtained cither by sternal puncture or immcdiatcl} after death in identification of 
plasma cells is stressed They discuss the origin of Bence-Jones protein and feel that it is found spccificall) 
in this disease Primary amyloidosis is felt to be a manifestation evclusivcly of plasmocytoma 

Some of these statements arc open to question, in the opinion of the reviewer A diffuse increase in 
plasma cells is found not infrequently in other diseases, and some caution must be exercised in making 
the diagnosis of plasmocytoma on such grounds Likewise, one hesitates to accept the statement that 
all cases of primary amyloidosis are attributable to plasmocy toma 


HEMOLYTIC ANEMIA 

An Anti-Rh Antiohn-Antibody Reaction Factor (the Rh Protective Factor) Preliminary Retort 
A Blovsom and R Matthaci Bull Johns Hopkins Hosp Sz 1-9, 1948 

The authors believe they have demonstrated the presence of a factor in sera from Rh negative indivi 
uals which parually inhibits agglutination of Rh positive cells by Rh agglutinaung anubodies It » 
suggested that this inhibiting or protective factor mav be active in vivo when Rh negative blood is use 
in the tteatment of hemoly tic disease of the newborn, and may at tunes be present in the materna at 
culation and exert an inhibiting effect on the disease in the fetus The observauons on which these impof 
tant assumptions are made appicar rather tenuous and need confirmation _ 


The Lysolecithin Test in Hemolytic Aneshas C iVLwtr University Policlinic of Internal Medicine. 

Zurich, Switzerland Helvct med Acta 14 470-474, 1947 

Following the technic of Singer, investigations in hemoly tic anemia were conducted In anemia 
secondary hemolytic action the lysolccithin-resistancc is normal In a case of severe subacute acq 
hemolytic anemia with reduced osmotic resistance, the lisolccithin-rcsistance was distinctly mcrea^^ 
In cases of constitutional hemolytic anemia the lysolccithin-resistancc is reduced The same fin mgs 
been obtained in a case of chrome thrombosis of the splenic vein ^ 


Betn^. 


Experimental Hemolytic Anexha W Baumgartner University Clinic of Internal Medicine, 
Switzerland Helvct med Acta, 2^ yoz-yoy, 1947 emiaofthc 

According to the proceeding of Damashek and Schwartz the author produced hemoly tic an^ 
umnunc body ty p>c in gumca-pigs For the first time he found in the histologic examination ° 
large macrophage cells storing cry throcy res Antibodies are supposed to act not on y the 

and hemoly sins but also as opsonins He also found piarcnchymatic cells containing cryt r 
liver Similar finding could not be obtained in cases of constitutional hemolytic anemia ^ 

The Cryptogenic Acquired Hexiolytic Anemias J A Ftshtr From the Nuffield Departmen 
Medicine, Radcliffc Infirmary , Oxford The Quarterly Jr Med , 

Eighteen cases of hcmolv tic anemia arc discussed under the three headings o The 

hemoly uc spherocytic jaundice, and hemolytic anemia with piaroxy'smal of lnng<='‘'I 

cncc between the first two gtoupis docs not appicar fundamental, since neither ^j,5 found m b' 

transfused cells nor the Coombs test w as used as a basis for separation The of 

pxisitivc when done in one case The rcpiorc serves to stress further the in nitc va 
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hcinol)tic disease and the author makes i pertinent observation in the association of hemolytic anemia 
leukopenia, and thromboc) topenia, and states, It seems reasonable to postulate a similar rather than 
a dissimilar pathologic process to account for the deficiency in the other two components, the platelets 
and the neutrophiles 

R S E 

A Statistical Studi of the Hematologic Vawadles in Subjects with Thalassemia Minor W N 
Valentine and J V Neel From the Department of Medicine of the University of Rochester School of 
Medicine and Dentistrj , Rochester, Ncm York Am J M Sc 21} 456-460,1548 
Differences in the peripheral blood picture between patients with Thalassemia Minor and control 
groups were studied The difference w as ahead} apparent in childhood, and amounted to grams hemo- 
globin per 100 cc blood This difference was superimposed on the normal sex vanauon The tendency to 
hate an cletatcd erythroc) te count was also observed While these data arc not new, they sert'c to quan- 
titate the abnormalities in this condition 

C A F 

The SiGNincANCE of the PAuan of Sickle Cells in Newborn Negro Infants J Watson, A W Stahman 
and F P Bthllo From the Department of Internal Medicine, Long Island College of Medicine 
Brookl}n, New York Am J M Sc 21} 419-4x3, 1948 

Sickle cell preparations were made on ll 6 consecutive Negro newborn infants and their mothers 
There was an incidence of sicklemia of 8 per cent among the mothers and 8 4 per cent in the infants A 
longer time was required to sickle the infants ciy'throcytes, and infants erythrocytes showed only o 5 
to Z9 5 per cent sickling in contrast to 84-100 per cent in maternal blood The authors suggest that this 
difference represents a chemical difference between fetal and adult hemoglobin Sickling increased in one 
patient studied from 6-90 per cent o\er the first four and a half months, paralleling the expected disap- 
pearance of fetal hemoglobin This focuses attention on the role of hemoglobin in the sickling process 

C A F 


BLOOD CLOTTING AND HEMORRHAGIC DISEASE 

The Fibrinopenic Diathesis Thb Major Pseudohaemophilic Afidrinemia ant> the HypOFiBRiNAE>nAS 
The Fibrinogen Level IN Haemorrhagic States P L KevolandJ Favre-Gtlly L} on, France 

Sang ig l6“35, 1948 

The authors studied the fibrinogen Icvcis in sixty cases with haemorrhagic sjndromes They dis- 
tinguish three primarj groups of hypofibriocmias 

Ci) An idiopathic hypofibrincmic diathesis with a fibrinogen lc\ cl betveen i and 2. 5 gm (m6thodc 
ponddzalc) responsible for certain recurring hemorrhages, such as cpistaxis, Mtreous hemorrhages, 
metrorrhagia, etc 

(t) Hypofibrincmias of hepatic origin 

C3!) Finally, the authors report three cases of pscudohctnophilic aftbnncmia v ith fibrinogen lc\ els less 
than o 5 gm Clinicall) , this more or less total absence of fibrinogen maj be suspected bj the sign of the 
microdot 

This work has been dc\ eloped in an important studj bj Favrc-GilJ) (Pans, Publ ^ igoc Frcrcs 19 - 47 ^ 
in which he deals with the whole problem of the fibnnopcnias 

The onl) point which seems to us to need discussion, concerns the hjpofibrincraias A Ic^cl of igm 
of fibrinogen is often found in normal subjects On the other hand, the fact that a fibrinogen Ic\cl of 
I 5-2. gra coincides with localized recurring hemorrhages docs not seem to us to be proof that it is the 
cause of these phenomena 

J P S 

Studi OP Thrombocytes w ITH THE Electron Microscope M Bessts ard Burstetn P^is Rc\ d hemat 

J 48-68, 194S 

The authors describe the technic of their examinations in order to obscr\c the platelets in their cir- 
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culatmg form, as m vivo, they took the blood with a paraffined needle and put it directl) into a citrate 
solution containing 1 per cent formol 

In order to observe the transient resting forms, already described as seen under the ultra-microscope 
by Fonio and Schwedener, they put the blood into citrate or oxalate solution 

In both cases the plasma is centrifuged for three minutes at a speed of aooo r p m One drop of the 
plasma is then spread on a slide and covered with collodion, before dissolving glass tvith hydrofluoric 
acid The fine particles of collodion which arc to be deposited on the objective of the electron microscope 
arc then dispersed 

Under these conditions, the circulating forms appear perfectly round with a central, very dense, nucleus 
and occasionally several granules 

In the transitional or dendritic forms, one obscrscs the dcntritcs which can be seen on many miao 
photographs Cmagnification X 10,000) 

Finally, the resting forms appear as a layer of round cells with a very fine cytoplasm and a slightly 
condensed granular nucleus 

Goose thrombocytes were examined by the same technic 

The authors draw attention to the internal structure of the platelets which arc formed of interlacing 
fibres around tiny spheres, and also to the little spherical bodies found in the plasma during the pre 
coagulation period and of which the significance is still unknown 

J P S 
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International Society of Hematology 

The International Society of Hematology in its first full dress Congress met at 
Buffalo, August There were 680 registrants from 18 different countries, 

including large groups from the Latin American countries and several individuals 
each from Great Britain, France, Holland, Sweden, Denmark and Norway 

The meetings were fully attended and the numerous exhibits and papers proved 
to be of unusual interest Those attending the meetings were highly enthusiastic 
not only because of the high calibre of the papers and the discussions but for the 
opportumty for face to face discussion with the various groups of workers in the 
field of hematology throughout the world 

The first day s program was dc\ oted to hemorrhagic disease and included papers by Diamond (Boston) 
on Congenital Afibrinogenemia, Soulier (Pans), Prothrombm Consumption, Seegers (Detroit), Pro- 
thrombin Activation, Owren (Oslo) on Factor V, Lozner (Syracuse) and Pavlovsky (Buenos Aires) on 
Hemophilia, Macfarlane (Oxford) on Prothrombin, Tocantins (Philadelphia) on Antithromboplastin, 
Jacques (Saskatchewan) on Heparmemia, and Bernard (Pans) on Thrombocytic Dystrophy 

The second day s program dealt with erythropoiesis and anemia and included papers by Bethell (Ann 
Arbor) on PTAH, Daft (Bethesda), Experimental Anemias, Jacobson (Cambridge, England), Enzymatic 
Activation of Folic Acid, Tinsley and Moore (Sc Louis), Inhibition of Erythropoiesis by High Oxygen 
Concentration, Finch (Boston), Iron Metabolism in Hemochromatosis, Shemin and London (New York), 
Porphyrins, Chevallier (Pans) Hemolytic Anemia 

On the third day, Jones (Buffalo) discussed phase microscopy and histochemical methods, Gibson and 
Vallee, Zinc and Carbomc Anhydrase, Thorell (Stockholm), Cytochemical Aspects of Blood Cell Develop 
ment, Gonzalez-Guzman (Mexico), Ictero-Anemia, Father (Boston) Ammopterm in Leukemia This 
last paper evoked a great deal of discussion 

On the fourth day, iso-iramunizauon was the chief topic of discussion, mih papers by Houghton 
(Columbus), Mourant (London), Levine (Raritan), Reid (Dallas), van Loghem (Amsterdam), Young 
(Rochester, NY), Race (London), Dacie (London), Robb Smith (Oxford), and Bessis (Pans) 

Thirty-eight scientific exhibits on display throughout the sessions dealt with lymph node aspiration, 
marrow puncture, red cell abnormalities, folic acid antagonists, hemolytic transfusion reactions, su ge 
blood, multiple myeloma, phase microscopy, electron microscopy, P31. therapy, spleen an j-per 
splcnism, Rh factor, vitamin Bia, etc 

The following officers were elected 

Fresident Professor Sir Lionel Whitby, Cambridge, England 

Vtce-Prestdents For North America Dr William Dameshek, Boston 

For South America Dr Luis Sandoval S , Santiago, Chile 
For Europe Dr G DiGugliclmo, Naples, Italy 

Counsellors (To be elected from each country) The three counsellors elected for 

the United States were as follows 

Charles A Doan, Columbus, Ohio 
Edwin Osgood, Portland, Oregon 

Ernest Witcbsky, Buffalo, New York . j r- 1 j 

The next congress of the Society will be held in Cambridge or Oxford, England 
in 1950 

In the Constitution, m hich was formalh adopted, it xx as stated that t c require 
ments for membership for those haxung the M D or Ph D degree me u c a 

sustained interest in some phase of hcmatolog) of at least fix c X ears 
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11 Prwcipio Antianantco-Pimtctoso By G Astaldi akd M Baldini Monograph of II Farmaco, Januar) 
1948 pp X34 

This monograph offers a rather complete ret lew of what has been accomplished and written on the 
subject of antipemicious anemia preparations since Minot and Murph) s fundamental discover} in 1916 
The main interest of the authors seems to be in the various methods for standardization and dosage of 
antianemic preparations They find that no method so far suggested is completel} satisfactory and pro- 
pose a test of their own This consists of stud} ing the reduction m size of nucleated red cells as the trans 
formation of megaloblasts into normoblasts takes place in the marrow of patients with pernicious aneniia 
Two marrow samples arc obtained and studied, one before administration of the material to be tested and 
one on the sixth day after it has been administered They feel that from a therapeutic standpoint the 
antimcgaloblastic unit corresponds to the antianemic unit (U S P ) 

The work is well up to date with a short chapter on folic acid and other products which has c appeared 
recently This part of the work could profitably base been more extensive 

Dasude Limentani 


Cytologtt Sanguine Normale it Pathologtque By M Bessis Pans, Masson &. Cic, 1948 pp t-jS 

With this work, Bessis offers the student of hematology in a pleasant andattractise fashion the 0 
subject of morphologic hematology much too often cast aside today 

This achievement has been accomplished through a limitation of theoretic considerations and cliroina 
tioa of speculative and polemic discussions The descriptive part of the text is maintained on a 
reality and is clarified by the large number of black and white figures and by 19 colored plates ' 
illustrations, in the form of black and white half tones and of colored tables, are in general good an 
some are particularly fine 

The material is divided into ten chapters devoted to cytologic techniques, reticulo-endothelial systcin. 
quancitatnc study of the cells of blood and hemopoietic centers, stem cells, erythrocytic, granulocyt j 
thrombocytic lymphocytic and hisuocytic scries and to the cells accidentally found on the 
blood and hemopoietic organs Each chapter includes a section on the morphology of pathologic 
involving the subject under discussion Instructions for puncture of lymph nodes, spleen, liver, tu 
masses, etc , and information concerning normal and pathologic morphologic findings are gw 
American reader may not care for the often involved European glossary method* 

This work dots not include any information regarding phase microscopy and histochemica 
which are becoming so much a part of morphologic hematology The book may be regarded as a va 
addition to the morphologic hematology library ^ ientani 


Maladies du Sang et des Organes Hcmatoposeti^ues By Jean Bernard Pans, Editions Medic 

“^‘=^"’*948 , me of a loose 

This beautifully printed and illustrated book of over 1000 pages represents one v oiu [,cnijto- 

S} stem of medicine There arc many colored plates of blood and bone marrow cells cJitoniC 

logic disorders arc classified in a rather unusual fashion those of acute type, those w 
(including pernicious anemia, polycythemia, chronic leukemias, etc ). those of wotl- 

t}-p:c type, and those caused by various known factors such as infections and parasites plated 

IS carried out very simpl} and systematically, perhaps too systematically There is ver> 
upon fundamental ph} sio-pathologic principles The book is recommended for presca'^'^ 

to obtain a quick and authoritative review of a particular subject, systematically an 
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CYTOLOGY OF RABBIT THYMUS AND REGENERATION OF ITS 
THYMOCYTES AFTER IRRADIATION, WITH SOME NOTES 
ON THE HUMAN THYMUS 

By Hal Downey, Ph D 

With the assistance of Ruby Engstrom, M A , M D 

I T IS now generally conceded that the “thymocytes ' are lymphocytes having an 
embryonic origin in the mesenchyme surrounding the epithelial anlage of the 
thymus, as shown by Maximow,^ ^ Hammar,^~® Hartmann,^ and others A few 
investigators (Fulci,« Goldncr,» Dustin, Schaffer,” Stohr,” Pappcnheimcr, ” 
Winiwarter,” Gottesman*® and Jaffe*^ have derived the free thymus cells from 

the epithelium, believing that they are special parenchymatous elements of the 
organ and not lymphocytes, or they are genuine lymphocytes derived from the 
epithelium (Schaffer,” Prenant,” Gottesman”and Jaffe” However, investiga- 
tions of the embryonic development of the thymus, especially the detailed studies 
of Maximow^ ^ and Hartmann,^ and experiments with radiation, transplantation, 
tissue culture, etc , (Dantschakoff,’® Hammar,®“® Jolly,^^ Popoff^* ^0 have con- 
vinced most investigators that the thymocytes are true small, medium and large 
lymphocytes identical to those of the lymph nodes, and that, like the latter, they 
are derived from mesenchymatous tissue 

IAs the normal thymus docs not have germinal centers and lymph nodules it can 
be assumed that most of the lymphocytes of the adult organ, the majority of which 
are small lymphocytes, are descendants of the large lymphocytes which invade the 
epithelial anlage from the mesenchyme of the embryo /Hartmann^ (^ 9 ^ 5 ) states 
that the immigration of these large, basophilic, ameboid lymphocytes begins at 
about the fifteenth or sixteenth day in the rabbit fetus, and that it subsides grad- 
ually Transformation of these cells to small lymphocjrtes begins on the nineteenth 
fetal day, and all intermediate stages in the transformation are present benveen the 
nineteenth and twenty-fifth days, after the epithelial anlage has been completcl} 
penetrated by the large cells 

Maximowi = saw many of these first large lymphocytes in mitosis and concluded 
that thclproduction of small cells was large!) b) division of the large oncs^Hart- 
mann' could not determine the exact mechanism and seemed to assume that there 

From the Department of Anatonn . Medical School. Unnersin of Minnc<«ta. Minneapolis, Minn 





1316 


CYTOLOGY OF UABBIT THYMUS 


IS direct transformation of large to small cells Many of the latter were in mitosis 
which, she thought, proved that they were not all derived from large lymphocytes 

To what extent the local stroma can contribute new lymphocytes, especially in 
the adult, is somewhat uncertain The question is important from the standpoint 
of the maintenance of lymphocytes in the normal organ and their regeneration 
following pathologic involution It was the main problem in the present investi- 
gation 

That the bulk of the supporting stroma is composed of an epithelial remnant of 
the embryonic anlage has been shown in detail by Hammar,^® Maximow’’ * and 
Hartmann ’’ The epithelium becomes disorganized by the immigration and prolifer- 
ation of lymphocytes and assumes a superficial resemblance to the reticulum of 
lymph nodes Hart-^ Rudberg^^ (1907), Pappenhcimcr” (1910), Hammar,*”* 

Ssyssojew^® (19x4), Wituschinski^^ (i9l 6). Marine^® C193O claim that this epithe- 
lial reticulum can form histiocytes, macrophages and giant cells, but the con- 
clusion of Schaffer^^ and of Gottesman*® and Jaffe (^19x4) that this tissue can 
also produce genuine lymphocytes is denied by the above authors and most other 
students of the problem Ssyssojcw,-® who studied accidental involution in chil- 
dren, concluded that the cells of the epithelial reticulum behave exactly like those 
of the reticulo-endothehal system, and that they should be included with this 
system in spite of their different origin 

The problem is difficult because mesenchymatous tissue becomes mixed with the 
epithelial portion and it is usually impossible to distinguish the two tissues in 
sections of the late fetal and adult stages 

Fibers, interpreted as connective tissue fibers, were seen in the thymus by 
ney 2 « (i88x), BelP® (1906), Mictens^i (1909), Pappcnhcimer^® (1910), Salkmd' 
C191X), Hartmann’ (1915), Strandberg®® (1918), and Jolly” (192-3) Their presence 
except for those radiating from septa and blood vessels is denied by Badcrtschcr 
C^9’^5) Strandberg,®® using the Bielschowsky method, made an intensive study 0 
the fibers in the human thymus from fetuses, newborn and adults up to the age 0 
54 He found that the black silver-staining fibers increased with age They were 
most abundant in the medulla and the boundary between cortex and meduJ a 
They radiated from the septa and from the blood vessels which penetrate the orga j 
and they penetrated the medulla for considerable distance beyond the vesse s 
septa He could not determine relationship of fibers to cells and could not distj^' 
guish between epithelial cells and mesenchymatous reticular cells The arci c 
accompanied by excellent lithographed plates The writer’s preparations of ra 
thymus stained with azo-carminc show practically idcnucal 
blue-staining fibers to parenchyme as those described by Strandberg for the u 


thymus 


Mietens” (1909) had observed numerous fibers penetrating the fj-otn 

lum of the medulla m human and animal thymus from deep ends of septa a 
perivascular tissue The fibers become embedded in this reticulum but t 
contribute to its formation Numerous thin fibrils in the cellular reticu 
thought to be precollagenous, while the thicker ones derived from 
vascular ussue of the larger vessels, and stained blue with Mallory, arc 
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Jolly, in 1313 and earlier, agreed that the thick fibers are collagenous He could 
not stain the thin fibrils of the epithelium with Mallory’s connective tissue stain, 
but could stain them with iron hematoxylin after prolonged mordanting, and so 
interpreted them as mitochondrial formations similar to those of the epidermis 
Investigations of others show that, mixed with the epithelial stroma there is a 
certain amount of mesenchymatous tissue which is undoubtedly responsible for the 
production of the reticular fibers The problem was studied by Salkind^^ (1911), 
Mollier^® (1913), and in great detail by Hartmann^ C1915) investigated the 
histogenesis of the rabbit thymus Hartmann found that mesenchyme penetrates 
the embryomc anlage with the connective tissue septa and the blood vessels At 
first It can be distingmshed from the epithelium but later this distinction is im- 
possible As capillaries develop throughout the organ she assumed that they must 
be accompamed by mesenchyme which has the capacity to form new lymphocytes 
During development of the thymus the narrow connective tissue septa contain 
numerous lymphoid cells and this tissue becomes a true lymphatic tissue, while the 
tissue surrounding the lobules remains as an ordinary connective tissue She noted 
that the boundary hne between the epithelium and the lymphatic tissue was soon 
obliterated and that the two tissues intermingled, a large portion of the septal 
tissue becoming a part of the organ parenchyme She beheved, but could not prove, 
that the mesenchymatous reticulum continues to form lymphocytes One of the 
important conclusions from this work was, that the thymus stroma contains much 
more mesenchymatous tissue than generally had been assumed 

Salkind^^ stated that he could see lymphocytes budding from the mcsench}Tna- 
tous reticulum within the thymus of the adult 
Tschassowmkow®® found it impossible to distinguish the two tissues except in 
tissue culture, where they separate 

Popoff 23 C192-8), a student of Maximow s, investigated rabbit thjmus by the 
tissue culture method He foimd that the epithelium formed islands and a border 
at the edge of the lobules Some of its cells became isolated from the syncytium, 
but they never phagocytizcd or stored colloidal dye Later the epithelium degen- 
erated and lymphocytes, histiocytes or myelocytes were never formed from it 
Histiocytes were numerous in the earhest cultures They were derived form the con- 
nective tissue partitions between the lobules, and in the interior of the organ, from 
undifferentiated mesenchyme cells about the blood vessels Undifferentiated mesen- 
chyme was found everywhere in close association with the blood vessels, and it is 
this tissue which produces histiocytes and lymphocytes in the autotransplantcd 
thymus and during regeneration following radiation 
Emmart^^ (1936) also experimented with tissue cultures of embrjo beef and 
human thymus and of 3-7 week old rats She found that the outgrov th of epithe- 
lial reticulum could be distinguished from that of the mcscnch) matous reticulum 
The cells of the latter were smaller than those of the former and their nuclei vcrc 
different The epithelial reticulum formed sheets of cells in the later cultures In 
nvo or three daj s after subculture there as an outgrov th of epithelioid tissue 
which differed from the outgroa\ th of the other tv o tissues Its narrov er bands had 
a distinct margin composed of fibroblast-likc cells Later some of the epithelioi 
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tissue broke up into individual round cells This tissue was assumed to be a remnant 
of the original epithelium which had not been transformed to reticulum No proof 
was offered for this conclusion 

From the foregoing statements from some of the literature it can be asserted that 
the thymus docs contain a considerable amount of mesenchymatous tissue mixed 
with the epithelial stroma and that it is probably this tissue which produces the 
fibers described by numerous authors From the character of the fibrils and from its 
activity in the production of histiocytes and lymphocytes (PopofP- 
concluded that this tissue is similar to the reticulum of lymph nodes, or that it is 
an undifferentiated mesenchyme closely associated with the vessels, as claimed by 
Popoff 

The writer was interested in determining whether the mesenchymatous reticulum 
can be distinguished from the epithelium in imprints or smears of the organ, and, 
if It can, to what extent it contributes to the formation of new lymphocytes in the 
normal organ and during regeneration following irradiation He was also interested 
in stud} ing the thymus lymphocytes in imprints, an interest which was stimulated 
by Dr Arthur Kirschbaum, who showed him some very immature lymphocytes in 
imprints of the normal mouse thymus 

Pinner^® (1^15), a student of Pappcnheimer's, seems to be the only one who has 
made a detailed cytological study of the thymus by the smear method His interest 
was focused largely on the question of whether the small thymus cells are lympho- 


cytes or epithelial derivatives 

The origin of myelocytes and mature granulocytes of the thymus was another 
problem studied in the present investigation Their presence in the thymus has been 
described many times but there is no agreement on their origin Some, hke Hart 
and Fulci,® believe that they immigrate from the blood or connective tissue sr 
saw scattered eosinophil myelocytes in the human thymus, but believed they w^^ 
the result of special conditions rather than an indication of hematopoiesis 
thought the blood was the most likely source Wituschinski^^ 
menting with the introduction of foreign bodies in the thymus, derived them 0^ 
adventitial cells of the vessels and from hemocytoblasts," some of which org 


nated from the epithelial stroma 
The prevailing theory for the origin of the thymus myelocytes is 
derived from the lymphocytes of the organ Maximow^ describe 

velopmcnt of myelocytes from large l)Hnphocytes of the thymus of feta ra 
other animals Danchakoff^” (1916) showed a similar origin m the thymus 0 


embryos after implantation of spleen grafts on their allantois 
Weidenreich and his student Weill made a detailed study of this pro 
mam features were published by Weidenreich^® (1912.) and the detai s y 
(1513) Their material was taken from full grown rats and from 4 jnd 

subjects, aged 15, 17, 19, and 37 years The 19 and 37 year olds were c«c ^ 
the material was placed in the ixing fluid immediately afterwar s 


were cases of accidental deaths heteto* 

The rat thymus was valuable because of the ring-shaped nucleus m 
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phils and eosinophils which facilitated the study of the development of these cells 
from lymphocytes All transitional stages in the process could be seen The thymus 
cells also developed to plasma cells The basophils were of the tissue type and were 
located in the connective tissue only 

The thymus from all 4 human subjects contained neutrophil and eosinophil 
myelocytes Eosinophils were seen in every section, and even in the 37 year old 
subject about 35 per cent of them were myelocytes The nuclei of the myelocytes 
varied from large leptochromatic to small pachychromatic nuclei similar to those 
of the small cells Many myelocytes were in mitosis Transitions between lympho- 
cytes and plasma cells were seen also in the human thymus, and a few plasma mast 
cells were noted Other mast cells were of the tissue type 

The authors concluded that the free round cells of the thymus are genuine lym- 
phocytes of various sizes similar to those of lymph nodes All types of lymphocytes, 
even the small ones, can develop to granulocytes and plasma cells within the thy- 
mus, and this is a normal process at all ages 

The authors did not mention the possibility of the development of granulocytes 
from mcsenchymatous tissue located within the limits of the thymus parenchyme 
Pinner^* made smears from the human thymus of Z5 cases ranging m age from 
newborn to one year, and from one 8 week old rabbit Two types of myelocytes 
were seen One type had large, pale nuclei and was identical to the marrow myelo- 
cytes, the other type had small, dark lymphocytic nuclei Both forms occurred in 
the promyelocyte stages with few granules Pinner assumed that they were derived 
from lymphocytes, but he did not give any of the details 
Hartmann^ saw some myelocytes with nuclear structure similar to that of large 
lymphocytes in sections of rabbit thymus She derived the granulocytes of the 
organ from large lymphocytes, but was not certain that they were of local origin, 
because she could not find eosinophil myelocytes containing only a few granules 
and because the neighboring connective tissue contained many granulocytes 

Ssyssojew"® saw extensive myeloid metaplasia during pathologic involution in 
15 children who had died of infectious diseases The neutrophil promyelocytes were 
identical to the large lymphocytes except for the presence of granules in their C) to- 
plasm There was also myeloid metaplasia in the surrounding connective tissue, 
and in nearby vessels which had its beginning with large Ijmiphocytes Neutrophils 
were the most numerous granulocytes 

PopofP^ (192.6), in regenerating stumps remaining after partial extirpation and of 
transplants, noted the formation of lymphocytes of different sizes from the con- 
nective tissue which invaded the h}4jertrophied epithelium with the vessels Some 
of these lymphocytes developed to m>eIocytes which were mosth of the 

darkly nucleated, micromyelocytic variety 

Fulcis (1913) stated that the th) mocytes are not IjTuphoci tes because the% do not 
differentiate to plasma cells or granulocytes However, the foregoing extracts from 
the literature indicate that there is good evidence for the origin of granuloci tes 
from these cells, and Schaffer,” Weidcnreich^" and DantschakofP" shoved that 
thej cm form plasma cells As the material studied b\ the vriter contained man% 
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Th *,s 

cause they showed the finest detail's of special importance bc- 
in deter Jning the origin of Slls 


Materials and jMethods 

>oung rabbit, aged 4 or 5 niomhTlL^rfadmc?%rh “S'" 4 5 months One 

sixth day after irradiation Its th> mus was i n ' *1 j of 50= r u This animal was killed on the 
after irradiation Its th>mus wasTn 1 40o r u and killed eight days 

One old normal rabbit was not irradiated ®tagc o mtolution and shots cd epithelial hyperplasia 

stillborns who died shortK before birrh^^*^ i®prints The specimens svcrc from 1. full term newborns, z 
aged fetal months ’ ^ male, one 33 months fetus, and one preminire 

Sections were°l 3 wuh hem^mx 

Pappcnheim s methyl green and ovron *" T f Oorainici s eosin-orangc G-toluidin blue, and with 
non of connective tissue fibers Sect svith azocarminc for study of the distnbn 

dioxan, as suggested bv Miss Helen pyronin were dehydrated with 

svith the usual acetone or alcohol dehydrat ° ^ laboratory Retention of stain svas much better than 

aranons sserc dried rapidly bVsvavm^^rh to a slide without smearing The prep 

All imprints were stained with the drying being essential for good films 

double strength, 6 droos of tmri i ^ unwald Gicmsa combination The Giemsa stain was used in 
The May-Grunwald solution was^L^" distilled water for each slide for five or six minutes 

minutes after the addition of w Th j * stain, one minute m the stock solution and three 

rinsing The slides were not co h. ' poured off and the Giemsa added without 

Most of the imorints showf-d ^ cause it was intended to use only the oil immersion objective 

0 s portions that were good for cytological study 


Observations (Rabbit) 

Jn the thymus the"n^^^^ were used for the study of regeneration of lymphocytes 

the epithelial and mesc^cht^ lymphocytes and of cells from 

There was Iirrl u /tn^tous reticulum and for the granulocytes 
newborn animals Ld(b difference between the thymuses of tb' 

born there ho^ ’’““S >«'<< 4 <>c ; months In the new- 

epithelial cellc rb ’ fewer large lymphocytes and, in the imprints, more 

reticular cells in rb young adults The presence of more epithelial 

texture of rbe ^ tmprmts of the newborn probably was due to the delicate 
of the organ whreh caused more of the ep.thel.al cells to adhem to the 


epithelial and mesenchymytous reticulum 

thnse*^nf 1 ’ °t«cnchymatous cells usually could be distinguished from 

FiPiirt's c ^ ®f‘t)wn in figures 5, 6 and 7 from newly born rabbits 

tn^rh I and figure 7 is a mcscnchymatous cell identic^ 

he reticular cells of lymph node imprints The epithelial cells have rathersharp 
out incs w cn t cy are free and their cytopJams is of a translucent pale blue co or 
when stained with May-Gicmsa It is not completely homogeneous, for some areas 
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are slightly more basophilic than others, and it usually contains many small 
vacuoles seen best in the darker areas It does not have the larger vacuoles usually 
present in the mcsenchymatous cells or inclusions of phagocytized material in the 
normal animals 

Figures 5 and 6 illustrate variations in structure of the nuclei of the epithelial 
cells of the imprints As seen in figure 5, the chromatin has a rather uniform distri- 
bution in the form of a network of broad strands which do not stain very intensely 
This network may become more sharply defined and there may be some clumping of 
chromatin, as seen in figure 6 Nucleoli were not seen in the imprints, butin sections 
many of the epithelial cell nuclei contain a sharply defined spherical nucleolus 
which, with Dominici’s stain, is colored light pink while the chromatin is blue 
Pinner® ® saw nucleoli in some of the epithelial cells of imprints of human thymus 
The nuclear membrane is extremely thin and poorly defined 

In the imprints the nucleus is round (fig 6) or slightly irregular in shape, and in 
many of the cells it has a deep groove on the surface (fig 5) These nuclear grooves 
also are seen in the sections, especially in the inner portion of the cortex and in the 
medulla, where the shape of the nucleus tends to be more irregular than in the outer 
portion of the cortex In the latter region the nuclei are usually round or elliptical 
In the sections the chromatin is condensed to a few scattered small granules which 
do not condense around the nucleoli This results in an extremely pale nucleus with 
any of the stains used The cytoplasm also shows very little affinity for any stain 

Cells like those of figures 5 and 6 are not numerous in the imprints, probably be- 
cause they are not easily detached from their fixed position They are most numer 
ous in the imprints from the newborn animals Many of them are damaged in the 
imprinting but usually can be identified by their peculiar cytoplasm in case the 


nuclear damage is too extensive 

The imprints do not have many histiocytic reticular cells like the one o gure 
7 but there are enough of them to indicate that they are an important constituent 
of the stroma They are identical to the reticular cells of imprints of lymp no es 
illustrated by Sundberg and Downey** (^ 94 ^) their figure 7, an in gure 4 o 
Downey and Stasney*® (1936) They are not fibrocytes of the septa or surroun g 
connective tissue because fibrocytes do not show the pronounce stipp mg o 
nuclear chromatin of reticular cells and their cytoplasm is more omogeneous 

The reticular cell of figure 7, and others like it, differs in both nucleus an ci co- 
plasm from the epithelial cells of figures 5 and 6 The cytoplasm as a pm 

due to the presence of numerous small azurophilic granules It usual!) contains 
several large vacuoles, often with inclusions of phagoc) tized material It seems to 
be more fluid m texture than that of the epithelial cells, for it usuall) extends for 
some distance beyond the nucleus and flows benveen neighboring hmphoc^ tes, as 


The nucleus stains darker than that of the epithelial cells because the chromatin 
>s condensed m the form of small granules which gnes the nucleus a stippled ap- 
pearance There are some open spaces m ashich the Molet 

sp.cuous There mas be some clumping of the chromatin granules to form chroma- 
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f All figures arc from thymus of rabbit All were painted iMth the same Mj) 

immersion objccusc and oscular loX Camera lucida outlines The imprints were stain 
Grunwald Gicrasa and the sections with Dorainici s eosin orange G tolmdm blue ^ rabbn 

Figs i, 1, 3 Pseudocosinophil promyelocytes and mctamycloc) tc Imprint fro 5 
In fig I the nucleus show s some stippling of chromatin that is characteristic of ce s 5uth 

tons reticulum, like the one of fig 7, suggesting origin of granulocytes from this re 
origin as seen in sections is illustrated in fig 10 
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tin blocks The beginning of this process is shown in figure 7 The type of stippled 
nucleus shown in figure 7 is characteristic of reticular cells regardless of their loca- 
tion Free histiocytes also show this same type of nucleus even when they are 
derived from lymphocytes, as is often seen in inflammation of the loose connective 
tissue, as shown by Kolouch'*^ (1939) his figure 7b 

In imprints it is sometimes difficult to distingmsh cells of the epithelial reticulum 
from those of mesenchymatous origin The epithelial cells may round up and be- 
come free and there may be considerable clumping of chromatin Usually the sharp 
nuclear groove or the pale translucent cytoplasm will serve to identify them as 
epithelial cells However, where the cells are crowded between Ijunphocytes it may 
be impossible to classify them, especially when the mesenchymatous cells are 
undifferentiated and do not have the histiocytic ty^jc of cytoplasm seen in figure 7 
In sections the difficulty is, of course, still greater 
Pinner,^® who studied imprints of human thymus, does not mention the presence 
of any mesenchymatous cells He did see epithelial cells with very leptochromatic 
nuclei some of which had nucleoli They were not described or illustrated in detail 
In the sections the mesenchymatous tissue often can be identified in some areas 
under the capsule and around the blood vessels which penetrate the cortex and 
medulla When stained with azocamune blue connective tissue fibers are seen to 
be most numerous in the medulla around the blood vessels but not entirely confined 
to the immediate neighborhood of the vessels Some very thin fibers radiate for 
some distance from the vessels into the parenchymc, and some thin fibers penetrate 


Fio 4 Prom) clocytc of mast leukocyte The nucleus is similar to the one of fig i Same imprint as 
figs 1-3 

Figs 5 and 6 Epithelial reticulum cells from imprint Note nuclear groo\c in fig 5 and clumping 
of chromatin in fig 6 The cytoplasm is characteristic and unlike that of the mcscnch\ raatous cell of fig 
7 Same imprint as figs 1-4 

Fio 7 Imprint of cell from mcscnch) matous reticulum Newborn Compare nucleus and c\ toplasm 
with the epithelial cells of figs 5 and 6 Note characteristic stippled nucleus and azurophilic granule^ in 

C) toplasm of fig 7 , ^ j . r 

Figs 8 and 9 From imprint of newborn Fig S L) mphoblast showing \er\ i use istri ution o 
chromatin In fig 9 there is some clumping of chromatin and some stippling suggesting origin o t is 

cell from mesench) me , , 

Fig 10 Section, joung normal adult Deselopment of heterophils from mesenchs matous reticulum 

under capsule Nucleus of upper granuloc) cc similar to nucleus of mcscnch\'mc \ top a m o me 
chsme cell not shown because it is unstained until granules begin to deselop The lower granuloci te 

show s that chromatin increases as the c\ toplasm fills with granules 

Figs iiandii Section, s oung normal adult Hemocs toblastic ms does tes in septum \ si, ght amount 

of basophilic c\ toplasm is still present 

Fig 13 Section, \ oung adult Heterophil mr does tc in cortex 

Figs 14 and 15 Imprint soung adult L% mphoci tic heterophil pronn elotste and ms docMe w„ 

nuclei of small hmphocstes Compare these nuclei with those of figs 1 - and 4 

Fig ,6 Imprint soung adult Heterophil metams elocs te w hich seems to has e dcs doped from a cell 

like 15 , 

Fig 17 Section Eosinophil ms docs te with nucleus of small Is mphocs te T^.scellwa ‘'"ofacro.p 
of 5 similar cells in interlobular connectisc tissue Eosinophils of this ts pe and rrans,iio"s ^ 

and the bilobed form occur in the medulla Ml the eosinophils ot the tab’s t ths-m.s s.-em to c-se^ .p 
from small Ismphocstes Figs 14 and 15 p'ose that hete'csphiN aEs mas deseiop fro- s-: sr 
c\ ic^ 
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the cortex from the surrounding connective tissue Strandbcrg^® (1918) illustrated 
the distribution of these fibers which stain black with the Biclschowsky technic 
They also have been described by others, so the details will not be given here On 
account of the black staining with Biclschowsky it may be assumed that the thin- 
ner ones arc related to reticular fibers and that some of the cells that produce them 
are reticular cells similar to the one illustrated in figure 7 
In sections the cytoplasm of these cells is almost colorless while they are in the 
inactive state Their nuclei are round or elliptical They contain little chromatin, 
but more and in coarser particles than is true of the epithelial nuclei They do not 
have nucleoli One of these nuclei is shown on the right of the x granulocytes of 
figure 10 The nuclear membrane is thicker than that of the epithelial nuclei 
The cytoplasm was not stained That cells of this type are mescnchymatous in 
origin is proved by the fact that some of them develop to granulocytes as illustrated 
in this figure This will be described in detail later A similar transformation of 
cells from the epithelial reticulum was not seen 


lymphocytes 

The lymphocytes of the imprints are of the small, medium-sized and large types 
seen in imprints of rabbit lymph nodes However, the nodes have some lymphocytes 
that are much larger than any encountered in the thymus imprints The cytoplasm 
of these cells is usually smooth, homogeneous except for a few small vacuoles, and 
very basophilic The nuclei are often immature in the sense that they show some 
characteristics of the nuclei of the reticular cells from which they are derived 
These large cells and the medium-sized lymphocytes have more cytoplasm than is 
seen about the nuclei of the lymphocytes of the thymus, and the nodes have many 
more extremely basophilic cells of all types Extremely basophilic cells arc present 
in the thymus, but on account of the narrow nm of cytoplasm they are not very 
conspicuous The nodes also contain many more immature lymphocytes than arc 
present in the thymus A detailed description of the lymphocytes of the lymp^^ 
nodes and thcr regeneration will be found in the paper by Sundberg and Downey 

(194O 

Small lymphocytes with very dark pachychromatic nuclei arc the most numc 
ous They have so little cytoplasm that often it cannot be seen The 
blocks are very dense and stain very dark blue which is almost black Slight y 
numerous are larger small lymphocytes with about the same nuclear structure 
with chromatin less dense and staining violet rather than blue black 

Komocki'''* (193*^) described and illustrated the dense nuclei of the small 
cytes of the thymus He believed that the smallest cells have no cytoplasm^ 
card, Dustin and Marcus were quoted as supporting this opinion He believe 
the nuclei of the smallest lymphocytes of lymph nodes have a different stru 
and that they always are surrounded by cytoplasm He agreed with Schri 
the nuclei of the small thymocytes are more loosely constructed te 

from the corresponding cells of the nodes His illustrations of the small t 
nuclei are accurate but the figures of lymphocyte nuclei from the or 

nodes do not in any way resemble the nuclei of lymphocytes of cither sc 
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imprints of nodes Pappenheimer^® (1910) also believed that most of the small 
thymocytes have no cytoplasm that can be detected in smears, in which respect 
they differ from lymphocytes of lymph node smears The thymocytes were 
thought to be epithelial elements 

It IS true that most of the small thymocytes have very dark checker-board 
nuclei with sharply demarcated chromatin blocks separated by rather broad pale 
interspaces Many of these nuclei are suggestive of the type seen in small plasma 
cells Similar cells occur in lymph nodes of the same animals but they are not as 
numerous and their chromatin blocks usually are not as darkly stained Naked 
nuclei similar to those of the thymus also occur in the nodes Lymphocytes that 
are slightly larger than the smallest ones usually have cytoplasm in both nodes 
and thymus 

The writer concludes that every type of lymphocyte of the thymus can be dupli- 
cated in the nodes However, certain types predominate in each of these organs, 
as has been shown in the preceding discussion 
Next in number in the thymus are medium and small large lymphocytes, usually 
with the nuclear structure of mature lymphocytes Cells corresponding to the 
largest lymphocytes of the nodes do not occur The cytoplasm of these thymus cells 
forms a narrow band about the nucleus, it is basophilic but usually not as dense and 
homogeneous as in the nodes It usually has a light area at one side of the nucleus 
Lymphocytes with abundant cytoplasm are scarce 

In sections narrow-bodied large lymphocytes arc scattered among the small and 
medium ones of the cortex There are very few large or medium-sized ones in the 
medulla The largest ones with the most abundant cytoplasm tend to collect under 
the condensed connective tissue at the surface of the lobules Here they approach 
in size the large lymphocytes of the nodes, although the nodes have some l}mpho- 
cytes larger than any that occur in the thymus Blood vessels of the medulla some- 
times are surrounded by a dense collar of small and medium lymphocj tes, a condi- 
tion which seems to be more frequent during regeneration after radiation 

In the thymus imprints there is a fair number of large l)mphoc\tcs with \cr\ 
immature ’ nuclei In some of these cells it is diffuselv distributed in the form of 1 
delicate network or fine stippling without any clumping of chromatin One such 
cell IS shown in figure S Cells of this type arc sufficienth immature to be called 
lymphoblasts They resemble the l}Tnphoc} tes of acute leukemia more than thc\ 
do the immature reticular lymphoc)tcs of the rabbit nodes These blast cells 
are not numerous Cells like the one of figure 9, in w'hich there is some clumping of 
chromatin, are more numerous The nucleus of this cell has some characteristics 
suggesting origin of the cell from a mcsench^ matous reticular cell with a nucleus 
similar to that of figure 7 There is some clumping of chromatin but there is also 
some coarse stippling of the chromatin like that of figure 7 Some transitional 
forms bctw’ecn 7 and 9 could be found but thc% were not nearh as numerous „ in 
Lmph nodes Illustrations of these transitional stages in hmph noJes arc to he 
found in the papers of Downet and Stasnea - (1936^ and Sundberg and Dos rzs 
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The presence of these transitional stages suggests that there is some development 
of lymphocytes from mesenchymatous reticulum in the thymus of normal animals 
In the sections of normal animals it was impossible to see this line of development 
However, during regeneration after irradiation of the thymus, as seen m sections 
stained with methyl green and pyronin, development of lymphocytes from the fixed 
tissue seems to be increased This is probably the best stain that can be used for 
study of this process The transition from fixed cells to free lymphoid cells was 
noted in several places at the periphery of the lobules near the capsule, and in the 
medulla close to the larger blood vessels Downey and Weidenreich'*'' (1912-) pub- 
lished descriptions and colored illustrations of the development of lymphocytes 
from reticulum in sections of lymph nodes stained with methyl green and pyronin 
The process is similar to what was seen in the irradiated thymus 

From the character of the intermediate cells of the imprints it seems clear that 
the fixed cells involved in this process are not of epithelial origin as some authors 
have assumed Hartmann,^ better than any other author, has given an explanation 
of the presence of mesenchymatous tissue in portions of the cortex and m the 
medulla in the neighborhood of blood vessels The mesenchyme which penetrates 
the organ in early embryonic stages is undoubtedly the fixed tissue which is cap- 
able of forming lymphocytes under certain conditions Hartmann believed this 
but she was unable to demonstrate it with the methods she used 
The presence in the imprints of reticular lymphocytes similar to those of the 
nodes can be explained by the activity of the mesenchymatous tissue in the pro 
duction of lymphocytes However, this does not account for the immature l)Tnpho 
cytes of the blast ’ type similar to those of lymphatic leukemia Naegcli“ believe 
that the lymphoblasts were not blasts” but lymphocytes which were about to 
divide by mitosis or had just completed a division This might be an explanatu^ 
for the presence of such cells 10 the thymus but it does not account for their a 
sence in lymph nodes Mitoses were not very numerous in the normal thym 
material used in this study Their number was increased during regeneratio 
following irradiation and the blast” cells also seemed to be more numcrou^^ 
The lymphoblasts do not seem to be an intermediate stage in the development 
lymphocytes fi:om the mesenchymatous reticulum However, the thymns is 
very favorable material for study of this question because the lymphoblasts arc^^ 
few in number The development of similar cells from the reticulum has been sc 
in human lymphatic leukemia by Fmeman^® (19^-^) by Stasney and Downc 
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As noted in the introduction, many investigators have seen from 

normal animal and human thymus Some, like Hart, thought they res ^^^^5 
special conditions and so were not to be interpreted as a sign of th)'m“* 

Others believed they were formed in the connective tissue surrounding 
or were brought in by the blood Pappenheimer^® interpreted c ^ 

myelocytes as specifically differentiated epithelial elements whic r-ontainmg 
secretory function Hartmann^ could not find eosinophil myelocytes 
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onI\ 1 few cnmilc‘> >>1) c(iiKliKlci.i thc\ were iic\clopcJ outside the tlnmus, while 
the heterophil'- were (if lot il oriniii W cidenreicli’’ ' ind \\\il)"' ire iinong the 
few who ln\ e studied the qriiniloi. \ tes 111 suliicieiu dctnil to trice their origin and 
innsfornniion to nnture leuhocx tes 

In tljc imprints titcre ire two tvi'csof rrinuloextes in the heterophil senes, viz , 
1 t\]sc siniilir to those of the hone niirrow (figs i-}), tnd the l\mphoc}'tic type 
(ligs i^-if- deserihcd h\ W eidcnrcie'h,’" W’cill'" ind Tu\e In the youngest 
proni\eloe\ tes of tlic hone in irrow tejse gnnules ire not hisophilic is they often 
ire in the imrrow The hisO]''hil nneloeites (mist m\eloc)tcs} that w^ere seen 
(fig were of tile hone mirrow t\|sc uul were similar to the cells of the heterophil 
scries (pnl\ morphonuelc irs} c\cc]''t for tlie color ind size of the granules Eosino- 
phil m\cloc\tcs ind Icukoes tes were not numerous in the imprints The nuclei of 
the m\cloc\tcs were of the smill l\mphoe\te t\pe, is shown in figure 17 w'hich, 
however, is from i section Imprinting does not chinge the morphology of these 
cells to in\ greit c\tcnt 

The Cells illustntcd in figures i-^ were compired to similar cells in excellent 
rihhit hone mirrow smeirs loaned h\ Dr Dorothv Sundberg of this Department 
The hmphocvtic tv pc of mvclocvtc (figs 14-16} vv'is not seen in the marrow but 
cells compinhle to those of figures 1-3 were numerous How'cv'cr, there were some 
differences in structural details between the tw'o series The heterophil myelocytes 
of the th) mus (figs i , 1) tend to spread out more ind assume more irregular out- 
lines than is true of the corresponding marrow' myelocytes This probably is due to 
difference in the character of the tissues Ow'ing to the thin spreading of the cyto- 
plasm the granules of the thymus cells appear larger than those of the marrow 

In man) of the marrow heterophil myelocytes some of the granules are baso- 
philic, or of intermediate tints between basophilic and acidophilic In the thymus 
the granules arc always bright red The only basophilic granules seen were in the 
mast leukocytes and their myelocytes (fig 4) The coarse, dark myeloid azure 
granules of irregular shape and size which are present in many of the marrow 
promyelocytes vvere not seen in the thymus imprints 

Nuclear structures of the myelocytes from the two tissues were quite similar 
The nuclear pattern of the earliest promyelocytes is quite diffuse It becomes coarser 
as the cells mature, as seen in figures 1-3 The nucleus of figure i shows some 
chromatin blocks which are not as dense as those of the more mature cells, and it 
also shows some stippling of the chromatin In the marrow some of the promyelo- 
cytes have a more leptochromatic myeloblastic type of nucleus than those o t e 
thymus This may be only an apparent difference due to the greater number of 
myelocytes in the marrow which facilitates the finding of the various eve op- 

mental stages , , 

The lymphocytic type of heterophil myelocyte seen in the imprints and il- 
lustrated in figures 14-16 was not seen in the marrow The gran cs arc 1 entica 
to those of the marrow type of cell (figs 1-3) but the nuclei are quite diff^crcnt, 
and the cytoplasm never shows more than a trace of basophilia The nuclei arc 
identical to those of small or medium lymphocytes Their chromatin is in dense 
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blocks separated by clear interspaces and it stained very dark blue (fig 15) or violet 
as in figure 14 This difference in color probably is due to variations in the degree 
of spreading of the cells and their nuclei The nucleus may be in the center of the 
cell but usually it is eccentric (figs 14, 15) A cell of this type with a central nu- 
cleus as seen in section is shown in figure 17 
In the marrow type of promyelocyte the cytoplasm is quite basophilic when the 
first granules appear In the lymphocytic type the small lymphocytes develop a 
medium or wide cell body which becomes almost colorless The first granules ap- 
pear as very small pink specks in this colorless cytoplasm A few of these cells with 
the nuclei of small lymphocytes (figs 14, 15) have a slightly basophilic area with 
few granules and a colorless area in which most of the granules are concentrated 
(% 14) Cells of this type arc not very numerous That they complete their de- 
velopment is indicated by cell 16 which seems to be a metamyelocyte of this scries 
Several pseudoeosinophils with this type of nucleus, and transitional stages be- 
tween this and the lobulated nucleus of the mature heterophil were found in the 


imprints 

In the sections most of the heterophil (polymorphonuclear) myelocytes are of 
the hemocytoblastic type of figures 11-13 Their nuclei are identical to those of 
the large basophilic lymphocytes of the sections Their nuclear membrane is thick, 
the chromatin blocks are coarse, and there is good staining of the karyoplasm 
Remnants of basophilic cytoplasm are often present (figs ii, 12.), and m the 
younger promyelocytes it is obvious that the granules develop in a basophilic cyto- 
plasm A few heterophil myelocytes with dark, compact nuclei corresponding to 
those of figures 14 and 15 of the imprints were also seen in the sections 

All transitional stages in their development from large basophilic lymphocy^ 
to mature cells can be found Development of granules does not begin until t c 
lymphocytes have acquired more than the usual amount of basophilic cytoplasm 
Cells that are in compact groups arc often in the same stage of development, thus, 
there may be several metamyelocytes in one group and only myelocytes m 
neighboring group 

The distribution of these cells is quite irregular, they are numerous m som 
lobules, particularly the smaller ones that project for some distance into the s ^ 
rounding connective tissue Other lobules contain none They are most 
in the outer portion of the cortex close to the capsule, but they can also be oc 
in any part of the organ They are either scattered or in compact groups, an 
be numerous in the medulla in the neighborhood of large blood vessels an c 


nective tissue strands 

Another type of pseudocosinophil myelocyte which usually occurs arc 

2. or 3 cells immediately under the capsule is seen occasionally Two such cc 
shown in figure 10 Their nuclear membranes are thinner and the 
than those of the hemocytoblastic type due to the lighter staining or 
plasm and the smaller and more diffusely distributed chromatin gta 
cytoplasm of the younger promyelocytes with few granules is only s ig 
philic, as seen in the upper cell of figure 10 The basophilia increases as 


acquire more granules (lower cell of fig 10 ) 



IIAI DOWM-i 


1319 


Thc'>c tells dc\cIop from tlic stroim under tlie capsule This reticular stroma 
IS p'oluhh of nicseiKln mntous origin Its nuclei have slighth thicker membranes, 
more chromatin, and absence of nucleoli to distinguish them from the nuclei of the 
epithelial reticulum One such nucleus is slum n on the right of figure 10 The cyto- 
plasm could be seen but s\as practicalh colorless so has not been included in the 
figure The nucleus of the upper m\eloc\tc is identical to this nucleus, although 
somewhat smaller The nucleus of the lower m\eloc)te has more chromatin and 
slighth darker kartoplasm, but it is not the h mphoc\ tic t\ pc of nucleus of figures 
n-13 It IS possible that such i cell mat eventualh resemble the lymphocytic type 
This point could not be settled because there are so few' mt eloc) tes developing from 
the fi\cd tissue Some cells similar to the upper one of figure 10 w'crc seen in the 
medulla where there mat be much mesencht matous tissue It is logical to assume 
that thet also have originated from mesench} matous reticulum 

The rabbit is an animal that has fetv eosinophil leukocytes in its blood, marrow 
and thtmus While the total number in the th}mus seems to be small they may be 
numerous in the medulla of some lobules Their development in rabbit marrow from 
m)eloblasts was described bt Ringoen'*”' C1911) who showed marked changes in 
size and staining reaction of the granules as thej matured These changes in stain- 
ing reaction of the granules w'crc not seen in the imprints or sections of the thymus 
The granules arc larger and not as bright red as the pscudoesinophil granules and 
they arc more refractile The) arc often spindle shaped in the sections Only a few 
of the mononuclear eosinophils had cytoplasm that was not completely filled with 
granules, which sometimes were a little smaller than those of the more mature 
cells 

Small and medium lymphocytes with dark checker-board nuclei seem to be 
the progenitors of all the eosinophils which arc developed in the thymus and of 
a few of the marrow eosinophils When the nucleus becomes bilobed the chromatin 
pattern remains essentially that of the small lymphocyte, although there may be 
some condensation of chromatin to form the cart-wheel type of nucleus Tuve 
and Wcill« described two types of eosinophil myelocytes in human thymus, those 
with large leptochromatic nuclei and those with the nuclei of small lymphocytes 
Only the latter type could be found in the rabbit 

Mononuclear eosinophils like the one of figure 17 often occur in groups in the 
interlobular connective tissue and in the septa The cell of figure 17 is one of a group 
of five similar cells Because of the number of these cells in the group, and because 
similar cells were seen in the imprints, one cannot assume that the nucleus is 
merely a section through one lobe of a bilobed nucleus, as was claimed by Schrid c 
for similar cells Single cells of the same type are found occasionally in the medulla, 
and in some portions of the medulla, near large vessels and connective tissue 
strands, they and mature eosinophils with bilobed nuclei are quite numerous 

Mature mast leukocytes (basophils) with lobulated nuclei and a few of their 
promyelocytes and myelocytes were seen in the imprints of the thymus cy cou 
not be identified in the sections, probably because the rabbit mast granules are very 
soluble in water One of the promyelocytes is illustrated in figure 4 The granules 
have a violet or purple color with May-Giemsa staining and they vary somewHat 
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in size and shape The nucleus of cell 4 is typical of the other basophil myelocytes 
that were seen Its structure is identical to that of the bone marrow myelocytes 
whose origin could be traced to the myeloblasts In the marrow smears examined 
the cells arc not spread as thin as the one of figure 4, which probably accounts for 
the smaller size and darker staining of the granules of the marrow cells Tissue 
basophils arc very scarce in the rabbit and none was seen in the thvmus of this 
animal 

The origin of some of the granulocytes of the thymus is not clear, and comparison 
of granulocytes of sections with those of the imprints is sometimes difhcult 
The cells of figures i to 3 seem to belong to one senes If one saw only cells 2. and 3 
he would be inclined to believe that they were derived from lymphocytes on ac- 
count of their nuclear structure Cell i has a more immature nucleus with some 
stippling of the chromatin and some rather pale chromatin blocks which arc com- 
posed of small chromatin granules A nucleus of this type could have originated 
from a reticular nucleus, like that of figure 7, or from the nuclei of immature 
lymphocytes (figs 8, 9) which in turn may have been derived from the mescnch}- 
matous reticulum Cells x and 3 show that the nucleus acquires a coarser structure 
as the cells mature This corresponds to the maturation of similar cells in the mar- 
row and so does not necessarily mean that the cells have been derived from IjTupho- 


cytes 

In myeloid metaplasia lymphocytes may change the structure of their nuclei 
to the type chat is characteristic of the myeloblast before the cells develop gran cs 
This dcdifferentiation of the cells was noted especially by Donunici''^ (19^^ 
earlier) and by Maximow- (1913) nnminin^ studied experimental myeloid meta 
plasia of the spleen and noted that some of the lymphocytes passed throug 

myeloid’ stage during their evolution to the granulocyte while others 1 ^ 

In the myeloid type of evolution the lymphocytes assume the character o loyc 
blasts with pale nuclei and little chromatin In the lymphatic type of evo uti 
lymphocytes of any type acquire granules without any further changes innuc c ^ 
and cytoplasm In both cases the cells enlarge before producting granules, 
the myeloid type the nucleus enlarges more than the cytoplasm, so that ^ ^ ^ 
plasm becomes relatively narrow and very basophilic The lymphatic typ- 
evolution is the more common one in the normal animal 

Maximow- (19x3) saw myeloid metaplasia in cultures of rabbit lymp 
which cell free bone marrow extract had been added All of the 
developed from lymphocytes In some instances the lymphocytes acqm 
pale nuclei before developing granules, in others the lymphocytes were 
unchanged when they developed their granules These observations arc 


to those of Dominici®^ in the mammalian spleen devdoP 

The dedifferentiation of lymphocytes which may occur before t^c> 
granules makes it difficult to determine in all cases the origin of ce s rra*’®' 

illustrated in figures i and 4, especially in the thymus in which the m) 


formation is not veiy- active in the normal state 

Figures 14 and 15 illustrate another type of heterophil myelocyte 
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well in the imprints Tlieir mielei ln\c the structure of the smill or medium lymph- 
oc\tc, the intermednte stigcs in their dc\c!opmcnt from l\mphocytes were seen 
ind ht\e been JcscriheJ In tlic sections most of tlic heterophils, like those of 
figures 1 1 to 13, Tte derned from 1 trge Insophilic hmphocytes It is possible, 
howeser, tint cells 11 nnd 15 of the seetions correspond to cells 14 and 15 of an 
imprint, although there seems to be too much condensed chromatin in cell 15 for 
the nucleus of a large 1\ mphocs te 

The heterophils of figure 10 which have originated from the fixed mesenchy- 
matous reticulum ha\c nuclei w’hich suggest tint these cells correspond to cells 
of figures I and 2. of the imprints In the imprints the mesenchymatous tissue has 
nuclei similar to the one of figure 7, in sections they appear as in the right-hand 
nucleus of figure 10 

Rl G1 M HATIOV or LaMPHOCSTLS ArTER IRRADIATION 

From the character of some of the immature l)mphocytes in the normal thymus 
one w'ould suspect that there was some development of lymphocytes from the 
mescnch) matous tissue However, all the transitional stages could not be traced 
in cither sections or imprints Sev'cral fields were located similar to the one shown 
in figure 10 in w’hich granuloc) tes w'crc developing from the fixed mesenchymatous 
tissue, but a similar origin for lymphocytes was not seen in the normal animal 
This proves that regeneration of lymphoc} tes in the normal thymus is homoplastic, 
although It seems likcl) that a few' arc derived from the mesenchymatous portion 
of the stroma 

The picture is ver) dificrcnt during the active phase of regeneration following 
irradiation In this material many clear cut instances were seen of the development 
of lymphocytes from the mesenchymatous reticulum Sections of thymus fixed in 
Hclly’s fluid, stained with methyl green and pyronin, and dehydrated with dioxan 
were especially good for this problem 

The animal used for detailed study was 4 or 5 months old It was irradiated with 
a dosage of 500 r u and killed six days later Thanks for this arc due Dr Harry W 
Mixer of our Department of Radiology Only the region of the thymus was irradi- 
ated The dosage was probably sufficient to eliminate most of the lymphocytes 
from the organ 

Sections showed that recovery was not complete and that regeneration of lym 
phocytes was still in active progress Mitoses were numerous Although this was 
a late stage of regeneration the material was very favorable for study of the local 
origin of some of the lymphocytes 

The imprints from this animal contained many more large lymphocytes wit 
immature nuclei, similar to those of figures 8 and 9, than were observed in the nor- 
mal animal of this same age or in the th>rmuses of the newborn animals Many of 
the nuclei were of the blast type, a few suggested origin from nuclei of mesen- 
chymatous reticulum The increased number of lymphoblasts might be accounted 
for by the numerous mitoses 

In the sections the boundary between cortex and medulla was not very sharp 
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and often could not be determined The cortex of most lobules was very narrow and 
Its outer portion was very dense with closely packed lymphocytes, many of which 
were of the large variety Mitoses were especially numerous in this region, and it 
was here that transitional stages between fixed tissue cells and lymphocytes were 
most numerous The intermediate stages were similar to those of figure lo except 
that the lymphocytes did not develop granules Sections of this same matenal 
stained with Dominici showed that no new myelocytes were being formed and 
that those present were degenerating Comparison with normal material leads to 
the conclusion that exposure to x-rays reduces or suppresses the local production 
of granulocytes 

Not all of the fixed tissue of the subcapsular region is of mesenchymatous origin, 
and It IS only in a few limited areas that one can see the development of lympho- 
cytes from the fixed tissue the characteristics of which have already been described 
Islands of epithelial reticulum show no signs of activity, and this is also true of 
the compressed epithelium between the numerous lymphocytes of the peripheral 


cortex 


The lymphocj tes originating from the mesenchyme are mostly large and they 
soon develop very basophilic cytoplasm Their nuclei may still have the structure 
of the mesenchymatous nuclei and have very little chromatin The cell outline 
usually IS quite irregular but tends to become more rounded as the cytoplasm in- 
creases in amount and density 

Small and medium lymphocytes which have been formed in the outer portion o 
the cortex arc crowded towards the medulla in dense strands between the radia y 
arranged blood vessels In the outer portions of the medulla of some 
these strands may spread out to form irregularly shaped masses of densely pac t 
lymphocytes Similar dense groups of small lymphocytes may also occur deep m 
the medulla and in the cortex They may also form dense collars about some o t 
blood vessels This distribution of lymphocytes was also noted by Christcnsc 
and Griffith®^ during accidental involution and early regeneration in rats 

Lymph vessels which usually accompany the larger blood vessels are 
packed solidly with small and medium lymphocytes Rudberg^^ thoug t 
meant that during regeneration many of the lymphocytes immigrated throug 
lymph vessels, possibly from neighboring mcdiasunal lymph nodes which rege^^^ 
ate faster than the thymus Both he and Hart^-* stated that the number of ^ 
would not account for the rapid production of lymphocytes Rudberg, pf 

worked with many x-rayed animals, could not sec any evidence for mig^ 
lymphocytes from the lymph vessels to the surrounding thymus tissue, an 
also true of the material being described in the present study ,ncdulla 

The development of lymphocytes from the fixed tissue also occurs in t 
in regions containing abundant connective tissue, large blood vesse s, ^ 
Hassall’s corpuscles Here it is again evident that the epithelial of 

forms the corpuscles of Hassall is in no way associated with the pro 


lymphocytes 

The relative number of large lymphocytes is not as great 
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peripheral cortc\ Tlic lMHphoc\tcs developing from the fixed tissue arc mostly 
of medium si?c and thc\ origimtc from smaller mcsench} matous cells, with smaller 
nuclei than those of the cortex 

The other irradiated rabbit was an old inimal in which the thymus was in an 
adsanced stage of iinolution The region of the thymus was exposed for a dosage 
of ^00 r u and the animal \\ as killed S da\ s later 
The regeneration of l\niphoc\tcs is not as extensive as in the younger animal 
though the time inters al betas cen irradi ition and death ss'as tss'o days longer 
There IS marked hs pcrplasia of the epithelium svhich forms svide marginal bands 
in some places and large islands in others The latter usually extend to the surface 
but mas be central These epithelial marginal bands and islands ssdiich form during 
the involution of the thsmus ss’cre described in detail by Bienert (^9^3) 

Most of the lsmphoc^ tes arc concentrated in dense masses svhich usually have a 
central location but mas be more peripheral and extend to the outer margin of the 
long narross' organ It is diflicult to sec an) reticulum in these regions Epithelium 
of the islands and marginal bands forms a dense nucleated mass without cell 
outlines 

There are a fess' scattered lymphocytes and small groups of them in the epithe- 
lium It ss'as impossible to detect any mesenchyme associated with the epithelium 
svhich could gis'c rise to l)mphocytcs Large blood s'^esscls are surrounded by con- 
ncctis'c tissue Development of lymphocytes from this tissue could not be de- 
tected A fesv lymph s'csscls arc filled svith lymphocytes, and this may be the chief 
source of the ncss' lymphocytes, as there is no evidence for their formation from 
local fixed tissue in this animal 

Rudberg'® states that after intense radiation which destroys all the lymphocytes 
the first ones to reappear enter the central portion of the organ where they pro- 
liferate and are later distributed to the cortex Conditions in this ammal seem to 
support Rudberg’s conclusion It is possible that in the older animals the mesen- 
chymatous tissue, if present, is no longer capable of producing lymphocytes More 
extensive material would be required to settle this point In the young irradiated 
animal there is good evidence for the active production of lymphocytes in the 
cortex by mitosis and by heteroplastic development from the mesenchymatous 
reticulum 

Irradiation docs not cause myeloid metaplasia of the thymus as docs acci enta 
involution from infections as described by Ssyssojew"® in the thymus of chi ren 
No myelocytes were seen in the thymus of the younger irradiated animal, an on y 
one small group of heterophil myelocytes was located in the older ammal Two 
myelocytes of hematogenous mast cells with large nuclei were seen, and tissue mast 
cells with small lymphocytic nuclei were fairly numerous in the older rabbit A 
few plasma cells and plasma mast cells were also seen There were no tissue mast 

cells in the thymus of the younger animal 

There were many cells which appeared to be macrophages in the sections of the 
older irradiated animal They contained flakey, granular material which stained 
pale blue or green with the tolmdin blue of Dominici s stain and light pink or 
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yellow with hematoxylin and eosin The nuclei were eccentric, and in general 
appearance the cells were similar to the macrophages of subcutaneous tissue after 
colloidal dye injection The included material resembles the endogenous granular 
substance derived from mitochrondria described and illustrated by Tschassowni- 
kow*® in fixed and free reticular cells of cultures of rabbit thymus He found the 
epithelial cells of the cultures to be only slightly phagocytic The granular cells of 
my preparations did not contain intact lymphocytes or their nuclei 
Some of the nuclei of the granular cells were of the histiocytic or lymphocytic 
type, but many had nuclei similar to those of the epithelial cells, including even 
the spherical nucleoli and nuclear grooves The nuclear membrane often had many 
wrinkles Some of the fixed epithelial cells also contained the same granular sub- 
stance The macrophages (?), therefore, seem to be of multiple origin, from Ijmi- 
phocytes, from mesenchymatous reticulum, and from the epithelial reticulum 
It IS very likely, however, that the technique employed did not permit distinction 
between true macrophages and epithelial cells Tschassonikow^® (192.7) could not 
make the distinction in sections of rabbit thymus, but when he added lithium car 
mine to his cultures he observed the migration of dye-storing macrophages from the 
explant The epithelium of his cultures did not store the dye 

The epithelial origin of macrophages of the thymus was claimed by many 
authors, among whom may be mentioned Rudberg,-^ Pappenheimer,’® 

Wass 4 n,“ Ssyssojew,^® Wituschinski,^^ and Marine 
Popoff (1916,^^ 1918^^) never saw any macrophages or dye-storing cells deve op 
mg from the epithelium of cultures and transplants He derived all the catnunc 
cells from embryonic mesenchyme about the blood vessels He did not see an 
timate mixing of mesenchymatous and epithelial tissues, but believed 
perivascular connective tissue would assume embryonic characters where it 
in contact with epithelium This is contrary to Wassen®'^ (2925) j 

macrophages growing out from the perivascular tissue of cultures of frog 
but did sec their development from epithelium The epithelium docs not 
macrophages or phagocytize degenerating lymphocytes according to 
and Grifiith ®2 who obtained rapid involution in rats fed cholinc-dcficicnt 
Tschassonikow,®® from his work with cultures, concluded that the re 
composed of connective tissue elements and epithelium so intimately b en 
they cannot be distinguished except when conditions arc unusual, as 
volution and in cultures, when the elements may separate and each 1 
in Its own particular direction , gathef 

Wituschinski-’' (19x6) claimed that histiocytes and macrophages w 
about a foreign body introduced in the thymus are derived from a ye 
other connective tissue cells, and from cells of the cndodermal rcticu derived 
claimed that hemocytoblasts which resemble large lymphocytes 
from the cndodermal reticulum under these conditions The numerous and 

which develop around the foreign body he derived from the hcmocj 
adventitial cells of neighboring capillaries He did not believe that y 
could be derived from the epithelial reticulum 
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In the rmtcrnl studied h\ the writer nothing wns seen which would indicate 
origin of hcmoc\ tohHsts or other Ijmphoid cells from the epithelial reticulum 
Ho\\c\cr, the matcrnl docs show tint the epithelial cells may become free rounded 
cells, some of which assume the form of unicellular Hassall s corpuscles, while 
others transform to macrophages, or at least to cells which resemble them very 
closch 


Human TinMus 

Some human material became available during the course of this investigation 
It was provided b) Dr Robert \\^ Collett, who performed the autopsies on in- 
fants and children who died in Minneapolis hospitals The imprints made by Dr 
Collett w'crc studied b) the writer Sections w'crc not available at the time this 
stud^ wns made All of the material show's some postmortem change and was not 
good enough for detailed studj of Ijmphocytc nuclei However, it could be seen 
that the l)mphocytes w'crc practically identical to those of the rabbit except that 
the c) toplasm of the larger cells w'as not as basophilic It was noted that the 
largest 1) mphocytes did not equal the largest ones of human lymph nodes, and that 
the thjmoc) tes usually had less cytoplasm than the lymphocytes of lymph nodes 
There w'erc some 1 } mphocytes with leptochromatic nuclei but because of the 
postmortem changes one could not be certain that they were true blast forms 
Cells from the mesenchymatous reticulum, similar to figure 7 from rabbit, could 
not be identified Cells from the epithelial reticulum, however, were qmte numer- 
ous in some cases, especially max year old male who died of influenza meningitis, 
in a 10 weeks premature that lived zi days, and in a 5I months aborted fetus which 
lived for 3 hours 

Several groups of 4 to 8 attached epithelial cells were seen, they were most 
numerous in the premature infant Most of the epithelial cells, very numerous in 
the 2. year old child, occurred as single round, irregular or elongated cells The 
round cells generally had smooth surfaces, while the margins of the elongated or 
irregular cells were often serrated or spiked The nuclei were elliptical in the 
groups of attached cells and round in most of the free cells 
The nuclear membrane of all the epithelial cells was very thin Many of these 
cells had i or x pale blue spherical nucleoli In the largest epithelial cells the nuclei 
were very pale and had little chromatin which was widely dispersed in the form of 
fine strands and granules The nuclei of all of the smaller cells had about the same 
structure, they were darker due to condensation of chromatin in dense short rods 
and irregular small masses with a considerable amount of pale pink parachromatin 
between them The cytoplasm was opaque and nearly homogeneous It was colorc 
dark gray which often had a pale pink cast with May-Giemsa staining In some 
cells It contained some blue flakes which appeared to be similar to the material 
included in the macrophage-like cells of the older irradiated rabbit This substance 
was not abundant in any of the human cells, nuclei were not eccentric, and the 
cells did not resemble macrophages as they did in the rabbit 
The epithelial cells resist portmortem changes much better than the Ijmphocytes, 
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for all showed perfect preservation Their nuclei and cytoplasm are so character- 
istic and specific that there was never any difficulty in identifying them Only a 
few of these cells had the nuclear grooves that seemed rather characteristic of the 
rabbit epithelial cells Many nucleoli were seen in the imprints, but in the rabbit 
they were seen only in the sections The nuclei of the human cells are coarser and 
darker than those of the rabbit The cytoplasm shows about the same structureand 
staining reaction in both 

All three types of myelocytes were seen in the human material They were most 
numerous in the fetus and least numerous in the l year old child that died ol 
memngitis Most of the eosinophil myelocytes were of the bone marrow type and 
many had both basophilic and acidophilic granules in the same cell This differ 
ence in staining reaction was also seen in some of the neutrophil myelocytes These 
variations in staining were not seen in the rabbit thymus but were noted in the 
marrow A few human eosinophils had small, dark lymphocytic nuclei There 
were no basophilic granules in these cells Most of the eosinophils of the rabbit 
were of this tvpe 

Some macrophages with lymphocytic nuclei were seen in the thymus of the pre- 
mature infant, and in a stillborn that died hours before birth from toxemia 
Some material that seems to have been phagocytizcd was included in epithelial 
cells of the latter case 

Although the human material was obtained at autopsy done several hours after 
death much of it was sufficiently well preserved to show great similarity between 
the human and rabbit thymus There arc some differences in details, as m the mi- 
nute structure of the epithelial cells, the presence of basophilic granules m mao/ 
of the human eosinophil and neutrophil thymic myelocytes, and the absence roffl 
the human thymus of lymphocytic neutrophil myelocytes similar to the pscu O' 
eosinophils of figures 14 and 15 from the rabbit ^ 

Whether the human thymus also has immature lymphocytes of the as 
typ)e could not be answered from this material There is no explanation or 
absence of mcscnchymatous elements like the one illustrated in figure 7 Stu y ^ 
more favorable material will be necessary to determine whether the human rc 
lum contains less mesenchyme than that of the rabbit, or whether there is 
other reason for its absence from the imprints 


Discussion and Conclusions 


It has been shown that in the normal rabbit the thymus reticulum ^ 

of epithelial elements A small amount of mcscnchymatous tissue is blco ^ 
this epithelial reticulum, but the cells of the two types of reticulum, w 
in cmbryological origin, retain characteristic morphological scctio'’* 

adult rabbit The two typies of reticular cells can be demonstrated in 0 pf 

and imprints This is contrary to the opinion of others who, from the P 
fibers, from cmbryological studies, or tissue cultures of the thymus 
Jolly,'* Hartmann,^ Tschassonikow®®) concluded that the thymus s^^ K, 
include some mcscnchymatous elements, although they could not s 
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histologicil prcpintions The mesench} imtous elements are identical in structure 
and functional potencies to the reticulum of the other lymphoid organs This tissue 
IS not confined exclusiveh to perivascular regions, as Popoff" seems to think it 
IS, although It IS more abundant in these locations, especially in the medulla 
The present stud) has shown that lymphoc) tes and granulocytes may develop 
from the mesench) matous reticulum, although this type of heteroplastic develop- 
ment IS not ^er^ active in the normal thymus and is dilhcult to demonstrate for 
l)mphoc\ tes During active regeneration following irradiation of the thymus of a 
)Oung animal man) examples of the heteroplastic development of lymphocytes 
were seen Some macrophages are also formed from free cells of this tissue 

The epithelium docs not form lymphocytes or granulocytes Some authors who 
believed that th)’^mocytcs (l)mphoc)'tes) were derived from the epithelium prob- 
ably saw transitional stages between the mcscnchymatous reticulum and lympho- 
C)tes This IS cspcciall)' true of Prenant,^® who stated that mitosis in endodennal 
reticulum results in the formation of lymphoblasts with clear nuclei which divide 
and form l)mphocytcs 

Free rounded or irregular-shaped cells are liberated from the epithelium These 
were especially numerous in some of the human material where they retained all 
their specific epithelial characteristics In the irradiated older rabbit some of them 
assumed the form of unicellular HassalTs corpuscles, and others appeared to be 
macrophages which retained some of the nuclear characters of the epithehal cells 
Most students of the thymus problem agree with Rudberg,^® Ssyssojew,*® 
Wituschinski,®^ Marine,®* and others that the epithelium can form macrophages 
which phagocytize degenerating lymphocytes during pathologic involution and 
inflammation of the organ However, Popoff®® ®® and Tschassownikow,®* working 
with transplants and cultures, concluded that dye-storing macrophages arc derived 
from mesenchymatous elements only It does not seem likely that epithelial macro- 
phages which will phagocytize lymphocytes would not also store lithium carmine 
It is generally agreed that the fixed epithelial cells, and the free ones which have 
not transformed to macrophages, will not store the dye 

The thymocytes are true lymphocytes of various sizes and nuclear structure 
corresponding to those of the lymph nodes However, the rabbit thymus contains a 
few large lymphocytes with very immature nuclei (fig 8) which resemble those o 
the rabbit myeloblast and lymphoblast of human lymphatic leukemia Accor ing 
to Sundberg and Downey'*^ these are not present in the rabbit lymph nodes The 
thymus contains only a few transitional stages between mesenchymatous rctic um 
and large lymphoc)T;es These are numerous in l)mph nodes and they are usual y 
large cells, larger than any that occur in the thymus The absence of the largest 
lymphocytes from the thymus, therefore, seems due to reduced heterop astic e 
vclopmcnt of lymphocytes in the normal thymus as compared to lymph nodes 
The small, medium and smaller large lymphocytes are identical to the correspond- 
ing forms of the nodes The smallest lymphocytes with very dark nuclei with 
coarse chromatin blocks and little or no cytoplasm are more numerous ^ 3 
than in node Scanty c)'^toplasm is rather characteristic of the thymus l)mp oc) tes 
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which seems to support the view of Dustin’® that the nuclei are of chief importance 
for the function of the thymocytes 

The thymic lymphocytes of different types can develop to granulocytes, and they 
do this in the normal rabbit and human thymus They also differentiate to plasma 
cells and tissue mast cells There were no basophilic granules in any of the hetero- 
phil or eosinophil myelocytes of the rabbit thymus These dark granules are a 
conspicuous feature of these cells in the rabbit marrow, and they also occur in the 
corresponding cells of the imprints of human thymus, where most of the eosino- 
phils are of the marrow type In the rabbit thymus all the eosinophils seem to 
develop from small and medium lymphocytes with dark nuclei, and their granules 
are acidophilic when they first appear Some of the rabbit granulocytes develop 
from the local mesenchyme (fig lo) and this may be the origin of the marrow t)'pe 
of heterophil and basophil (figs i and 4) Heterophils, like those of figures 14 and 
15, could not be located in the rabbit marrow or the human thymus They arc 
fairly numerous m the rabbit thymus 

Study of regeneration of lymphocytes six days after irradiation of the thymus 0 
a young adult rabbit showed that some of the lymphocytes are derived from the 
local mesenchyme under the capsule and in the medulla The intermediate stages 
in the process could be traced Many lymphocytes seem to enter the organ throug 
the lymph vessels that accompany the larger blood vessels Radiation seems to 
interfere with the development of myelocytes in the thymus, as none was fouo 
in the younger animal and only a few in the older one Irradiation was also m 
sponsible for the production of many macrophage-likc cells in the older anima 
Many of these originated from the epithelium, but some had lymphocytic ouc ^ 
and others resembled the tissue type of marophage The fixed epithelium containc 
some included material that seemed to have been phagocytized This gives somf 
support to those who derive true macrophages from the thymic epithelium ^ 

The development of lymphocytes from mesenchymatous tissue 5 

detected in the older animal This may be because regeneration of lymp 
was not very active in this animal Some tissue mast cells were seen m the t y 
of this animal while in the younger animal the basophils were of the c® 
enous type 

Mesenchymatous reticular cells could not be detected in imprints 0 
thymus Cells of the epithelial reticulum are fairly numerous They ^p 
attached groups or as single round or irregular-shaped cells The nuclei 0 
cells are of similar structure which is characteristic of the epithelial cc > 
the nuclei have a surface groove and most have spherical nucleoli 

All three types of promyelocytes and myelocytes are present m the ^ of 
human thymus They are similar to those of bone marrow with the cxc 
some of the eosinophils which develop from small lymphocytes 

The mature lymphocytes are similar to those of the rabbit, and, ' 1 ^'^ 

the largest l}Tnphocytes of nodes do not seem to occur m the human 
material was not adequate for determining whether the human / 
lymphoblasts or reticular lymphocytes 
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Summary 

Th-\ moc\ tcs irc genuine h mphoc) tes The largest lymphocytes, of lymph nodes 
do not occur in the th) mus, the smallest ones with pacychromatic nuclei and scanty 
cytoplasm arc more numerous in the thy mus Some lymphoblasts similar to myelo- 
blasts occur in the rabbit thy mus 

All three ty pcs of granulocy'tcs develop from ly^mphocytes and to some extent 
from the mcscnchy matous reticulum in the rabbit In the rabbit the heterophil and 
eosinophil granules arc acidophilic when first formed, while in the human thymus 
many have a basophilic quota as in the marrow jThe reticulum is largely of epi- 
thelial origin and retains its epithelial characteristics in cytoplasm and nucleus 
In the rabbit some mcscnchymatous tissue is blended with the reticulum and may 
give origin to lymphocy'tcs and granulocy'tcs The epithelium may form macro- 
phages but docs not dificrentiatc to lymphocy'tes and other types of cells \ln im- 
prints from the rabbit the epithelial cells usually can be distinguished from those 
of the mcscnchymatous reticulum |During regeneration following irradiation the 
latter tissue can be seen to form some lymphocytes locally, other lymphocytes enter 
the organ through the lymph vessels 

Imprints stained with May-Grunwald and Giemsa arc of great value for detailed 
cytology of the thymus and for determining cell relationships Sections of thytaus 
fixed in Helly s fluid, stained with methyl green and pyronin and dehydrated in 
dioxan are excellent for lymphocytes and the transitional stages resulting from 
their development from fixed mesenchymatous tissue during regeneration of the 
organ following exposure to x-rays 

Addendum 

Since this paper was written and sent to the editor an important paper on Pure 
cultures of rabbit thymus epithelium,” by R G Murray, has been published (Am 
J Anat Si 369, 1947) By cutting away the main part of the explant and leaving 
only an epithelial outgrowth, Murray was able to obtain a pure culture o t e 
epithelium It was found that this epithelium grows like that from other soiuccs 
At times It grew like connective tissue, although mesenchymatous tissue cou e 
excluded in this case ‘ Pinocytosis’ and possibly phagocytosis are characteristics 
not common to other epithelia True macrophages, however, were not orme cm 
the thymus epithelium Evidence was not obtained for an epithelial origin o t e 
rather numerous macrophages seen in the early and late cultures 

The thymocytes behaved hke true lymphocytes and some of them eve ope to 

myelocytes with lymphocytic type of nucleus 

In two instances, mitoses of epithelial cells resulted in the omation o one 
daughter cell resembling a thymocyte, while the other one retaine t e epit 
character of the parent cell This is the only evidence obtained from the cultures 

in favor of a possible origin of thymocytes from the epithelium , , . 

In another recent paper, R N Baillif (Anat Rec 100 16, 1948), concludes that 
in the involuting rat thymus, after injections of colloidal chlorazol black E and 
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mercuric sulfide, the epithelium differentiates directly to thymocytes and to 
macrophages which ingest the injected material Most of the new lymphocytes 
produced during regeneration arise through transformation of epithelial cells 
It IS possible that these conclusions can be explained by failure to distinguish 
between the epithelial and mescnchymatous portions of the thymus stroma 
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THE EFFECT OF ENDOCRINOPATHIES ON THE BLOOD 


By William H Daughaday, M D , Robert H Williams, M D , 

AND Geneva A Daland, B S 

W ITH the rapid increase of knowledge of the many functions and interrela- 
tions of the endocrine glands, it is natural that their influences on the 
formed elements of the blood have received extensive study The essential problem 
has been to determine just how much the elements of the blood are under direct 
endocrine regulation and how much they are affected by general metabohe altera- 
tions produced by hormones Attempts to isolate a specific hemopoietic hormone 
or hormones have not been successful Extracts of the anterior pituitary gland have 
been said to aid in the regulation of erythrocyte production^ and certain steroids of 
the adrenal cortex are known to affect lymphoid tissue - In this paper we propose to 
review some of the clinical and experimental evidence pertaining to this subject 
and to present some of our observations in an attempt to evaluate the importance of 
hormones in the regulation of blood production 

i Gonads 

A sex difference in the number of red blood cells and the concentration of hem^ 
globin has been well established for human adults Exact figures vary but a 
authors agree that the values for the male are significantly higher than for t c 
female One authority^ states that the red blood cell count averages 4 8 niilhoo m 
females and 5 4 million in males The concentration of hemoglobin shows a cor 
responding difference This difference cannot be ascribed to blood loss m 
tion because a wide variety of mammals and even birds appear to have a we s 
stantiated sex difference ^ ^ 

A mild anenua occurs after castration in the male hamster,^ rabbit, rat 
chicken * The anemia is usually slightly hypochromic and microcytic ^ 
ministration of androgens, in general, has proved effective in a 

blood cell counts to normal or above normal McCullagh and Jones ^ have ou^^^ 
slight to moderate reduction m erythrocytes and hemoglobin in (-tU 

They showed that treatment with testosterone caused a rise in the re 0^ 
counts and hemoglobin, with cessation of therapy there was a reversa 
changes An increase in the basal metabolic rate seemed to parallel the 
in the blood picture From these data they concluded that the sex difference 
metabolic rate and in erythorcytes might be a related phenomenon 1^1,10 to 
Ovanectomy of rats causes a rise m the red blood cell count and 
nearly the levels maintained by castrated males ® The jjjuials 

to these animals yields values comparable to those of normal count of 

chicken seems to respond somewhat differently in that the red b 0 

3.ri) 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Sen ice 
Cit) Hospital, and the Department of Medicine, Harvard Medical School, Boston, 
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o\ancctomizccl hens is noc signiliLinth chnerent from that m the hen A depres- 
sion or crvthropoicsis follows large doses of estrogens in several species A mod- 
erate to severe anemia has been produced in dogs with both natural and synthetic 
estrogens The depression is not limited to the red cell series but a severe and 
sometimes fatal granulocytopenia or thrombocytopenia will occur on continued 
treatment Monkevs seem to be much more tolerant of similar doses and show only 
a slight anemia ''' Hematologic complications of estrogen therapy in humans 
seems to be rare 

There is not unnersal agreement as to se\ differences in the number of platelets 
A slightly lo\Ncr aacrage platelet count has been reported for women by Pohle 
In 13 normal women it w'as found that a gradual decrease in platelets occurred 
during the fourteen days prior to menstruation yvhich was followed by a rapid 
return to normal or increase after the onset of menstruation Purpura hemorrhagica 
IS found more frequentlj in females and eases of thrombocytopenic purpura have 
been described in w'hich the purpuric episodes recurred only at the time of men- 
struation These observ^ations suggest that platelets are influenced by certain 
female sex hormones or pierhaps by the menstrual toxin described by Smith and 
Smith 


X Thyroid 

Considerable clinical and experimental evidence indicates that the thyroid 
hormone has a definite influence on hematopoiesis An anemia occurs with regu- 
larity in many laboratory animals following complete thyroidectomy The changes 
which occur in the rat*^ and rabbit^® have received the most thorough study 
The characteristic picture is a moderate anemia which is normochromic and 
slightly macrocytic Gastric acidity in the rabbit is unchanged and megaloblasts 
do not occur in the bone marrow A diminished ability to regenerate red cells and 
hemoglobin following a standardized hemorrhage has been demonstrated in 
thyroidectomized rats The defect was corrected by thyroxine, cobalt and testos- 
terone, suggesting that the disturbance in blood regeneration is nonspecific 

Anemia is frequently observed in patients with myxedema Emery attributed 
the first definite description of this feature of hypothyroidism to Charcot in 1881 
This was seven years after Gull s original paper describing the disease The report 
of the London Clinical Society on myxedema in 1888 added that allied with the 
fall in body temperature are changes in the blood There is not only anemia due to 
loss of corpuscles, but the relative proportions of these constituents are also al- 
tered Following these early observations, many other authors have confirmed 
3 nd extended knowledge of this anemia The importance of the recognition of this 
Cause of anemia was emphasized in 192.1 by Dr Minot-® in a clinic at which he pre 
sented two curable cases of anemia The changes in the blood were summarized 
and the beneficial effects of treatment were described In commenting on the 
etiology of the anemia he said The anemia in this case was apparently dependent 
upon a decreased formation of blood This decreased activity of the marrow is 

^Onc patient has been found to have repeated attacks of agranulocjric angina manifested on the 
first da) of the menstral cy clc ®r 
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entirely consistent with the diminished activity of the other functions of the 
body ” 

Stern and Altschule^'* have described the blood changes in human beings under 
conditions which approach in simplicity the animal experiments referred to above 
Their patients were subjected to total thyroidectomy for the relief of angina pec- 
toris or congestive heart failure An anemia of some degree was common and the 
onset of anemia seemed to coincide with the drop in the basal metabolic rate 
There was a slight increase in mean cell volume and in color index Some decrease 
in white blood cell counts occurred, but the differential counts remained un 
changed 

Anemia in spontaneous myxedema has been found by Bomford^^ to be of three 
types A slightly macrocytic variety of moderate seventy commonly occurs 
Siimlar to the anemia following thryoidcctomy, it is characterized by a slight 
macrocytosis and increase in color index It differs from pernicious anemia in that 
there is little poikilocytosis or anisocytosis of the erythrocytes and the bone 
marrow is hypoactive Gastric function may or may not be normal No rcticulo- 
C)te response follows treatment with liver or iron, but the anemia slowly disap- 
pears on prolonged treatment with desiccated thyroid 

Some cases of myxedema may be associated with a hypochromic anemia of vary- 
ing degree Splenomegaly, a smooth tongue and changes in the nails arc sometimes 
observed The blood smear resembles iron-lack anemia with the exception that the 
cells tend to be larger Achlorhydria is common but not invariable A reticulocyte 
response to iron occurs, but complete recovery depends on both iron and thyroid 

Quite rarely Addisonian macrocytic anemia may be a complication of hypo* 
thyroidism In such patients the signs and symptoms of pernicious anemia and com 
bined system disease may be superimposed on the features of myxedema The b oo 
resembles pernicious anemia except that the color index may be even higher an 
the cells larger Maximum improvement dcpicnds upon combined liver and t yro 
treatment 


Bomford has concluded that the simple macrocytic type is the result of a cere 
in size of the erythron as a physiologic compensation for the diminished nee 
the tissues for oxygen The bone marrow undergoes hypoplasia, with shrin 
Its total volume A marked reticulocytosis following treatment is not to 
pected as compared to the anemias due to a maturation arrest The slow ret 
the peripheral blood to normal values was explained by the gradual 
activity and cellularity in the bone marrow The other two types of 
to deficiencies of iron and liver extract factor apparently dependent on 


gastrointestinal function Ajistal^'^'’ 

The simple slightly macrocytic anemia of myxedema occasionally 
for pernicious anemia However, little variation in size and shape ot t c^^^ 
occurs in myxedema and the multilobed polymorphonuclear of 

marrow changes associated with permcious aneima are absent -plic 
normal gastric juice occurs in about one half of the cases of myxc c in 

metabolic rate is of considerable aid in diagnosis because it is 
pernicious anemia A yellow color of the skin may be common to 
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this pigment is bilirubin in pernicious anemia and excess carotene in myxedema 
The most important differential point, however, is the presence or absence of an 
adequate rcticuloc) tc response to liver extract therapy 
The frequency of anemia in spontaneous m) xedema has been reported by Lcrman 
and Means Sixty per cent of 51 patients with myxedema had red blood cell 
counts of less than four million and 5L per cent had hemoglobin concentrations 
which were Ic s than 70 per cent Achlorhydria occurred in 53 per cent and was 
more frequently associated with anemia than was normal gastric acidity These 
authors ascribed considerable ctiologic importance to these changes in gastric 
secretion The coexistence of myxedema and pernicious anemia seems to be more 
common than could be accounted for on the basis of probability Means, Lerman 
and Castle-' haae described 5 such cases responding to liver extract 
Testosterone has been used in the treatment of anemia in myxedema by Glass 
He reported the case of a 71 year old man with the classic features of myxedema 
The red blood cell count was 2. S with a color index of i i Liver and iron had been 
given in adequate doses without increasing the number of erythrocytes Four 
months of therapy with desiccated thyroid failed to correct the anemia On the 
addition of testosterone and methyl testosterone to the therapeutic regime, the 
erythropoietic response was prompt and blood counts returned to normal in the 
course of a few months An adequate hematologic response to desiccated thyroid 
might have eventually occurred in this patient, but the stimulating effect of testos- 
terone on crythropoiesis cited above and the observed low excretion of 17-keto- 
stcroids in myxedema provide a rational basis for such therapy We have employed 
the combination of testosterone and desiccated thyroid in myxedema with apparent 
acceleration of blood regeneration, as illustrated by the following case 


Norrrccyttc, sh^btly hy^ozhromte anemia associated with myxedema with restoration of normal blood values after 
treatment with desiccated thyroid^ testosterone propionate and ferrous sulfate 

Cases M V , a housewife, aged 47, of Irish parentage entered the Boston City Hospital in May 1^3 
coiDplaining of weakness which appeared at the birth of her last child five years previously The a y 
had been born at full term and the delivery was uncomplicated Lactation was normal and menstrual 
periods returned at normal intervals follotsing the cessation of lactation She did note, however, in 
creased fatigue and weakness Somnolence and lethargy became troublesome For one ) ear she ha notice 
thmning of her hair and dryness of her skin Bowel movements had continued to be regular There had 
been no shortness of breath, numbness or tingling of the extremities, and no soreness of the tongue 
On physical examination the patient was a pale, somewhat poorly developed mi le^e cma e i 

no distress The skin was cool and dr) and the fingernails were brittle and spoon shape c air 

scalp was thin and dry and the axillary and pubic hair was sparse The tongue was P® 

normal papillae The blood pressure was loi mm of Hg systolic and 75 diastolic and the pulse was 94 
The heart and lungs were not abnormal The liver and spleen could not be palpated No a norma neuro 
logic signs w ere noted , , ,, 

Laboratory examinations showed the following Repeated urinalysis emonstratc on ) s 
^ount of albumin on occasions without other abnormality The serum cholesterol was found to be 104 
*ng per ico cc The prothrombin concentration was 50 per cent of normal Carotenoi s were 
strated m the <^0111111 by a prcsurapu^c test The basal metabolic rate —36 per cent n insu i 
ance test using x 5 units of insulin, intra\ enousl) , did not rc\eal sensitnin or htpog yccmic unr«po 
snencss A water test” and a sodium deprivation test” were normal, suggesting normal adrena 
function The sella turcica was normal b) x-ray 

Examination of the blood showed a red cell count of x 9S million, and the hemoglobin concentration 
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was 48 per cent * The white blood cell count wras 7,100 and the di/Tcrential count showed the following, 
polymorphonuclear neutrophils 64 per cent, band forms 6 per cent, eosinophils i 5 per cent, basophils 
o 5 per cent, small lymphocytes 15 per cent, large lymphocytes 3 5 per cent, monocy tes 7 5 per cent and 
myelocytes 1 o per cent The platelets appeared normal 

The patient was guen a diet of about 1,500 calorics supplemented with \itamios in the form of 
Vegex , 90 cc per day, 1 5 mg of thnmin, 50 mg of ascorbic acid and 50 mg of nicotinic acid a day 
Desiccated thyroid was begun soon after entry in a dose of 31 mg and was later increased to 96 mg 
Ferrous sulfate was administered in a daily dose of o 9 Gm for a week Two cc of purified liver extract 
(Lilly) containing 30 USP units was given in a single dose by intramuscular injection Five cc of crude 
liver extract (Wilson) was administered intramuscularly daily for five days No significant increase in 
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rcticulocy tes was observed following any of the above therapies The time relations ot 
medications and the hematologic response arc shown in figure i mdh^'' 

At the time of the patient s discharge from the hospital, the red blood cell count was ^ ^ ,^cll 
the hemoglobin concentration was 56 per cent She had noted improvement in strength an g=^ 
being The basal metabolic rate had risen to-i8 per cent She was followed at mterva s 
patient clinic From September 13 to October %y, 1945 she received a total of about she was 

testosterone in daily doses of 10-50 mg without improvement in her blood In present 3 “’^ 

readmitted for more intensive treatment At this time it was noted that axillary hair was^^^^ (jlcediag*’ 
that the spoon-shaped deformity of the nails was absent The possibility of gastromtest Coroccoh 
a cause for her refractory anemia was investigated Repeated stool examinations vverc nc ^fgucro’'’ 

bicjod The basal mcrabolic rate was plus lo per cent In addition to desic cate t ^ — — ^ 

cc foralldeterminat'O^^”’'' 


* One hundred per cent hemoglobin is equivalent to 15 6 Gm per 100 
this laboratory 
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propionate was administered three times a weeh in a dose of 2.5 mg b) intramuscular in)cction Ferrous 
sulfate, o 75 Gm per da\ , w as gi\cn for the last two wecLs of her hospital sta) A progressive improve- 
ment of red blood cell count from 3 9 to 4 7 million occurred and the hemoglobin concentration increased 
from 65 per cent to 75 per cent Tlie same therapv was continued after discharge from the hospital and 
examination of the blood on Januarv 18, 1944 showed normal values 

Comment This woirnn noted the onset of symptoms of hypometabolism follow- 
ing deliver) However, there was no abnormal bleeding or shock and the history 
of normal lactation and the reappearance of regular menstrual cycles indicates that 
if postpartum necrosis of the pituitary was the cause of her hypothyroidism, there 
was no /i^rwhypopituitarism However, the laboratory data are consistent with 
primary thyroid m)’'\edcma She presented a moderately severe normocytic, hypo- 
chromic anemia which did not respond to therapy with vitamins, liver extract and 
iron The hemoglobin had risen slightly after five months of treatment with desic- 
cated thyroid The addition of testosterone propionate by intramuscular injection 
seemed to accelerate blood regeneration The combination of iron, testosterone 
propionate and thyroid proved effective in restoring the blood to normal 

The changes in the blood in hyperthyroidism have received much study The 
early clinicians believed that anemia was an important feature of the disease and in 
particular emphasized the association of h)^rthyroidism with so-called chloro- 
sis ’ With improvement in methods for counting red blood cells and estimating 
hemoglobin and the systematic application of these methods to large groups of 
patients, it became apparent that some of the features of thyrotoxicosis which had 
suggested anemia had been misinterpreted In the first comprehensive study of the 
blood m this disease by Kocher,^* the red blood cell count was generally normal 
and sometimes even above the levels then accepted as normal Subsequent work by 
many authors has sustained this finding 

Changes which occur in the white cells have given rise to a great deal of study 
and speculation After examining the blood of 106 patients with thyrotoxicosis, 
Kocher®^ described in 1908 what he believed to be the pathognomonic blood pic 
ture in this disease He emphasized the following features a tendency toward 
leukopenia with a reduction mainly of polymorphonuclear neutrophils, both a 
relative and absolute increase in lymphocytes, a moderate increase in eosinophi ic 
leukocytes The changes in the white blood cells were claimed to be a reliable index 
of prognosis and the return to normal was believed to be a valuable indication of 
successful treatment ^ 

Most subsequent investigators have been unable to confirm the significance o 
many of the features of the Kocher blood picture Leukopenia was found to be 
usually slight and frequently absent In general most of the reports have con&med 
the tendency toward lymphocytosis, but the diagnostic usefulness o this c ange 
■was lost when many other causes of lymphocytosis were recognized 

Recently Bistrom^^ has carefully reinvestigated this problem He made a com- 
parative study of the morphology of the peripheral blood and bone marroxv in 
patients with nontoxic goiters, toxic goiters and m control subjects admitted to 
the hospital for minor surgical procedures The peripheral blood and bone marroxx 
of patients with nontoxic goiters did not differ significant!) from the contro group 
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In the group with thyrotoxicosis there were 33 patients A moderate reduction 11 
red cells and hemoglobin occurred in 10 The white blood cell counts were low oj 
normal and a relative granulocytopenia and lymphocytosis were found on smear 
The lymphocytic infiltration of the thyroid gland which was examined after surgi- 
cal extirpation was correlated with the degree of lymphocytosis Only minor 
changes suggesting greater immaturity of the predominant cells were found m 
aspirations of sternal marrow 

Treatment with iodine was followed by a return toward a more normal dif- 
ferential white blood cell count, but the three groups responded to an operation 
with about the same changes in the blood The author concluded that the changes 
occurring in thyrotoxicosis were slight and inconstant and could not be of aid 
in diagnosis or in estimating prognosis Other recent reports agree with this 
thesis 

Probably associated with the lymphocytosis which may occur in thyrotoxicosis 
IS the hyperplasia of lymphoid organs which occasionally is present A generalized 
enlargement of the lymph nodes and spleen and a persistence of the thymus have 
been described 

The changes which occur in lymphocytes and lymphoid tissues have received 
many interpretations It has been attributed to a constitutional abnormality not 
directly due to the thyroid A direct stimulating effect of the thyroid hormone 
on lymphoid tissue has been suggested Mcnkin®^ believed that the relative 
lymphocytosis in cases of exophthalmic goiter was due to sympathetic stimulation 
of lymphoid structures, particularly the spleen 

All authors do not agree that the lymphocytes are significantly increased 
and Lcrman,*® using supravital staining technics, concluded that the most mar e 
and characteristic finding in the blood of patients with exophthalmic goiter was 
relative and absolute monocytosis The lymphocytes were found to be norma 
absolute numbers The discrepancy of their observations as compared with 
findings of others was attributed to the greater accuracy of the staining tec 
that they used , 

In recent years the influence of adrenal hormones on lymphocytes and lymp 
tissue has been emphasized (vide infra) It is now evident that certain * 
steroids oxygenated on the eleventh carbon atom cause a decrease in the num 
circulating lymphocytes and a decrease in size of the thymus and lymp 
Sclye^® has described an apparent antagonism between the thyroid horfflo 
adrenal hormones in controlling the size of the thymus No significant cck 
the weight of the thymus of rats occurred after thyroidectomy, suggesting 
hormone is not requisite for the persistence of the thymus However the 1 ^ 
of stress in such rats by means of formaldehyde injections was followed by 
and often fatal alarm reaction The involution of lymphatic organs an^ 
was much more marked than in intact animals It appears, therefore, t a^ 
which have been thyroidectomized are greatly sensitized to the action 
hormones 

From these observations it would seem reasonable to suppose 
cytosis and persistence of thymus which has been described 


that the l>njp^^ 
in thyrotov'^'^ 
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might be the expression of a relative deficiency of adrenal steroids Some evidence 
that such a deficiency exists has been obtained in this laboratory Despite the 
severe stress imposed on patients with thyrotoxicosis, the excretion of cortin’ as 
measured by a chemical method is frequently markedly subnormal This observa- 
tion has been interpreted tentatively as indicative of increased breakdown of 
hormone, although more studies are necessary to establish this as a fact 

3 The Adrenal Cortex 

Great advances have been made in the understanding of the physiology and 
chemistry of the adrenal cortex The adrenal secretes several substances which have 
unrelated and even antagonistic actions One of the most interestmg phases of 
adrenal physiology has been the demonstration of the influence of the adrenal on 
lymphocytes and the release of antibodies 

In all laboratory animals adrenalectomy results in death after a short period if 
replacement of salt and/or hormones is not provided Adrenalectomized rats show 
an increase in polymorphonuclear leukocytes and lymphocytes about twenty-four 
hours before death An increase in the weight of the thymus and systemic lymph 
nodes has been reported in adrenalectomized rats mamtained in good condition by 
means of the addition of sodium chloride to their drinking water In cats sur- 
viving a relatively long time after operation there is a decrease in polymorpho- 
nuclear cells and an increase in lymphocytes Increases which have been reported 
in the red blood cell count and hemoglobin concentration are indications of the 
disturbed electrolyte and fluid metabolism which causes marked hcmoconcentra- 
tion If adrenalectomized cats and dogs arc maintained in fair general condition 
by several different methods of treatment, the peripheral blood is essentially 
normal 

Adrenal insuffiaency in human beings produces changes similar to those in ex- 
perimental animals During an adrenal crisis there is usually a slight increase in red 
blood cell coimt and hemoglobin and a relative lymphocytosis Restoration of 
normal blood volume by the use of desoxycorticosterone and saline solution fre- 
quently reveals a mild underlying anemia A relative lymphocytosis may persist 
even after treatment 

Polycythemia has been a frequent, but not a constant, finding in Cushing s 
syndrome Approximately one-half of the well authenticated cases have 
shown an elevation of the red blood cell count Gunther^® has collected data ^7 
patients with hypcradrenalcorticism with red counts in excess of six milhon The 
abnormality is usually mild and associated mainly with rapid progress of the 
disease In itself it does not seem to produce the complications which are obsen^ed 
in polycythemia vera Many patients with Cushing s syndrome are suspected ot 
having polycythemia in whom subsequent blood counts fail to confirm tec mica 
impression A plethoric appearance of the cheeks is common and is due to atroph} 
and stretching of the skin which permits the transmission of the color of the under- 
l}ing venous plexuses Combined with the marked deposition of fat about the ace 
and neck, the red cheeks constitute the pathognomonic facies described b} Cushing 
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White and Dougherty- have studied the effects of adrcnotrophic hormone and 
adrenal cortical steroids on red cells and hemoglobin A single injection of either 
substance will cause a transitory increase in the red blood cell count, followed by a 
decrease to lower than pretreatment levels The continued injection of adreno 
trophic hormone resulted in a significant increase in red blood cell count and 
hemoglobin The authors concluded that ‘it is possible that repeated hormone 
injection eventually leads to a stimulated production of red cells in an effort to 
compensate for the diminution of erythrocyte count produced by a single dose of 
hormone ’ 

In a number of experimental conditions the size of .the thymus varies inversely 
with the activity of the adrenal cortex This has been most clearly demonstrated in 
the response of an animal to stress Sclye^® has introduced the concept of the 
alarm ’ reaction as a phase in the general adaptation of the body to harmful 
stimuli An increase in the size and activity of the adrenal cortex is a fundamental 
element in this process One of the most striking and constant changes is the invo- 
lution of the lymphatic organs The loss of weight is most marked and rapid in the 
thymus Here the characteristic cells of the parenchyma, the thymocytes, 
actually disintegrate and twenty-four hours after the onset of a severe alarm re- 
action only the debris of their chromatin is left lying partly free in the retiuluni, 
partly in phagocytes which are engaged in removing it The lymph nodes also 
show signs of involution but without any noticeable hyperplasia of the reticulum 
The involution in them usually begins in the germ centers which may disappear 
almost completely ’ That the involution of the thymus is secondary to the adrena 
cortical activity seems probable because no change occurs in adrcnalcctoffliK 
animals The injection of certain adrenal steroids into intact animals or adrena 
Icctomized animals, and the injection of adrcnocorticotrophic hormone into mtac 
or hypophyscctomized, but not adrenalectomized, animals, will reproduce simi a 
changes in lymphoid tissue and thymus 

Dougherty and White- have confirmed and extended these observations by 
porting a remarkable decrease in the circulating lymphocytes after the 
adrcnocorticotrophic hormone or cortical steroids into the mouse, rat, rab ^ 
dog This phenomenon has been termed ' lympholysis ’ ’ Lympholysis m the 
IS particularly striking Within an hour after the injection of 
phic hormone there occurs a definite fall in the circulating lymphocytes w 
reaches a maximum in six to nine hours Recovery to normal takes place ^ 
twenty-four hours Probably considerable variation in sensitivity of lymp 
to lysis exists because in our laboratory®^ rats of the Spraguc-Dawlcy 
shown httle lymphopenia after injection of aqueous adrenal cortical of 

Minor changes in chemical structure have been shown to modify (jemo” 
various adrenal steroids on lymphocytes ii-Desoxycorticostcronc has L jro-i? 
strated to be without effect 2 On the other hand Compound E 
hydroxy corticosterone) and other active steroids with an oxygen on t c 
carbon atom possess this property , 

The destruction of lymphoid tissue is believed to be the source of t c 1 
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serum beta and gamma globulins which follows in)ections of active hormones of 
the adrenal cortex Direct analysis of lysed lymphoid tissue washed free of all blood 
serum has demonstrated proteins which are indistinguishable from serum beta and 
gamma globulins In immunized animals the lymphocyte contains antibodies 
which are liberated into the blood stream by the process of lympholysis Dough- 
erty and White^^ believed that the above mechanism is the explanation for the 
anamnestic reaction which occurs in acute infection 

The effect of adrenal steroids on the lymphocytes of human beings has not been 
reported in any detail Dougherty and White- reported observations on several 
patients with lymphocytic leukemia and also in control subjects A suggestive 
drop in the lymphocytes was observed in some of the patients Forsham et al 
observed the effects induced by synthetic ii-dehydrocorticosterone acetate on the 
lymphocytes In thirteen experiments on patients with Addison s disease xo-6o 
mg of the compound were given as a daily dose No significant decrease in the 
lymphocytes was found It was noted, however, that there was an increase in 
urinary uric acid excretion in comparison to creatinine These data seem to suggest 
that a tissue rich in nucleoproteins was being broken down and it is therefore 
possible that there was significant ‘lympholysis” which was not manifest in the 
circulating blood Perera at al have used the same compound and found an in- 
constant decrease in the lymphocytes following administration to human beings 
Recently Thorn s collaborators®” have presented interesting observations on the 
effect of adrenocorticotropic hormone on the blood picture of man In normal sub- 
jects four hours after the administration of ^5 mg of adrenocorticotropic hormone 
by intramuscular injection there was a 90 per cent increase in the absolute number 
of polymorphonuclear neutrophils, a 40 per cent decrease in lymphocytes and a 78 
per cent decrease in eosinophils Similar changes did not occur in patients with 
Addison s disease However the administration of zo mg of 17-hydroxycorticos- 
terone to such patients caused an increase of 1x9 per cent in the absolute number of 
polymorphonuclear neutrophils, a decrease of 53 per cent in the lymphocytes and a 
decrease of 76 per cent in the eosinophils 

In our experience little change in the relative or absolute number of lymphocytes 
follows the adnunistration of adrenal cortical extract in doses of from 10 to 50 cc 
to patients with adrenal insufficiency Figure x shows the results which we have 
obtained on treating a patient with hypopitmtarism for nine days Both a rena 
cortical extract (Upjohn) and lipoadrenal cortical extract (Upjohn) were given in 
doses which are in excess of those required to maintain patients with Ad ison s 
disease 

Because of the apparent failure of moderate doses of adrenal cortical 
alter the blood picture, larger doses were administered A patient with hjpo- 
pituitarism secondary to a chromophobe adenoma was selected Immunization 
against heat-killed typhoid bacilli was achieved by three injections of o i cc ot a 
standard vaccine * It is interesting that despite the small size of the immunizing 

* This material tNas ter) k.ndh supplied bt the Department of Public Health, Antitovin and Vaccine 
Laboratory , of the Commonwealth of Massachusetts 
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Other mechanisms of regulation of lymphocytes than pituitary-adrenal control 
must e\ist This is evident from the study of adrenalectoraized rats maintained on 
salt Crafts'" found that such animals maintained a normal white count and 
differential count Dc La Baize, Reifenstein and Albright'”' reviewed their extensive 
experience avith adrenal disorders in man and could not establish a significant in- 
crease in the absolute number of lymphocytes in patients with Addison s disease, 
although the relative number of lymphocytes was increased 


EFFECT OF ADRENAL CORTICAL EXTRACT ON 
LYMPHOCYTES AND ANTIBODIES 



4 The Pituitary Gland 

Discussion of the possible mechanisms by which this gland alters hematopoiesis 
has been reserved until last It is well known that the anterior lobe of the pituitaiX' 
gland controls the activity of the other endocrine glands and it could thcreb} aid 
in the regulation of formed elements in the blood It is, therefore, evident that the 
anemia which is often observed following destruction of the anterior pituitan is a 
complicated phenomenon 

An anemia following h}’poph} sectomy was first noted b} Aschner in ogs in 
1912. Later it was determined that rabbits®" and rats respond to the operation in 
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a Similar manner Destruction of the pituitary in man frequently results in a mod- 
erate anemia 

The decrease in the red blood cell count and hemoglobin which occurs in the 
hypophysectomized rat, has received the most intensive study In 1935 Stewart, 
Creep and Meyer®'* noted that hypophysectomized rats were anemic and that there 
was a decrease in the number of reticulocytes A rise in reticulocytes occurred in 
normal rats exposed to reduced oxygen tension, but not in hypophysectomized 
ones Increases in the red blood cell count and hemoglobin of the hypophysecto- 
mized rats occurred only if the stimulus of low oxygen tension was applied soon 
after operation The reticulocyte response following substitition therapy paren- 
tcrally has proved an unreliable criterion because reticulocytosis has been produced 
by many hormonal and nonhormonal agents In general, reticulocytosis has been 
unaccompanied by improvement in red blood cell count and hemoglobin concentra- 
tion The conclusion was reached that the alterations in the blood following h}'po- 
physcctomy were due to general disturbances in metabolism rather than the absence 
of a specific hematopoietic hormone 

On the other hand, the existence of a specific pituitary hormone which stimu- 
lates blood formation has been postulated by Moehlig and Bates ®® The polyc)- 
themia of Cushing s disease was attributed to an excessive production of this factor 

On the basis of the response of hypophysectomized rats to oral administration 
of preparations of anterior pituitary, Flaks, Himmel and Zlotmk* postulated 
the existence of an erythrogenic hormone They claimed that the anemia of hypo* 
physcctomizcd rats was repaired and that polycythemia was produced by their 
hormone preparation in intact animals It is difficult to accept this claim because 
of the impotency of known pituitary hormones when administered orally 

Beneficial effects on the anemia of hypophysectomized rats have followed treat 
ment with several hormones, pituitary as well as non-pitmtary Vollmer an 
don®® and Vollmer, Gordon and Charippcr ®® found that testosterone propmo 
increased the red blood cell count of hypophysectomized male and female rats^ 
Estradiol, on the other hand, seemed to intensify the anemia Pregnant 
serum raised the red blood cell count of hypophysectomized male rats, but 
the counts in hypophysectomized female rats Thyroxine plus testosterone 
erately effective Prolactin seemed to be inactive Desoxycorticosterone pro u 
no defimte effect on the bone marrow jo jj jn 

Various types of replacement therapy have been investigated by Crafts^ 
hypophysectomized female rats the anemia was found to be microcytic an 
chromic and accompanied by hypoplastic changes in the bone marrow Eon 
plus copper delayed slightly the onset of anemia Injection of o 01 mg in 

daily maintained a normal erythrocyte count, but did not prevent a of 

hemoglobin concentration Histologic examination revealed greater ce 
the bone marrow and decreased infiltration by fat cells This was coppe*' 

indication of increased activity The combination of thyroxine, iron j^dno- 

maintained a normal red cell count and seemed to increase the amou jjjpo- 

globin H}q)Ophysectomized adult male rats developed a severe 
chromic anemia with hypoplastic changes in the bone marrow 
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therapy prevented the decrease in the red blood cell count and restored the bone 
marrow to normal cellulanty Microcytosis and hypochromia were only partially 
corrected Because the anemia following castration was much less marked than that 
following hypophysectomy, the author believed that the anemia in the latter 
condition was not a manifestation of decreased androgens, although androgens 
proved partially effective in preventing the experimentally induced anemia 

An anemia following destruction of the anterior lobe of the pituitary in man has 
been long recognized as a significant feature of the clinical syndrome called Sim- 
monds’ disease Silver'- reviewed the literature in 1933 and observed that anemia is 
a constant finding The hemoglobin averages 50 per cent, with a color index which 
is usually less than one Leukopenia is common and an eosinophilia reaching 2.1. 
per cent may occur 

Snapper, Groen, Hunter and Witts described 6 cases which they believed pre- 
sented evidences of pituitary or gonadal deficiency plus an anemia Case x of their 
series was a woman with pituitary necrosis following hemorrhage and shock at 
the time of delivery A macrocytic anemia of 3 x million red blood cells was 
present Case 3 was a patient with hypopituitarism secondary to a chromophobe 
adenoma There was a moderately severe macrocytic anemia, accompanied by 
gastric achylia and evidence of combined system disease In the other cases hypo- 
gonadism was probably primary The importance of achlorhydria and defective 
absorption was stressed as the immediate cause of anemia leading to deficiency of 
cither iron or the hemopoietic principle of liver extract Witts’^ later described two 
additional cases which he considered to be examples of hypopituitarism and which 
were associated with a macrocytic anemia responding to liver He concluded The 
association of pernicious anemia with hyperthyroidism, with pregnancy and with 
pituitary disease, suggests that there is a hormonal clement or mechanism which 
can lead to the degeneration of the cells which secrete intrinsic factor We may 
consider the association of pernicious anemia with hypopituitarism as another 
example of the precocious senile changes to which the patient with pituitary dis- 
ease IS liable ” 

The effect of testosterone propionate on the anemia of hypopituitarism has been 
the subject of a recent report Two cases of hypopituitarism with anemia are 
described that responded to the combined administration of testosterone and liver 
In one patient at least it is evident that no response occurred with liver extrimt 
alone It was suggested that testosterone enabled the bone marro\% to utilize t c 
hematinic principle, which it previously had been unable to do r , , 

Escamilla et al have reviewed loi cases of Simmonds disease, vcri c } post 
mortem examination Among this group the hemoglobin ranged from io_ per cent 
to 40 per cent, with an average of 65 per cent Red blood cell counts range 5 

to X o, averaging 3 7 million Eosinophilia was commonl} obser% e , it ^ per 
cent as the average figure jut 

Sheehan has emphasized the importance of serious hemorr age an ^ 

the time of deliver)^ as an ctiologic factor producing necrosis of the anterior Jo^ ot 
the pituitarj The lesion is a thrombotic infarction of aariable extent, %shich later 
maj reduce the anterior lobe to a nubbin of fibrous tissue This group 0 
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particularly valuable for an understanding of the anemia in Simmonds’ disease 
because the time of onset can be fixed with some certainty and it occurs in young 
adult females who may live with hypopituitarism for many years Quite fre- 
quently the blood deficit of the precipitating hemorrhage is incompletely restored 
However, for the first five years it is not uncommon for these patients to maintain 
relatively normal red blood cell counts, but with a rather low hemoglobin concen- 
tration During the second five year period there is a definite tendency for the red 
blood cell count to decrease to between 3 and 4 million, with some increase in the 
color index The blood frequently remains at this level indefinitely Occasionally 
there is a further decrease in the red blood cell count to a level of from a to 3 
million with a color index of o 95 to i 15 These cases showing a severe anemia 
and a tendency toward macrocytosis seem to occur in patients with more profound 
evidences of deficient thyroid function and may be indistinguishable clinically 
from thyroid myxedema Leukocytes usually number between 4 to 6 thousand, 
although leukopenia is common The smear characteristically shows a relative 
lymphocytosis with a moderate eosinophilia in about two thirds of the cases 
The results ol therapy on the blood in hypopituitarism have received scant 
attention in the literature The use of anterior pituitary'’ hormones is the rationa 
approach to the problem, but has not proved successful Extracts of the pituitary 
of high potency and purity have not been available Because of their protein 
nature, pituitary extracts rapidly lose their effectiveness because of the develop- 
ment of antihormones Also allergic manifestations, such as urticaria and oca 
pain are common Because of these disadvantages it has been more practical to use 
the hormones of the atrophic end-organ” glands The combination 0 
desiccated thyroid, desoxycorticosterone acetate and testosterone has provl e 


reasonably satisfactory method of treatment 

In this clinic the above therapy has been used with various modifications 
the treatment of Simmonds’ disease Marked relief from many of the disa 1 
symptoms of this disease has been obtained, but improvement in the bloo 
has been inconstant The following case (case x) is reported in detail because 
patient had been under observation for a period of nine years and 
period adequate trial with many therapeutic agents failed to correct 
Case 3 IS reported to show that improvement in the blood may follow 0 
treatment without the addition of liver or iron Hematologic data on n ^ 
with hypopituitarism observed during the past six years are presented m 

Puuttary fibrosis of unknown etsology asso sated with a moderately severe normoyttc and normse 
wbtcb fail ed to respond t o liver, iron and hormone therapy , f 

Case 2 F S (Details of this case have been reported elsewhere A white housewi and 

parentage, aged 38, entered the Boston City Hospital October 18, 1934 coraplainmg^o^ 

\oniiting Following an attack of influenza two years prior to entry, she had been to gheton 


\oniiting Following an attack of influenza two years prior to 
anemia and lots blood pressure Recovery from this illness w as 


entry, sne nau 

protracted and bed 


tinned to suffer from asthenia, fatigabilit) , drow siness and anorev la A local physici p compb’”'* 
raw In er w hich she took for a period of about six months without impros emeot in anj bjJ 

She sought hospital care after two weeks of nausea and tomiung Her past history rc\^^ ^^otttiti s^®' 
gnen birth to a normal child about ten years presious to entry A opef^uofl 

ume after delis ery for pelvic peritonitis Unfortunately details of the delivery a 


available 
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On phjsical examination she appeared to be an underde\ eloped and poorlv nourished woman The 
skin as as pale, smooth and had a aelloasish, a\a\y texture The tongue had normal papillae The blood 
pressure was 92. mm of Hg sastohe and 6S diastolic A mass interpreted as the liver edge avas felt on 

Table i — Hematologic Observations m Hypofitnitarism 
All cases presented clinical and laboratorj eandence indicaung deficienc) of two or more of 
the folloaaing hormones gonadotropic, th)rotropic, adrcnotropic and groaath hormone 
Part I Postpartum Necrosis of the Pituitary 


Case 

Duration of Dis 
case, Years 

u 

tfi 

< 

Date 

E 

0 

w 

n 

►C § 

1 

Erythrocytes 

X 10*/mm’ 

% Reticulocytes 

B 

s 

u 

>§ 

CJ ‘- 

1 

U tft 

e ^ 
e 

to 

Wb 

2 

ss 

u 

C 

0 

u 

u 

S 

Leukocytes 

X 10*'mm’ 

Total Granulo- 
cytes % 

Eosinophils, % 

Lymphocytes % 

Monocytes 

T R 

3 

XI 

4/L9/46 

68 

1 

3 6 

0 8 

90 

2-9 

33 

8 6 

69 

3 

1 

10 




Giacn desiccated tharoid 96 m 

g/day 

One pellet (ix8 mgj DOCA im 




planted 

Testosterone 

propionate Z) mg intramuscularl) dad) for 17 




days 















6/18/46 

70 1 

4 1 1 

3 8| 

87 1 

2-7 1 

32 1 

1 4 8 1 


1 

1 





Desiccated tharoid conunued 

10 mg 

of me 

ch)l testosterone dail) for one 




month 

Stdbestrol 0 4 

mg dady for the 

next 

month Later gia 

en 3 




courses 

of Dienestrol for zi 

days folloaved b) 

Progestoral forfiae 




da) s 















4/15A7 

83 

4 6 


88 

z8 

32- 

1 8 0 




1 

C R 

4 

13 

x/z 8/47 

87 

4 5 

0 8 

93 

32 

33 

6 I 

54 

0 

33 

23 

A N 

IX 

39 

11/ 9 / 4 X 

6 i* 

z 8* 





8 9* 

75 * 

I* 

15 * 

0* 

H ON 

14 

4 ^ 

5/1-8/41 

71 

3 5 

0 X 

87 

32- 

37 

X I 

72- 5 

X 

xo 

7 5 




1/17/4^ 

55 

2- 5 

X 0 

III 

34 

32 

3 0 

6z 5 

° 5 

2-9 5 

8 

M T 

xo 

61 

9/ 5/45 

55 

3 3 

I 0 

89 

2-5 

2-9 

3 2 

37 5 

3 

37 5 

34 5 




9/ 6/43 

34 

3 1 

I 0 

92- 

2-7 

30 1 

3 4 








Desiccated th) roid 

64 ® 

g/da) 

Three pellets (each 75 wgj ot testo 




sterone impl 

anted 













9/2-5/45 

52- 

IllJ 

1 o| 

94 1 

x6 1 

2-7 1 

3 6 i 

1 


1 

— 


Clinical Abstract T R , F, Sea ere postpartum hemorrhage, shock (1943) Failure of lacta- 
tion, fatigue and sjmptoms of hj pometabohsm FSH absent 17-KS 44 C R , F Sea ere post 
partum hemorrhage and shock C1943) Failure of lactauon Amenorrhea for l > ears 
infrequent menses Symptoms of ha pometabo'ism BMR —3* ater test positiae 
F, Sea ere postpartum hemorrhage and shock (1930) Pituitara fibrosis foun on post mortem 
cxaminauon HON,? (see case 3 m text) M T ,?, Onset followed deliaera of twins Ci 9 - 5 -' 
Fibrosis of pituitar) found on post-morccin cxaniinaaon 
* Determinations earned out b^ ard laboratoncs 

deep inspiration at the right costal margin The spleen could not be felt and there w as no la mphadeiop- 

atha The onia abnormal neurologic finding aa as a questionabla positiae Babinski iim i aCT 

Laboratot) examinations sho^^ed the follo%Mng The concentration of hemog ° ^ ^ ^ 

and there were 3 35 million red blood cells The white blood cell count was a with ce-t 

poll morphonuclear neutrophils and 33 per cent lamphocates The hemato-nt aaas 31 - p* c-n 

'SIS aaas not abnormal The Kahn test was at first reported as doubtful bat sjb-<rqu„ t te ts we'e r ca 
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tivc No occult blood was present in the stools Free acid was not present in the gastric )uicc even after 
the administration of histamine The icteric index was 6 units The scrum cholesterol was 137 rag per 


Table i, Part II Pituitary Fibrosis or Unknown Cause 


Case 

Duration of Dis- 
ease, Years 

U 

tti 

< 

Date 

e 

0 

0 

8 

mg 

es" 

IS 

bx 

W 

8 

'0 

0 

5 

a> 

ES 

M C V , cu mi- 
crons 

0 

U cn 

!l 

X 2 

p*- y 

M C H Cone % 

Is 

gx 

— 

Total Granule 
cy tes, % 

Eosinophils % 

E° 

u 

.»> 

JZ 

c. 

B 

hI 

F S 

X 

38 

1/W35 

70 

3 9 

0 4 

81 

18 

34 

7 8 

73 

I 





97^3/36 

77 

3 6 


89 

34 

37 


60 5 

3 3 

30 5 




1/ x/41 

68t 

3 6t 


86t 

3 ot 

3 St 

5 4 t 




H 0 

^5 

53 

7/15/46 

66 

i 9 

0 8 

III 

33 

33 

4 ^ 

55 

9 

30 




DOCA L 

mg intramuscularly daily Testosterone propionate 15 ragi 




muscularij daily for ii days, thereafter 

c\cr) 

other day 

Rem 




cytes increased to 

a maximum of 5 6% on 

7/18/46 


) 




8/14/46 

68 

3 1 

X 0 

98 

34 

35 

5 5 

57 

4 

35 1 




Three 75 mg pellets of testosterone and one 

75 mg pellet ot uuoA 




planted subcutaneously 











3/ 6/47 

78 

3 7 


95 

33 

35 

5 




A B 


39 

7/H/45 

70* 

3 o’' 





7 0* 

51* 

I* 

49 * 




Desiccated thyroid, 3x mg daily 

Implantauon of three 75 nig pcHc 




testosterone and one 75 mg pellet of DOCA 







5/15/47 

69 

3 5 


95- 

31 

53 

8 1 

60 

4 

33 

E J 


68 

7/31/46 

68* 

3 3 "* 





5 6* 

90* 

I* 

5 * 

S K 

? 

69 

1/15/46 

77 ‘ 

3 o* 





6 I* 

69* 

0* 

19* 




Desiccated thyroid by mouth and DOCA and testosterone propio 




intramuscular injccaon 











V /47 

81* 

4 o’* 









A A 

? 

61 

9/18/46 

61 

3 4 


93 

^7 3 

30 








Desiccated thyroid given m small increasing doses 


1 

1 1 




10/11/46 ' 

50 1 

^ 5 1 

1 

101 1 

3 ^ 

3 ^ 1 

4 9 1 

44 1 1 - 




Desiccated thyroid. 

testosterone propionate, liver cxtrac i 




cc of whole blood 






t 

j 

1 





79 

4 5 

° 1 

9 x i 

X 7 1 

30 1 

1 

[ 

L 

i_. 


in text) H 0 , F, Intrasellar calcification FSH absent 17-KS i o mg/day 
A B , r. Insulin scnsiti\c FSH ncgaa\c Decreased cortin excretion 
SIS at post-mortem S K , M, Marked insulin scnsiuvicy FSH absent 
tion A ^ , F, Marked insulin sensitivity FSH absent 
* Determinations earned out by ward laboratories 


Insulin 

E J F, Pituirar) 
D«reascd cortin 

17-KS 3 3 mg/da> 

- uctcrinmaaons catnea out by ward iaboratoncs Hospi»> 

I Dctcrminauons carried out by Hematology Laboratories, Mass Meraona o P 
Chester Keefer has kindly consented to the inclusion of these data 

100 cc A glucose tolerance test uas uithin normal limits The basal metabolic 
X-ra\ examination of the chest, upper and lower gastrointestinal tract and se a tu 
normal bmits 
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Table i, Part III Hipopituitarism Secondary to Neoplasms 


Case 

Duration of Dis- 
ease, Years 

O 

to 

< 

Date 

e 

0 

so 

V} 

II 

Kg 

Erythrocytes 

X 

% Reticulocytes 

M C V , cu mi 
crons 

M C H , micro 
micrograms 

M C H Cone % 

1 

1 

1 cn C 
^ C 

ll 

SX 

'p 

a 

- e 

0 

H 

Eosinophils, % 

Lymphocytes % 

Monocytes, % 

S B 

0 5 

5? 

i 6/11/38 

75' 

‘ 3 5 

* 



- 

4 2- 

* 65* 

0* 

3z* 

3* 




3/^9/45 

61 

3 8 

0 1 

3 88 

2-5 

2-9 

5 5 

53 ; 

f 2 5 

34 

5 21 

M R 

I 

34 


75* 






5 I 

* 




G M 

1 


1/11/44 

59 

3 6 


88 

z 6 

2-9 

1 6 5 

68 5 

1 3 

1 19 ■ 

i 11 




Receivci 

d 5 cc of Ji\cr 

extract (Reuculogen, Lilly) m three iniecuons 




t%mch was 

follo' 

tied b) no significant increase in reticulocytes 

Tes- 




tosccronc propionate. 

15 mg intramuscularly, injected three times a 




11 eck 














1 

4/18/44 1 

88 

4 4 

0 5 

89 

1 32 

35 






D N 

5 

38 

3/ 7/42- 1 

69 

3 2. 


99 1 

2-5 

30 

4 4 








No rcuculoc) 

tosis following three daily injecuons of 10 

USP umts of bier 




extract (Re 

nculogen, LiHy ) 

One pellet 

(150 mg) of testosterone and 




SIX (1x5 mg) pellets of DOCA implanted 

! Detailed metabohe studies 




are desenbed elsewhere 











3/31/42- 

85 

4 I 


89 

37 

32- 

6 8 





P S 

6 

46 

3/2-9/43 

95 

4 8 


92 

32 










Had rcce 

aved 

replac 

emen 

t thera 

;py fo; 

r aboi 

It tuo 

>cars ' 

78 



J c 

i6 

59 

8/ 1/46 

70* 

4 2.* 





6 9* 

60* 


40* 


H A 

? 

66 

7/ 5/44 

67* 

4 0* 





6 1* 

7^* 


2 -}* 

4* 

C B 

I 

43 

1/19/46 


5 4* 




] 

10 5* 





J D 

?5 

lO 

5/ 3/44 

81* 






7 5* 





J B 

?9 

37 

8/11/43 

76* 

4 9* 





9 4* 



i 


M H 

?6 

13 

1/10/41 

80' 

4 




2 

=■ 9* 


1 

1 











' 





* 



Clinical Abstract i" B , M, Pituitars tumor M R , M, Pituitari tumor G M , N5, 
Chromophobe adenoma J D N , F, Pituitar} tumor P J , M, Chromophobe adenoma J C , 
M, Chromophobe adenoma J HA, M, Chromophobe adenoma complicated bi annular car- 
cinoma of transserse colon found on post-mortem examination C B , M, Pituitari tumor 
J D , M, Suprasellar C)st ssuth mild hi popituitansm t / B, M, Suprasellar cist inth moder 
atcli sciere hypopituitarism M H , F, Apolar neuroblastoma inioliinp pituitari sralh iiith 
hi pogonadism and diiarfism BMR normal FSH absent 
Dcterminaaons earned out bi nard laboratoncs 
t Diagnosis established at operation 

high protein diet nith iitamin B complex iias gnen In addition «ht rcccned iron liir- a-d d'> , 
cated thiroid scparatcli and in combination for intcnals of 'ticral uccl-s uithoLt a reri'ulo.i re reip 
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or improvement in her anemia (sec figure 4) Removal of some badly infected teeth seemed to improve 
her general condition The patient was discharged from the hospital in April 1935 

She was seen by Dr Juda Groen in September 1936 at the Boston City Hospital at which time she 
reported slight improvement in appetite and strength, although she had failed to take desiccated thj’roid 
regularly Signs of myxedema were evident and the absence of axillary and pubic hair was recorded The 
blood findings were much the same as befote 

At this time the patient failed to return for further treatment and continued to live a restricted life 
at home Fatigue and somnolence became increasingly incapacitating until by 1941 she was almost bed 
ridden Anorexia became almost total and in November 1941 she had an episode of confusion and dis 



ntllTID rw « UONTHSVIIH CKOUnO 
Liym rmofi to cktit o Mir 
«iveR moM AND ttvcn cxtaact thch 

OtSICTNrROlO IRON AND LIVCR CrTNACT 

’‘i 

tCVDCAnO THYROtO J 


I tROK YtjTWTtRONt t 

5t W/ >1 KuLIT* ^2 

6C»0*YC0RTlC0* Jh 
ntRDNC ACtTATf oJl* 
m OIL tM 




Fio 4 Changes in Red Blood Cell Count and Hemoglobin Concentration in Case 1 
Data have been plotted as averages for ten day periods Note the apparent absence of response to 
different forms of treatment 


orientation and because of this she was sent to the Massachusetts Memorial Hospital She was 

be acutely dehydrated and in poor condition on admission Numerous pctcchiae were 

right arm The blood pressure was recorded as io8 mm of Hg systolic and 78 diastolic 

repair of her dehydration it w as evident that her anemia was practically identical to that o 

vears prev lously The red blood cell count was 3 78 million and the hemoglobin 

per cent The white blood cell count on admission was 6,400, with 43 per cent cell 

The platelets numbered i7l,ooo Aspiration of bone marrow was performed and the o 


distribution w as found 

Polymorphonuclear leukoqtes 

Band forms 

Myelocytes 

Myeloblasts 

Nucleated red blood cells 
Ery throblasts 
Stem cells 
Lymphocy tes 
Monocy tes 


3 per cent 
iL per cent 
30 per cent 

6 per cent 

per cent 

8 percent 
3 per cent 

9 per cent 

3 per 
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No follicle stimulating hormone \\as found in the urine upon testing for 10 rat units per twenty-four 
hours The patient excreted o 1 mg of 17-ketosteroids per twenty-four hours An insulin tolerance test, 
using o 05 units of insulin per kilogram of body weight, intravenously, demonstrated moderate hypo- 
gl)cemic unresponsiveness A tvater test*® was positite, but a salt deprivation test*® was negatite 
The basal metabolic rate is as— 13 per cent 

Onjanuary 9, treatment tsas begun with desiccated thtroid, 32. mg daily, and this was progressitely 
increased to 160 mg daily Two pellets of desoxycorucosterone acetate, 1x5 mg each, and two pellets 
of testosterone, 150 mg each, were implanted subcutaneously The patient was much improved b> this 
treatment as far as her general condition tsas concerned, but no improvement in her anemia occurred, 
and she was discharged from the hospital in May 1942. 

In November 1943 she entered the Boston City Hospital for replenishment of her therap) She i\as 
given ferrous sulfate by mouth and desoxycorticosterone acetate and testosterone propionate by intra 
muscular injecuon Therapy with desiccated thyroid was continued Unfortunately, after a month in 
the hospital she developed virus pneumonia and died after a brief stormy course 

At postmortem examination the pituitary was very small and fibrotic Microscopic stud) showe 
only a few acidophilic, basophilic and chromophobe cells scattered in dense scar tissue *1^'*^°* 
gland was one half normal size and the acini were very atrophic Extensue adrenal atrophy an rosis 
was found Microscopic examination of the bone marrow was interpreted as showmg less t an norma 
crythropoiesis There was no evidence of a defect m maturation Cells of the granulocytic senes appearc 
to be normal except for a questionable increase m the eosinophilic senes Megacary ocy tes were o 
usual number 


Commtnt The etiology of the pituitary fibrosis in this case remains obscure 
The onset of symptoms following influenza suggests that this may been t c 
etiologic factor The anemia in this patient was normochromic an normocytic 
and remarkably constant in severity It was unaffected by raw liver y mout , 
liver by injection, iron in several forms and by hormonal replacement treatment 

fost^artum nccrosts of fbc ptu.tao assoc, aud wttb a modcratch severe mrmocyttc and normoebromte anemea ir,//; 

U. bee. „p«.ed e.«.vheee -) A b..se..e ejed 

admitted to the Boston City Hospital in May 1941 "ith the signs and symptoms o episode 

years prior to entry she had had a seiere hemorrhage due to a placenta j^eiia o o g 
menstruation ne\er recurred and symptoms of hyqiometabolism were not desiccated 

local physicians for hypothyroidism and anemia but the details are not atailable S^jooj^ desmtawd 

thyroid only at irregular intervals and at the time of entry the classic eatures o raw Pubic and 

M.th marked mentfTand physical retardation However, her nutritional status 

^rxillary hair was absent A^hyTKitension of 90 mm Hg sy stohe and 30 diastohc vv as present ^ 
tory findings confirmed the diagnosis of Simmonds disease The and hvpoglvcemic 

Plasma protein bound iodine ^^as less chan i microgram per cent intra\enousK p=r 

unresponsiveness was demonstrated by an insulin tolerance test Co 04 ° ^ ^ 

ot bod, ...ghO No to,l.c,= ..»u,a...g bo^ooc .be Tdl^L 

rat units per twenty -four hours Free acid w as not present in g 

“Lraata The red blood cell count was 3 43 ™>>.on, "“^co;^^ 

the hematocrit was 30 per cent Calculation of the blood «nd.ces hovv^^ mean corpa.ular 

S7 cu microns, a mean corpuscular hemoglobin concentrati J' ir„ .y^roev tes were reticule. v rev 

hemoglobin of 3X miCTo-micrograms Two-tenths of one per cent polv morphoncclea' rra 

The white blood cell count was x,.oo The differential count was as folio s j^hmotp 

trophils 3x per cent, band forms 14 F- cent eosinoph.U x per cent basophils . 5 ptt T 

i9pcr cent, voung Ivmphocvtes 1 per cent, monocvtes 7 5 l^rccnt h-natolomc imp-iwe-e" 

The patient received several puuitarv hormones without clinical or P^ ^ ^ 

There was a decline of the red blood cell count and hcntoglohin wncentr^t.ons ^ 

Replacement therapv with nonpituitarv hormones was begun on .v- 
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tration of methyl testosterone, 30 mg a day by mouth, desiccated thyroid 30 mg a day by mouth and 
desoxycorticosterone acetate i mg a day by intramuscular injection At a later date pellets of testosterone 
and desoxycorucosterone acetate were implanted subcutaneously Details of thcrap) are indicated in 
figure 5 

There was a remarkable improtement in the patient s general condition on this therapy Prior to 
treatment, the basal metabolic rate was -53 per cent and it rose to normal after treatment for i month 
The myxedematous changes disappeared and there was a progressne improtement in her energy and 
strength The red blood cell count and hemoglobin concentrauon on January 17, 1942- showed e\en lowtf 
values than previously The mean corpuscular xolumc on this occasion was iii cu miaons One month 
later the red blood cell count had mereased to 4 05 million, with a decrease in the mean corpt^^ 
volume to normal size, 83 cu microns, and 4 5 per cent of the cry throcy tes were reticulated On arc 



METHYL TESTOSTERONE SO HO/DAY PO ■ 
TESTOSTERONE I8OH0 PELLETS 


TISTOSTeRONE PROPIONATE £5M«/0AT 


DESOXYCORTICOSTERONE ACETATE 


—MO PEH.CL llIliihiih^^^ 




DESICCATED THYROID 

Fio 5 Changes in Red Blood Cell Count and Hemoglobin CoNCENTEaT2°*^ 
POLLOwiNO Endocrine Therapy in Case 3 

zo, 1942. the red blood cell count and hemoglobin had returned to normal le\cls On 
non the improtement in the blood picture was largely sustained, despite the fact that a 
of testosterone could not be procured for replacement in spit' 0^ 

The patient re entered the Boston City Hospital in January 1944 with j^^propioa*''’ 

treatment with sulfathiazolc, adrenal corneal extract, dcsox-ycorticostcronc and testos 

she died four day s after admission , . ^ll^ndaoDcaredonni.^'! 

At postmortem cxaminauon the pituitary was found to be very" small and Marked atrop^'f 

examination to be composed largely of fibrous tissue, with rare nests of basophilic 
of the thyroid was present and no nssuc recognizable as adrenals was found iicre pr'*'"' 

the \crtcbral marrow appeared hypoacme Red blood cell and white blood cc pre 
and showed no c\ idcncc of a defect in maturation 
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Covwicut The onset of symptoms in this womin following a severe hemorrhage 
complicating a placenta previa strongly suggests that the atrophy and fibrosis of 
the pituitar)' obser\'ed at autopsy was due to postpartum necrosis A moderately 
severe normocytic anemia was present on admission and became more severe during 
the period of observation The macrocytosis observed in January 1941 may have 
been related to an increase in the severity of her thyroid deficiency as manifested 
by a basal metabolic rate of —53 per cent in December 1941 On combined hormonal 
treatment the red blood cell count and hemoglobin concentration returned almost 
to normal in the course of about three months It seems likely that testosterone 
propionate was the agent causing the improvement in the blood picture 


SuMMAR'i AND CONCLUSIONS 

Evidence has been presented that the gonads, thyroid, adrenal cortex and pitm- 
tarj’’ glands have a definite influence on blood formation The normal sex difference 
in er}’’throcyte levels in animals, and probably m man, can be obliterated by 
Castration and restored by appropriate replacement therapy Hypothyroidism 
results in a moderately severe anemia in animals In the uncomplicated form, the 
anemia is slightly macrocytic and associated with a hypoplastic bone marrow 
In clinical experience the anemia may be complicated by the secondary effects of 
achylia gastrica leading either to iron deficiency or to a deficiency in the anti- 
pcrnicious anemia factor Hyperthyroidism causes some alterations in the white 
blood cells, but has little effect on the red blood cell senes Hyperactive states of 
the adrenal cortex may be associated with a mild polycythemia Adrenal steroids 
also have a marked lymphocytic effect, causing the release of beta and gamma 
globulins from lymphoid tissue A mechanism involving the anterior pituitary 
and adrenal seems to exist, controlling the release of antibodies under certain 
conditions It is suggested that other mechanisms also exist which control the 
number of circulating lymphocytes 

Deficiency of the anterior pituitary secretions results in anemia m anima s an 
man The anemia in animals is usually microcytic and hypochromic an may 
respond to several types of replacement therapy In man anemia deve ops s ow y 
and is rarely severe Moderate reductions in the red blood cell count occur an 
the color index vanes There is hypoplasia of the bone marrow The anemia in 
man does not respond uniformly well to the therapy now available, but improve 
ment often occurs with the replacement of end-organ hormones 

The preponderance of evidence indicates that the regulation o 00 ormation 
IS not primarily under hormonal control Tlie effects noted in various g an u ar 
disorders arc due to alterations in metabolism produced in the bone marrow as e 
as all other body tissues 
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OBSERVATIONS ON THE MECHANISM OF HEMOLYSIS IN 
PAROXYSMAL (COLD) HEMOGLOBINURIA 

Bj A A SiEDENs, M D , W H Zinkham, M D , and Philip F Wagley, M D * 

P AROXYSMAL (cold) hemoglobinuria is a condition observed usually in 
syphilitics and characterized by transient hemoglobinemia and hemoglo- 
binuria following exposure to cold Such episodes of hemolysis may be associated 
with fever, chills, headache, general malaise, abdominal cramps, nausea, vomiting, 
hives, and Raynaud s phenomena The most common complaint is dark or bloody 
urine following exposure to cold 

As late as 1868 this condition had not been differentiated from the hemoglo- 
binuria of malaria ^ However, by the end of the nineteenth century all of the clim- 
cal features mentioned above were recognized and the condition established as a 
climcal entity - From 1905 to 192.9, occasional observations suggested that factors 
other than cold might activate this hemolytic system For example, van den Bergh^ 
and Hannema and Rytma"* obsen'-ed that carbon dioxide under specified conditions 
in vitro might affect the degree of hemolysis Manneberg and Donath® reported the 
same results but also observed that carbon dioxide caused hemolysis in normal 
human blood Kumagai and Ito® reported equivocal results Although Mackenzie 
could not duplicate van den Bcrgh s results in vitro, he observed attacks of hemo- 
globinuria in a case following emotional disturbances without exposure to changes 
in temperature ^ Both van den Bergh and Mackenzie concluded that factors other 
than cold might activate this system 

Some observers state that serum complement must be present during the cold 
phase of the Donath-Landsteiner reaction for the hemolysin to be active ® 
Other investigators have reported that complement need be present only during the 
warm phase Mackenzie has stated that, although complement may not be 
essential for the first phase of the Donath-Landsteincr reaction, it is adsorbed 
during the chilling process when present In some of his experiments the hemoly- 
sin apparently was fixed on the erythrocyte in the absence of complement, but 
supplementary observations suggested that the presence of complement during 
chilling increased the degree of hemolysis occurring subsequently at body temper- 
ature Differences in the thermolability have been reported** for the hemolysins 
studied in various cases 

In this commumcation, observations arc reported in an attempt to re-evaluate 
several of these reported discrepancies Two cases of paroxysmal (cold) hemo- 
globinuria were studied, as described briefly in the appendix of this report The 
experiments arc divided into two groups 

I The first deals with the fixation of the hemolysin and complement on the 

From the Department of Medicine the Johns Hopkins Unnersit) and Hospital Baltimore, Md , and 
the Thorndike Memorial Laboratorj , Second and Fourth Medical Sen ices (Hart ard) Boston Cits Hos 
pital, and the Department of Medicine Han ard Medical School Boston Mass 
* Research Fellow of the American College of Phj sicians 
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hemolysis m paroxysmal hemoglobinuria 


componeL of compllmem^lre ^Xo^^hf and at Jcastonc 

mol.b.l= component of compleml mu t l 

Oona^^enastetnet -ctton trt;:\roVlrbreLt™"’ 
atccns m'zttrdr ^1-““ - 

to do so in the serum from anothe tn the serum of one patient, it failed 

vented the hemolytic activity m . certain substances pre- 

thc serum from a second case Thetff T”" but failed to do so in 

on prevention of fixation of hcmnl <^besc inhibitors did not depend 

Donath-Landsteiner reaaln ^be cold phase of the 

Group O C th Materxaib and Methods 

^5 per cent b} volume Guinea pie scram dil if resuspended in normal saline in a concentration 

e complement titer* was recorded as tbe hi h ^ ®^^*°‘^"®*‘^®ploycd as complement 

containing o i cc aliquots of a i c ner renr ^ ” tlution of scrum causing hemolysis in a system 

ro w icfa serial dilutions of o i cc of serum sheep cells scnsuiacd with rabbit amboceptor 

patients into syringes and tubes warmra f ^ obtained from blood drawn from the 

etCTminations of carbon dioxide evamW ° j ^ temperature Standard technics were employed for 
».th . gl„, cteuodi impllTr^tu ■* HyJrojio ,o. di.irm.n.Li w«. 

itig to a standard technic “The titer of ml A h T Donath-Landstciner test was done accord 

t uted serum, and a constant amount of r serum was determined by employing seriail} 

scrum rabbit serum was prepared and nc-,! 'tBent, in the Donath-Landsteiner test The anti hnmin 
P pared and used as described by Coombs ct a] » 

Group I E,^,r,mmso„ 

r-andstetmr reaction fixation of htmelyjtn and complement during the Vonatlr- 

The object of the follow 

Donath-Landstciner react ^ ^^penment was to determine the phase of the 
sorbed by the erythrocyte^^ ^Hig which complement and hemolysin were ad- 

•V? nt on fixation of hemolysin and complement in the cold 
Washed normal Group O red 

To two of the tubes (Nos land a’) were packed in o 5 cc aliquots in four tubes (see table 1} 

and 4) I. cc of scrum from Case aw s a ^ '"'etc added To the other two tubes (Nos t 

"^cre kept at ay C for one hour w o 5 cc of saline was added to all tubes Tubes i and 1 

and then centrifuged after beine «quent mixing Tubes 3 and 4 were chilled at a C for thirty minutes 
fiiged at ay C The clear suDern!; " centrifuge metal cups Tabes i and a were centn 

supernatant was removed qmckly from all four tubeV 

Rcsf//^s aud ^0}3clusiO}jx T'h ^ 

removed from the cell- ^ complement and hemolysin in the supernaw” 

hemolysin and comolem^^ fixtures kept at xy C were both high However, hot 
at X C in the pr^nST d-appeared from the senimVeviously chiiW 

^ of cells Presumably, hemolysin and one or more componcfit- 

sheep cells as descried abote'^s'^'^ u indicate the hemolytic reaction of sernm with sensing 

aaion with sensiturcd sheep ccllTlh complement arc necessary for the 

lack of one or more of thesf comp^nentf implement actnitj is interpreted as indicating 
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of complement were adsorbed by the red blood cells at the lower temperature but 
not at the higher one Such adsorption of hemolysin and complement from the 
scrum of Case x caused no significant alteration in the electrophoretic pattern of 
the serum 

The question then arose as to what would occur if hemolysin and complement 
were separated and chilled separately in the presence of red blood cells 

B Expenmetit on commitment and htmolystn activity in the cold mhase of the Donath- 
Landsteiner reaction 

Scrum from Case z.* ^\as heated at 63 C for three minutes Two-tenths of a cubic centimeter of this 
scrum caused no hemol}sis of o z cc of a i 5 per cent suspension of sensitized sheep cells (sec tube i of 
table z) The remainder of the scrum t\as ditided into o 5 cc aliquots and, as shown in table z, was 
placed in tubes 3 and 5 Fit e-tenths of a cc of unheated scrum \\ ere placed in two other tubes (sec tubes z 


Table i — Adsorpion of Hemoljstn and Complement 


Test tube 

Case 1 
serum 

1 

Case 2 
scrum 

Control packed i 
RB C j 

Normal 

salme 

Hemolysin in* 
supernatant 

1 

Complement mf 
supernatant 


cc 1 

cc 

i 

cc 

cc 

Mer 

titer 

I 

% 0 


0 5 

° 5 

1/4 

1/ iz8 

z 


z 0 

0 5 

0 5 

1/3Z 

1/3Z 

3 

z 0 


0 5 

0 5 

0 

0 

4 

1 


Z 0 

0 5 

0 5 

0 

' 0 


Procedure Test tubes i and z left at room temperature (z/ C ) for i hour, then centrifuged at 
17 C , and supernatant tested for hemolysin and compl Test tubes 3 and 4 chilled at z C for 30 
mins with frequent surnng, then centnfuged in cold, and supernatant tested for hemolysin and 


compl 

* As determined by Donath-Landstcincr tests on serially diluted supernatant 
t As determined by adding o i cc i 3% scnsinzcd sheep R B C to o 1 cc poruons o sena y 
diluted supernatant 


and 4 of table z) To the four tubes were added o z cc of a 3 per cent suspension of w ashed normal Group 
O red blood cells One-tenth cc of normal saline was added to all four tubes To tubes z and 3 were added 
oicc of a 1 to 3 dilution of guinea pig scrum All four tubes were then chilled at z C fortenmnutes Alter 
the chilling, o z cc of a i to 3 dilution of guinea pig scrum were added to tubes 4 an 3 tu c 
then incubated at 37 C for i hour 

Kesiilts and conclusions As shown in table x, hemolysis did not occur if cells were 
chilled in heat-inactivated serum unless complement was added before chilling 
Adding complement to previously heated serum after the chilling p ase o t c 
Donath-Landsteiner reaction did not cause hemolysis Apparentl}, cornpemen 
had to be present during the cold phase of the reaction to cause hemol) sis is w as 
also suggested by rechilling tube 5 of table x Such subsequent rechilling and re- 
warming resulted in almost complete hemolysis This substantiate t e cone usion 


* The hemoljsin in the serum of Case i was found to be more thermolab.Ie than complement ^ hen 
heated at 36 C Attempts to separate the thermolab.Ie hemoljsin and the complement bt adsorption on 
other antigen-antibod) precipitates failed since both were adsorbed s.multaneoush In contrast, the 
hemolj sin in the scrum of Case z w as thermostable, thus allow mg inact.s anon of the complement wit 
out dcstro) ing the hcraolj sin 
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that hemolysin was present but was active only when chilled in the presence of 
complement 

These conclusions were substantiated by another technic The serum of Case t 
and guinea pig serum were heat inactivated at 57 C for thirty minutes These sera 
and unheated sera were combined as shown in table x-A and chilled with cells at 
3 C for ten minutes, then incubated at 37 C for thirty minutes Small aliquots of 
cells chilled in the presence of the various combinations of sera shown in table i-A 


Table 2. —Effect of Complement on the Cold Phase of the Donath-Landstemer 'Reaction 


1 

Test tube 

1 Case 2 

1 scrum 

1 

Case 2 scrum 
\ heated at 
63 C~3mm 

Cont 
'R B C 

Compl 

added 

before 

chilling 

Compl 
added after 
chilling 

1 

Norm 

saline 

Sensitiied 

sheep 

RBC 

( 1 ^%) 

Hemobtis 


cc I 

cc 

CC 

CC 

CC 

CC 

CC 


I j 


0 z 





0 z 

0 

z 

0 5 


0 z 

0 z 


1 ^ ^ 

1 

+-!-++ 

3 


° 5 

0 z 

0 z 


0 I 


+++ 

4 

0 5 


0 z 

! 

' 0 z 

0 I 


++++ 

5 


° 5 

0 z 


0 z 

0 I 


0 


Procedure A.11 tubes chilled at 1 C for 10 nunutes, then incubated at 37 C for one hour 


Table l a Demonstration of Adsorption of the Hemolysin on Red Cells by the A^lntination of titcb > 

.S f It . t a 1 f > j t T> C^tint 


Test tube 

— — 

Case 2 serum 

Case 2 serum 
heated at 57 

C 30 mm 

Complement 

Complement 
heated at 

57° C 30 mm 

RB C (5 
per cent 
suspension) 


CC 

CC 

CC 

CC 

CC 

I 

° 5 


o z 


0 3 

z 


° 5 

o z 


o 3 

3 


o 5 


o z 

o 3 

4 

0 5 



o z 

o 3 


Hemolysis* 


1+ 

tr 

o 

1+ 


Coombs 
I serum 

laEglutinationl 


1+ 
1 + 
o 

1+ 


hour 



llUUl 

t Coomb s test was performed by incubating o z cc of a cell suspension with o i 
scrum and expressing the agglutination as 4+ to o on microscopic cxaminauon 


were removed prior to incubation at 37 C and resuspended in several 
By resuspending the cells in saline immediately after chilling, they cou 
indefinitely without lysis (see tubes 3 and 6 of table 3) Two-tenths “ 
centimeter of such suspensions of red cells were then incubated at 37 ^ 


with Coomb’s serum [jjd 

Hemolysis occurred only when the scrum of Case x or that of the the 

not been previously heated Heating both sera prior to the chilling V 
Donath-Landstemer test prevented subsequent hemolysis Cells, jaliiic, 

m the presence of both hemolysin and intact complement and resuspen e 
were agglutinated by anti-human serum rabbit serum 
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This agglutinability of the cells occurred following their chilling in the presence 
of the hemolysin when guinea pig serum furnished the only complement, it did not 
occur when both the complement in the patient’s and guinea pig sera had been pre- 
viously heat inactivated These observations suggested the hemolysin was adsorbed 
only in the presence of intact complement, whether the latter was furnished by the 
human scrum or guinea pig serum 

Since both the hemolysin and at least the thermolabile components of comple- 
ment were required in the cold to sensitize red cells, the role of complement during 
the warm phase of the Donath-Landstciner reaction was studied Therefore, the 
following experiment was performed 


Table 3 — Efftct of Compltment on the Warm Phase of the Donatb-Landstc sner Kcaction 


Test tube 

1 Sensitized* cont R B C ( 5 %) 

Compl 1 

Compl heated 
at 63 C -3 nun i 

1 

Normal 

saline 

Heraob-sis 

Case 1 1 

Case 2 


CC 

CC 

1 

CC 

1 

cc 

cc 


I 

0 X 

1 

0 X 



-t-|-t- + 

2. 

0 X 



0 X 


0 

3 

0 X 


j 


0 X 

! 0 

4 


0 X 

0 X 



-f 

5 


0 X 


0 X 


0 

6 


0 X 



0 X 

0 


Procedure Compl , heated compl , and normal saline added to sensitized cont R B C at room 
temperature (arcum xy C ) All tubes then incubated at 37 C for one hour 

* Sensitized cont R B C prepared by chilling cont R B C for 15 mins at 1 C in presence of 
sera of case i and case x R B C then washed with normal saline and resuspended in 3% concentra- 
tion 

C Experiment on complement and hemolysin activity in the warm phase of the Donath- 
Eandsteiner reaction 

Packed washed normal Group O red cells %vcrc chilled at x C for fifteen minutes in tv\ ice 
of unheated scrum from Case i or Case x (sec table 3) Saline, chilled to 4 C , as then adde ^ 

Washed \\hilc cold They were then resuspended in normal saline in 5 per cent concentration an a 
to 17 C Tivo tenths of a cubic centimeter of the suspension of red cells pretiousl) chillc in t c erum 
of Case I t\crc placed in three tubes (^tubes 1, x, and 3 of table 3) and equal aliquots o ce s prcMoas \ 

chilled in the scrum of Case X were placed in three other tubes (tubes 4, 3, and 6) «^tcnt so ac 

centimeter of guinea pig serum diluted i to 3 were added to tubes i and 4. o cc of guinea pig serum 
diluted 1 to 5 tvith saline and inactnated by heating at 63 C for three minutes is ere added to tubes _ an 
5 . and o X cc of saline were added to tubes 3 and 6 Ail the tubes ssere then incubated at 37 C for one 
hour 

Results and conclusions Cells that were previously chilled in the presence of fresh 
serum from both cases, then washed and resuspended in saline, did not hemohzc 
on incubation unless intact complement was present also during the \\arm p asc 
Adding heat inactivated complement or more saline did not cause hemo ^SIS rc 
sumably, red cells sensitized in the cold phase b^ hemol}Sin and comp ement cou 
not be hemolyzed in the warm phase unless intact complement vas present Thus, 
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some thermolabile component of complement was reqmred during the warm phase 
of the Donath-Landstemer reaction 

Group II Experiments with carbon dioxide and inhibitors of carbonic anhydrase 

As previously reported/® relatively high contents of carbon dioxide, under cer- 
tain conditions in vitro, may cause hemolysis of cells suspended in the serum of 
some cases of paroxysmal (cold) hemoglobinuria Other observers,® - in similar 
experiments, have not obtained these results In a previous commumcation,” pre- 
liminary observations were made on the effect of carbon dioxide on the Donath- 
Landstemer reaction of Case i, as reported in more detail here One possible inter- 
pretation for the discrepancy in the reports concerning the effect of carbon dioxide 
might be that there were possible differences in the temperatures at which the 
experiments were performed by different observers For example, it had been re- 
ported^® that carbon dioxide caused complete hemolysis of Group O cells suspended 
in the patient s serum (Case i) when the temperature was xy C , but no hemolysis 
occurred at 37 C It was conceivable, therefore, that exposure to relatively high 
temperatures had resulted in no hemolysis, whereas lower temperatures could have 
produced hemolysis It had already been established that the hemolysin in the 
scrum of various patients was activated at different temperatures ® Accordingly? 
there was a distinct possibility that the effect of carbon dioxide on the hemolytic 
system in the sera of various cases might appear at different temperatures However, 
further observations suggested that a simple difference in temperature thres 0 
was probably not the explanation for such discrepancies in the literature 
ample, bubbling in carbon dioxide under oil at a temperature of ii C cause no 
more hemolysis of cells suspended in the serum of Case x than allowing such sus- 
pensions to simply stand at the same temperature for the same length of time 
thermore, cyanide and sulfanilamide, when employed as reported before, ^ ^ 
inhibit the hemolytic activity of the serum from Case x These results were 
mg contrast to those observed m the study of Case i 1® Accordingly, 
sulfamlamide and cyanide on the Donath-Landstemer reaction was studie m ® 
detail by using the serum from Case i, as indicated in the following series 0 
vations , 

A Experiments on the phase of action of sodium sulfanilamide and cyanide ont i 
Landsteiner reaction 

Two-tenths of a cubic centimeter of a 5 per cent suspension of normal washed Group 0 ^ 5, 

were placed in each of 6 tubes (see table 4) To tube r was 
and 6 were added o x cc of complement as guinea pig scrum diluted i to 5 wuh 
was already present in the serum of Case i [sec table 1] the addiuon of more complement^ 
unnecessary ) One-tenth of a cubic centimeter of 008 M solutions of sodium 
famlaraidc were added to tubes x and 3 , respectively Five-tenths of a cubic centimeter o 
I were placed in all tubes All tubes were then chilled at x C for fifteen minutes At t e 
o ICC of normal saline, o 08 M sodium cyanide, and o 08 M sodium sulfanilamide were 
4, 5, and 6, rcspectitclj All tubes were then incubated at 37 C for one hour 

hose chd^^^ 

Results and conclusions Hemolysis occurred in all tubes except af^®® 

the presence of sulfamlamide and cyanide Adding sulfanilamide an 
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the chilling phase did not prevent hemolysis Apparently, therefore, cyanide and 
sulfanilamide had to be present during the chilling phase of the Donath-Land- 
steiner reaction in order to prevent hemolysis 

These observations raised the question of whether these substances prevented 
sensitization of red cells by the hemolysin or prevented the hemolysis of already 
sensitized cells The following experiment was performed in the attempt to answer 
this question 

B Experitneut on the effect of sodtum sulfautlamide and cyanide on the union of hemolysin 
with red blood cells 

Four-tenths of a cubic centimeter of a 5 per cent suspension of normal washed Group O cells tsere 
placed in each of 3 tubes (see table 5) Four-tenths of a cubic centimeter of complement in the form of 
guinea pig serum diluted with 1 to 5 w ith saline and i o cc of serum from Case i were added Two tenths 
of a cubic centimeter of normal saline, o 08 M sodium cyanide, and o 08 M sodium sulfanilamide were 
added to tubes i, 1, and 3, respectnely The tubes were then chilled at a. C for twenty minutes, centri- 


Table 4 — Observations on the Time of Action of Inhibitors on the Donatb-LanJsteiner Reaction 


Test tube 

Case 1 serum 

Control 

R B C 

CompI 

Norma! saline 

Sodium 

cyanide 

Sodium 

sulfanil 

amide 

Hemolysis 


CC 

CC 

cc 

cc 

cc 

cc 

CC 

I 

0 s 

0 i 


0 I 



+ H — h 

1 

0 5 

0 X 

0 z 


0 I 


0 

3 

0 5 

0 z 

0 z 



0 I 

0 

4 

0 5 

0 z 


0 I 



+++ 

5 

0 5 

0 z 

0 z 


0 I 


+ + + 

6 

0 5 

0 z 

0 z 



0 I 

+++ 


Procedure Test tubes i and 4 are controls o i cc of saline, sodium cyamde, sodium sulfanilamide 
added to test tubes i, 1, and 3 before chilling at x C for 15 minutes Same reagents added to test 
tubes 4, 5, and 6 after chilhng at x C for 13 minutes All tubes then incubated at 37 C for one 
hour 


fuged in the cold by packing the tubes in ice and the supernatant pipetted off The cells were ^^ti 
in cold phosphate buffer (sec table 5) The cells of tubes x and 3 were washed in cold phosphate buffer 
containing o 008 M concentration of sodium cyanide and sodium sulfanilamide rcsf^ctn cl) 1 e , in a 

known effective concentration of inhibitors to pretent any union of hemolysin with t ere ce s S 

the washing in the chilled state that might occur as the concentrarion of inhibitors decreased me 
phosphate buffer at pH 7 x was used to present the alkalinizmg effect of sodium cjanide and sodium 
sulfanilamide in unbuffered solution Such a high pH might mactn ate complement or elute the hemo t sin 
from the red cell After washing twice in the abotc solutions, the cells were resuspended in normal saline 
and the cell suspensions were then used as shotvn in table 6 The cell suspensions from each tu^ repre 
sented in table 3 were warmed to X7C and dnided into aliquots of o x cc each To tubes 1,3 “‘' 3"arc 
added o X cc of normal saline and to tubes x, 4, and 6 were added o x cc of comp ement in the form of 
guinea pig serum diluted i to 3 with saline The tubes were then incubated at 37 C for one hour 


Results and conclusions Hemolysis occurred as sho\%n in table 6 This indica^d 
that the effect of sulfanilamide and c)anide on the cells and scrum is as a re ci^ 
one, and also that the presence of sulfanilamide and ci inidc in the cold did not 
prevent the union of the hemol) sin with the red cell The red cells had apparent \ 
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become sensitized by the hemolysin in the cold in spite of the presence of the inhib- 
itors The subsequent withdrawal of the inhibitors allowed the hemolysis to pro 
cced during the incubation at 37 C 
These conclusions were substantiated by the following experiment 
C Expermttjf on the effect of sodium cyanide on the union of hemolysin with red blocil 
cells 


Tablb 5 — Observations on Ejject of Inhibitors on Union of Hitnolystn and Complement with K EC (Fart A) 


Test tube 1 

Case 1 serum 

Control 

RB C 

Compl 

Normal saline 

Sodium cyanide 
(OSM) 

Soditira sulfi 

nilamide (iB )I) 


CC 

CC 

CC 

CC 

CC 

cc 

I 

I o ' 

O 4 

o 4 

O X 



1 

I 0 

o 4 

o 4 


O X 


3 

I o 

o 4 

o 4 



0 t 


Procedure Tubes chilled at x C for xo nuns , centrifuged in cold, and supernatant pipetted off 
Test tube i R B C washed twice with 5 cc isotonic phosphate buffer (pH 7 x) 

Test tube x R B C washed twice with 5 cc isotonic phosphate buffer (pH 7 1) containinj 
008 M sodium cyamde 

Test tube 3 R B C washed twice with 5 cc isotonic phosphate buffer (pH 7 1) containm? 
008 M sodium sulfanilamide 

R B C of each tube then resuspended in o 4 cc norm saline and employed as shown m net 
table (part S') 


Table 6 Observations on Effect of Inhibitors on Union of Hemolysin and Complement with R B C (F^ 2 , 


Teat tube 

— — — — 

R B C suspensions in sahne as prepared in 
part (A) 

Normal sahne 

Compl 


FromT T 1 

FromT T 2 

FromT T 3 




CC 

CC 

CC 

cc 

CC 

I 

o z 



o z 


z 

o z 




o z 

3 


o z 


o z 


4 


o z 



0 z 

5 



o z 

o z 


6 



o z 


0 z 


Hemolysis 


-f++ 

0 

++ 

0 

- 1 -+ 


(17 C) 


Procedure Compl and normal sahne added to test tubes at room temp 
then incubated at 37 C for one hour 

To I cc of packed Group O cells in three separate test tubes were added o 5 cc of a bu ^ 
sodium cj anidc solution (tubes i, 1, and 4) To another tube (tube 3) of 1 cc of packed re 
saline w as added To each tube were then added 02.ee of guinea pig scrum and 3 3 rr 
Case I One tube containing cyanide (tube i) was allowed to stand at 34 C The °rbcr t ^ 

chilled at 3 C for thirty minutes Two of the chilled tubes (tube x containing cyani jbe tab' 

containing c) anide) were then centrifuged in chilled containers with packed ice The 
(tube I containing cyamde) not chilled, were centrifuged at room temperature The (tub- ■() 

centrifuged tubes were removed and the cells resuspended in xoo cc of saline The sapf 

contained c> anidc, and as a control was incubated at 37 C for one hour following c 1 ^ 

natant from the tubes i, x, and 3, were then dialyzed in cellophane bags against norma 
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at iccbo\ temperature The dialyzed supernatants were then used in Donath Landstcincr reactions (see 
table 7) and titered for complement Small aliquots of the cell suspensions were incubated for one hour 
at 37 C in equal aliquots of Coomb s serum and with complement (see table S') 

Results and conclusions Cells chilled in the serum of Case i both in the presence 
and absence of cyamde were agglutinated in the Coomb’s test and showed hemol- 


Table 7 — Observations Showing Cyanide did not Prevent the Union of Hemolysin with the Red Qll 

during Chilling 


Test tube 

Dialysed supernatant serum from 

Complement 

Salme 

RB C 
(5 per cent 

Hemolysis* 


Tube 1 

Tube 2 

Tube 3 


suspension) 



cc 

CC 

cc 

CC 

CC 

CC 


I 

0 5 


1 

0 X 

0 I 

0 X 

4 + 



° s 


0 X 

0 I 

0 X 

0 

3 


° 5 

0 1 

1 0 I 

1 0 X 

1 + 


Tube 1 = serum previously incubated at 34 C for 30 minutes wnth cyamde and red cells (see 
text), dialyzed and employed as shown 

Tube 1 = serum previously chilled at 3 C for 30 minutes with cyanide and red cells (sec text), 
dialyzed and employed as shown 

Tube 3 = serum previously chilled at 3 C for 30 minutes with red cells but in the absence of 
cyamde (see text), dialyzed and employed as shown 

* Hemolysis as determined after chiUing the suspension at 2. C for 10 minutes and incubating 
37 C for 1 hour 


Table 8 — Observations Showing the Adsorption of Hemolysin by Red Cells during Chilling in both the Presence 

and Absence of Cyanide 


Test tube 

Washed cells from 

Coomb s 
serum 

Complement 

Tube 1 

Tube 2 

Tube 3 


cc 

cc 

cc 

cc 

cc 

I 

0 I 



0 1 


X 

0 X 




0 X 

3 


0 I 


0 I 


4 


0 X 



0 X 

5 



0 I 

0 I 


6 



0 X 


0 X 


Agglutination* 


2.+ 

2-+ 


HemoI>sis* 


Neg 

Pos 

Pos 


I J ~ 

>n saline and employed as shown 1 l 1 k a 

Tube L = ceUs preMously chiUed at 3 C for 30 minutes with oanide and hemohsin, wa he 

m Saline and employed as shown , v, , mirlr 

Tube 3 = ceUs prewously chilled at 3 C for 30 minutes with hemohsin but without cianide, 

"■ashed in saline and emplojed as shown _ 

■'Agglutination and hemoljsis as determined after 1 hour incubation at 37 


'SIS on incubation with complement at 37 C after being xs ashed in a large amount 
of saline (table S) Employing the dial) zed supernatant from the chilled tubes in 
Donath-Landsteiner reaction showed that the hemohsin as a cru or p 
'n onlj a trace That the hemol)’^in and complement had been a sor c an n 
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Simply destroyed by cyanide was shown by the marked hemolytic activity in a 
Donath-Landsteiner reaction of the dialyzed supernatant from the tubes allovucd 
to stand at 34 C for thirty minutes Complement was present in that supernatant 
in a titer of 16 units per cc That the original cyanide concentration was an effective 
one was shown by the slight trace of hemolysis in an identical suspension (tube 4) 
chilled for the same period of time and incubated at 37 C for one hour Thus, by a 
second technic, adsorption of hemolysin and complement by the red cell in the 
presence of cyamide was demonstrated 


Discussion 

Both hemolysin and some component of complement were adsorbed by ted blood 
cells from the sera of each of 2 . cases in the cold phase of the Donath-Landstemer 
reaction This observation supports some of those reported by Cooke, “ Hoover and 
Stone,® and by Dennie and Robertson ® Cooke-“ has pointed out that although 
Donath and Landsteiner-^ maintained the view that cold was necessary only for 
the union of red blood cell and hemolysin and that complement united in the vi^arm 
phase, their experiments did not actually prove this Moss-' concluded that corn 
plcmcnt did not enter into the reaction of the cold phase (at least not permanent yj 
His evidence consisted of the demonstration of complement in the supernatant 
serum after chilling with cells This docs not rule out the possibility that some 
complement was actually used Hoover and Stone® reported that after chilling rc 
cells in heat-inactivated serum from a patient with paroxysmal cold hemog 0 
una, incubating then in normal serum at 37 C did not cause hemolysis Was 1 g 
cells in saline and rechilling and reincubating them in normal saline did ca^ 
hemolysis They interpreted their results as showing a complement factor must a 
be adsorbed in the cold by cells before they are susceptible to hemolysis on su 
quent incubation Hemolysin and complement in the scrum of Case z were sc ^ 
able by heat After inactivating the scrum from Case z for complement, the 
sin remained Chilling and incubating cells in such inactivated serum did not 
hemolysis Nor did restoring complement to the previously inactivated seru 
suspension after chilling cause hemolysis However, rechilling and reincu 
37 C such a suspension following the addition of complement did cause 
indicating complement had to be present during the cold phase of t c 
Landsteiner reaction for the hemolysin to be effective Therefore, the 
that complement acts only m the warm phase of the Donath-Landsteincr^r 
under these defined in vitro conditions is incorrect m at least one 

Dennic and Robertson® observed that complement was necessary not 
cold but also for the warm phase of the Donath-Landsteincr reaction 
Cooke®® concluded from his work that complement united solely in t e 
of his observations show that complement was a requisite for the warm 
Throughout several of his experiments, cells were chilled m the jujpro 

and then resuspended in saline Cooke reported no hemolysis in sue s 
sions on rewarming However, if both complement and hemolysin w 
in the cold, then rewarming such saline suspensions should resu nding^hci^ 
Chilling cells in the presence of complement and hemolysin an 
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’ in either saline or heat-inactivated complement was followed by no hemolysis on 
incubation at 37 C Adding intact complement to such warm suspensions, however, 
did cause hemolysis Apparently, complement was necessary for the ivarm as well 
as the cold phase of the Donath-Landsteiner reaction 
The hemolysin in the serum of Case i was inactivated by heating before comple- 
ment was destroyed Heating the serum of Case x long enough to inactivate the 
complement did not inactivate the hemolysin Mackenzie^ has also observed dif- 
ferences in the thermostability of hemolysins from various patients with this dis- 
ease entity, and Yorke and Macfie^® found the thermolability of the hemolysin in 
the serum of i patient actually varied from time to time 
Several observers have shown that carbon dioxide may be an in vitro activating 
factor in this hemolytic system ^ As reported previously, when cells were sus- 
pended in the serum of Case i at xy C with carbon dioxide in a concentration of 
3 6 mEq per liter (pH 6 4) lysis rapidly occurred The same procedure at 37 C 
did not cause hemolysis and lysis did not occur even at xy C if the serum hemol} sin 
had been previously removed Furthermore, sulfanilamide and cyanide prevented 
the lysis of a Donath-Landsteiner reaction when this same serum was employed 
As the study of other patients sera had revealed no such effect of carbon dioxide^ it 
was thought that temperature might have been a critical variable Thus, workers 
employing lower temperatures might activate the system with carbon dioxide, 
while those using higher in vitro temperatures might obtain negative results The 
upper limit of temperature at which the serum hemolysin becomes effective seems 
to vary from patient to patient ^ As the carbon dioxide in vitro effect is dependent 
on the presence of hemolysio,^® it seemed logical that the carbon dioxide activity 
at a given temperature naight depend on the thermal amplitude of that particular 
hemolysin Although such temperature factors may be important, study of Case x 
suggests that they are not the only ones At a temperature (ii C ) which alone 
activated the system in vitro, the use of carbon dioxide did not increase the amount 
of hemolysis of cells suspended in the serum of Case x Mackenzie had previous } 
reported that carbon dioxide did not activate the in vitro hemolytic S) stem o sera 
from several patients with this disease whom he had studied - In contrast to t e 
effectiveness of sulfamlamidc and cyanide in preventing hemolysis of cells sus- 
pended in the serum of Case i, these inhibitors were ineffective in the prevention o 
hemolysis of cells suspended in the scrum of Case x Thus, the effectiveness and 
ineffectiveness of carbon dioxide, sulfanilamide, and cyanide ran para 


hemolytic system , , 

Sulfanilamide and cyanide in the scrum of Case i did not pre^cnt the union ot the 
hemolysin and complement with the red cell, but did prevent the su sequent as 
The adsorption of the requisite serum factors for hsis ba the era t roca tes aa 
chilled in both the presence and absence of such inhibitors aa ns shoaan in t o 
Hemolj sin and complement either decreased markedla m concentration or actualla 
disapf^ircd from the supernatant of all such chilled suspensions Furthermore, the 
cells from such chilled suspensions aahen aa^ashed in cold saline an t en incu ate 
ar 37 C avith fresh complement aaere lased This shoaaed the hemola sm had acted 

on the cell membrane irrespectiae of the presence of the in 1 itors 
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chilled m the presence of cyanide and hemolysin were washed in saline and then 
incubated in Coomb’s serum, they were agglutinated This was further evidence 
that some serum factor had been adsorbed on the red cell Such agglutination of the 
cells by an anti-human serum rabbit serum occurred even though the thcrmolabilc 
components of complement were furnished by guinea pig serum 

The prevention of lysis was not due to an inactivation of the complement ncces 
sary during the warm phase of the Donath-Landsteiner reaction This was estab- 
lished by the lack of effect of the inhibitors when added to the red cell-scrum sus- 
pension after chilling but before warming The inhibitors had to be present dunng 
the entire Donath-Landsteiner reaction in order to be effective 'This suggests the 
possibility that these substances may be acting at the red cell membrane, and 
though not preventing the union of the hemolysin-complement complex with the 
red cell, may, at least in some cases, prevent some subsequent alteration in the 
spatial configuration of the hemolysin-complement-red cell membrane complex 
that IS a requisite for actual hemolysis The differences in the effectiveness of these 
inhibitors might, therefore, be associated with differences in the size of the anti 
body involved in various sera 

Apparently, the union in the cold of hemolysin and complement with the red 
cell membrane does not necessarily lead to hemolysis Some other step must occur 
That the latter may be delayed and yet be effective is indicated by the reversibility 
of the inhibiting effect of cyanide and sulfanilamide That the inhibiting activity 
of these two substances does not depend on preventing either the union of the 
requisite serum factors m the cold or the activity of some additional factor during 
the warm phase has been illustrated in three ways (i) Both hemolysin and com- 
plement disappear or, at least, diminish in concentration from the supernatant 0 
a chilled suspension containing either of the two inhibitors (z) This diminution 
in titer is due to adsorption and not destruction as illustrated by subsequent posi 
tive Coomb s tests as well as lysis of the cells when washed and incubated in com 
plement at 37 C (3) Finally, the inhibitors do not prevent the lysis unless prewn 
before chilling Their ineffectiveness when added only during the warming p 
indicates their action is not due to some effect on a serum factor necessary uring 


that phase of the Donath-Landsteiner test ^ 

Thus, by elimination of several possible interpretations, the question ari^^^ 
whether or not by acting at the cell membrane these substances simply 
reorientation of the antibody-complement complex on the cell membrane y 
concept, the complex could unite with the red blood cell m the presence 
inhibitors and when the latter are removed, reorientation on the membrane^ 
occur and lysis result In such a concept two possibilities would be jjjc 

carbonic anhydrase may be contained in the red blood cell membrane 
differences in the effectiveness of the inhibitors from case to case may 
difference in the size of the hemolysin molecule in the two sera Thus, 
thcrmolabile and possibly larger hemolysin could not reorient itself on . 
membrane in the presence of the inhibitors but the thermostabile an 
smaller antibody could As a result, the inhibitors would be effective m 


instance and not in the second 
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CoNCLtJSIONS 

Observations made on x cases of paroxysmal (cold) hemoglobinuria showed 

I Hemolysin and complement were adsorbed by erythrocytes in the cold 

z A thermolabile fraction of complement was necessary for both the cold phase 
and the warm phase of the Donath-Landsteiner reaction in the serum of i case 

I Under specified in vitro conditions, carbon dioxide affected the hemolytic 
system of i case and not that of the other, this carbon dioxide effect was itself sub- 
ject to the influence of temperature 

4 Sulfanilamide and cyamde inhibited the Donath-Landsteiner reaction in the 
serum of i case and not in the serum of the other 

5 These inhibitors did not prevent the umon in the cold of the hemolysin-com- 
plement complex, but did prevent the usual effect of such a umon in 1 case 

6 If not present during the chilling phase, sulfamlarmde and cyanide did not 
prevent hemolysis 

7 Under specified conditions, sulfanilaimde and cyanide did not prevent the 
effect of the thermolabile component of complement in the warm phase of the 
Donath-Landsteiner reaction 

8 The differences in the observations of the x cases reported here and some appar- 
ent discrcpanices cited from the literature suggest the possibility of important 
fundamental variants in the mechanism of the disease 

Appendix 
Case Htstortes 
CASE I 

B Q H H , history number 355165^ a 35 yc*'' old Negro, V as admitted vith the chief complaint 

of upset stomach and dark urine after exposure to cold The family history vas noncontributorj The 
past history revealed that fifteen years prior to admission the patient had had a penile lesion and n as gn cn 
antiluctic treatment for one and one-half years The pauent dated the present illness as beginning three 
3 ears prior to admission At that time, he noted attacks of abdominal cramps, nausea, and \omiting fol- 
Jott mg exposure to cold These episodes tv ere associated w ith the passage of \ erj dark urine in noticeablv 
small quantities The attacks fasted for sev eral hours but the patient thought he could shorten their dura 
tionbj drinking hot coffee or warming himself The ph>sical examination was essentiall) negative The 
pertinent laboratory data were as follows The serologic test for sjphilis was positive There was a mild 
normocj tic anemia The icterus index was ix The urine was dark brown There was a 3 plus albuminuria 
as well as numerous red blood cells and white blood cells per high power field The scrum nonprotein 
nitrogen was 71 mg per cent The phenosulfonphthalcin excretion was 3S per cent at the end of two hours 
Urea clearance was 48 per cent of normal maximum The Donath-Landsteiner reaction was poMtivc 
Cold agglutinins were present in a titer of 1 to 160 and were more chcrmostabilc than the cold hcmolv in 
The clinical diagnosis was s}phihs associated with paroxvsmal Ccold) hemoglobinuria and renal im 

pairment 


CASE X 

E Cl H H,histor> number 414118) a 30 v car old Negress was admitted with the chiei c " 

Pliint of dark unne following exposure to cold The familv and past hi to-ics were m -'o- nb_u -x 

he present illness apparcntlv began two V cars prior to admission w Ith pe'ioJic attack ' 

cvclids lips periorbital tissues and fingers on exposure to cold This s vcllirg "as a s i.ia c_ svit ^ ^1 

"f the affected parts The swelling and'itching would disappear usuallv within rwe- V r 

T-iticnt became warm Such exposure to cold would occasuTsallv be a s >,iat'J wtt'’ - iL a 
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dominal cramps There was no nausea or vomiting One year prior to admission the patient noticed that 
her urine became red, dark, and almost black after chilling The urine would remain dark for only font 
to SIX hours The patient stated that her eyes had been yellow occasionally during the past winter 
Drinking ice water would result in a tight sensation in her throat No dark urine had been noted follow 
ing consumption of cold drink or food The physical examination was essentially negative except for 
slight pallor of the nail beds and mucous membranes The significant laboratory data were as follows 
The serologic test for syphilis was positisc There was a moderate macrocytic anemia The icterus index 
was 15 Cold agglutinins were present in a titer of i to 3x0 The urine was dark brown and guaiac positive 
There were occasional red blood cells and white blood cells per high power field The Donath Landsteiner 
test was positive The clinical diagnosis was syphilis associated with paroxysmal (cold) hemoglobinuria 
and angioneurotic edema following exposure to cold 
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THE EVENTS IN THE HEMOLYTIC CRISIS OF HEREDITARY 
SPHEROCYTOSIS, WITH PARTICULAR REFERENCE TO 
THE RETICULOCYTOPENIA, PANCYTOPENIA AND 
AN ABNORMAL SPLENIC MECHANISM 

William DAMtsHCK, M D and Marvin L Bloom, M D 

H ereditary spherocytosis (famihal hemolytic jaundice), although a 
chronic disease of var) mg seventy, at times takes on the aspects of an acute 
illness The patient, previously in fairly good health, suddenly experiences malaise, 
vomiting, fever and nausea Examination reveals an unusual degree of pallor In 
severe instances, a var)'^ing degree of shock is present For these acute episodes, the 
designation of hemolytic crisis ’ has long been used 
The cause of the crisis has not been determined If the disease is due simplj to 
the production of abnormal red cells, i e , spherocytes, and their removal by an 
essentially normal spleen, the crisis would have to be explained by a sudden great 
increase in maldevelopment of the bone marrow red cells This is hardly likely 
Both Doan'^ and Heilmcycr'® have postulated that the spleen is largely at fault, 
becoming unusually active during the crisis In a previous report of three cases of 
crisis occurring successively in members of the same family, one of us® noted 
a consistent reduction in leukocytes, platelets and reticulocytes It was speculated 
that this might be due to an unusual degree of splenic activity with inhibitory 
effects upon blood formation in the bone marrow In a more recent article, Ow- 
ren®® emphasized the pancytopenia and particularly the reticulocytopenia He sug- 
gested that the crisis could not be considered as hemolytic but was actually aplastic 
and stated that no proof of the hemolytic nature of the crisis was available The 
possibility that hypersplenic effects might be present was discounted 
Our observations in seven cases of hemolytic crisis have led us to cone u e t at 
the crisis is due to the combination of Ct) a. marked exaggeration o t e usua 
hemolytic mechanism with (x) arrested maturation of red cells in the bone marrow 
induced by a pathologically hyperactive spleen The marrow in crisis s ow no 
aplasia but rather maturation arrest of the nucleated red cells at the most primitive 
or erythrogonc level The dramatic and almost immediate effects of splcncctom)^ 
with the sudden outpouring of red cells, leukocytes and platelets indicate strong } 
rhat the marrow is fundamentally normal but that the spleen has exerte mar 'c 
inhibitory effects , 

It seems likely that the spleen, primarily a passive organ which remot es sp 
oytes selectively, at times becomes unusually active, thus lea mg to ot excc 

From the Ztskmd Laboratories (Hematology Section) of the Joseph H Pratt Diagnostic Hospital and 
the Dcparctncnt of Medicine, Tufts College Medical School 

Aided by grants from the Charlton Fund and the U S Public . sionatholo^ 
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^«ta,ned interest in hematologj and m the mechanisms of blood formation and destruction 
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phagocytosis and to hypersplcmc inhibitory effects upon the marrow The crisis 
may become so dangerous to life that emergency splenectomy may be required 
Following splenectomy no further crises develop 

Methods 

Hemoglobm For the most part, photoelectric colorimeter methods''’ tvere used, utilizing the Cenco and 
Evelyn instruments Fifteen and six tenths grams per 100 cc of blood were considered as the standard 
of too per cent normality 

Serum biltrubtn The method of Malloy and Evelyn®^ was used tvith determination of prompt and 
indirect types Values of less than i o mg of bilirubin per too cc were considered normal 
Fecal urobilinogen The average daily urobilinogen output, in a four day stool collection, was deter 
mined by the method of Watson 

Keticulocyte and platelet counts These were performed in the same preparations by the method of 
Dameshek ^ 

Free erythrocyte protoporphyrin This was determined by the method of Grinstein and Watson" after a 
period of observation and practice by one of us (M B ) in the laboratory of Dr Cecil J Watson, Uni 
versitv of Minnesota Medical School The number of extractions performed was in direct relation to the 
amount of fluorescence seen 

Plasrra or serum iron determinations The method of Kitzes, Elvchjem and Schuette*' was used 
Imrnnnohematologtc studs s Methods for the detection of circulating antibodies, including the use of 
bovine albumin as a diluent, were utilized as described by Nebcr and Dameshek Erythrocyte survival 
time studies were determined by a modified Ashby technic 

Hypotonic fragility The hypotonic fragility was determined in the earlier cases by the method of 
Daland and Worthley ‘ More recently, particularly in case B S , the photoelectric method of Suess, 
Limentaru, Dameshek and Dolloff^' was used 

Report of Cases 

In i 94 't fpc of us® described three cases of hemolytic crisis which occurred within the same family 
during a ten day period These two brothers and a cousin, all of whom lived in the same household,^ 
in common a seventy year old grandfather who was known to have congenital hemolytic icterus 
latter s son, who was the father of the first two patients, also had the disease , 

Case r D C M znd, aged 11, had been known to have chronic jaundice, anemia, and splenomeg y 
for several years Mild recurring attacks of fever, weakness, pallor, and increased icterus had 
about three times annually On April 13, 1938, the patient suddenly developed pain and vomiting ^ 
the following day jaundice and pallor were noted Physical examination revealed an acutely ill huy> ® 
dently in mild shock, who showed marked pallor and slight icterus of the sclcrae and skin The 
aturc was 103 5 F , the pulse rate 110-140 per minute There was moderate splenomegaly, the sp 
being felt 3-4 fingerbreadths below the left costal margin ^ ^ 

Examination of the blood showed hemoglobin, 36 per cent (Sahli), R B C , 1 15 W B C 
cu mm The red cells showed extreme spherocytosis and the average red cell diameter was 5 ^3 
On April 16 the red ceil count had dropped to 1 or M and an emergency splenectomy was 
The pauent was then given large (probably excessive) amounts of intravenous fluids an 
before and during splenectomy Immediately following operation, he developed pulmonary e t 
expired 

Case z R M Jr was a iz year old boy and the brother of the first patient Like his 
been known to have had congenital hemolytic icterus for several years He too had ha j^jS, 

(in the spring as a rule) of marked pallor and icterus associated with fever and malaise On Ji7iy 

he developed fever, malaise, headache, and left sided abdominal plain On the following ay jicgcocf'^ 
and weak Physical examination revealed a tcmpierature of 103 6 F , pulse rate izo/mmut , Jj^bo- 
appearance of acute illness, extreme pallor, slight jaundice, splenomegaly, and grave anemia 
globin was 30 per cent (Sahli) and the red cell count i zx M The white cell count was 3000 ^ 

Extreme spherocytosis was seen and the hypotonic fragility showed beginning hemo vsis 
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cent NaCl.hcmoh <;is b:ing complete at o 34 per cent NiCl At the heiglit ol the cnsi-., it was noted that 
the reticuloc) tes numbered onlj o 4 per cent Three transfusions at four hourl\ int<.r\ ils tverc given on 
April 13 with a resultant rise in hemoglobin to 70 per cent and in er) throt) tc count to 3 3 M Although 
clinical improvement was noted on the following morning, fifteen hours later, the red cell count had 
dropped to 1 56 M Splenectom) was then performed The next da) , sharp increases in both the hemo- 
globin and erj throe) tc levels were noted Upon discharge from the hospital on May 6 the hemoglobin 
"as gS per cent and the red cell count 4 46 M The subsequent course has been uneventful (sec table i) 
Case 3 Marjorie McN , aged 5, was the cousin of the first two patients and lived in the same house- 
hold Like the others she had been known to have congenital hemolytic jaundice and had had several 
episodes of apparent hemolytic crisis On April xi, igyS, she suddenly developed malaise and fever and 
complained of lower abdominal pain and headache 


Tadle I — Heniatohgtc Data, Case 2 (_R M. Jr ') 


Date 

RB C 

Hfib 

\VB C 

Plate 

lets 

Hypotonic 

fraRilit> 

Serum 

bihrubm 

Retie 

ulo 

cytes 

Remarks 




thou 

mil 

%NaCl 


% 



lions/ 

r* 

/c 

sands/ 

lions/ 

ms % 



cu mm 


cu mm 

cu mm 





4/LL/38 

4A3/38 

I 

30 

1 

3000 

1 1 

0 64-0 34 

5 1 

0 4 

500 CC transfusion 

I 00 a m 








4 00 a m 



1 





400 cc transfusion 

8 00 a m 

10 00 a m 

1- 54 

47 

3600 


1 



400 cc transfusion 

00 p m 

3 66 

69 





0 6 


3 00 p m 

4/14/38 

3 33 

70 



1 

1 



9 00 a m 

11 00 a m 

2. 56 

68 

! 




1 

1 

1 

Splenectomy 

500 cc transfusion 

t 00 p m 

4/15/38 

5 47 

93 



1 

1 


1 

4/2.6/38 

4 67 

89 




1 



5/ 6/38 

4 64 

98 







5 / 17/38 

3 71- 

80 

8300 

00 

1 


1 3 


6/14/38 

4 61 

89 


1 xoo 



I 6 


10/18/38 

5 06 

I ox 

7300 

I 113 

0 52-“0 a6 


I X 


2./2o/3g 

4 83 

95 

8400 

740 

0 60—0 04 


0 X 


4/ 17/40 

4 78 

93 

8900 

I 061 

0 56—0 4^ 

0 9 

1 4 



Examination rcvxalcd an acutely ill little girl, with marked pallor and slight icteres 
-as 103 F and the pulse rate lao per minute The splenic edge was palpable one fingerbreadth below 

The hemoglobin was 35 per cent (Sahli) The red cell count was i 7 M and 
per cu mm There was marked spherocytosis and the hypotonic fragility test showc g g 
at o 8a per cent with complete Lmolysis at o 30 per cent On the following morning, still at the height 

of the crisis, only o 7 per cent reticulocytes were found following which splenectomv was 

Two transfusions, of 300 cc each, were given on April 2-6 an /, f u, „,,i„ rnnvalesccnce 

performed The spleen weighed 350 grams and showed per cent and the 

was uneventful On May 4, the red blood cell count was 4 57 M, the hemog 93 ^ 

"hue cell count 10,2.0 Icr cu mm The subsequent course was characterj^ted by a 

mean red blood cell diameter and a diminution of spheroev tosis, although an -po 

fragility persisted The subsequent course has been uneventful (sec table z.) 
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Case 4 Mary D S , a 37 year old housewife, rsas admitted to the J H Pratt Diagnostic Hospital on 
April 14, 1944, complaining of marked weakness Pallor had been noted since December, 1943, and the 
patient s husband had remarked upon the presence of scleral icterus for about a year She had been asymp- 
tomatic, however, until April 8, 1944 At that time she developed malaise, generalized arthralgia and a 
shaking chill 

Examination revealed moderate feter, jaundice and slight stupor The pallor became increasingly 
prominent and was associated with increasing weakness On admission to the hospital there was barely 
perceptible icterus, a few petechiae in the region of the uvula and soft palate, and slight lyraphadenopthy 
in the axillae The heart showed a forceful apical impulse, and appeared somewhat enlarged to left A 
grade 11 systolic murmur was heard at the apex and was transmitted to the base of the heart The liver 
edge was tender and palpable 3-4 fingerbreadths below the right costal margin The splenic edge was felt 
3-4 fingerbreadths below the left costal margin The blood showed hemoglobin, 5 3 Gm (34 per cent), 
R B C 1 53 M, W B C 6600, reticulocytes o 3 per cent 


Table x — Hematologsc Data, Cast 9 (Al MrN ) 


Date 

RB C 

Hgb 

\V B C 

Plate 

lets 

Hypotonic 

fragilitj 

Serum 

bihrubm 

Retie 
ulo- 
cj tes 

Renmrts 


mil 


ihou 1 

mtl j 






lions/ 

% 

sands/ 

lions/ 

%NaCl i 

me % 

% 



CU mm 


CH mm ' 

CU mm ' 





4/14/38 

4 '' 2 - 5/38 

1 70 

35 

5000 i 

1 

1 

0 80-0 36, 




a m 1 

I 98 

35 

5600 


j 




P 

I 83 

31 

5000 





300 cc transfusion 

4/16/38 ! 

I 6i ! 

30 


0 6x-o 50^ 

i 


0 8 

4^17/38 

1 15 

58 



1 


Splenectomy + 3 °° 

1 






cc transfusion 

4/18/38 

4 II 

65 

XIOO 




0 8 


4/19/38 

4 04 

69 

17000 




0 3 


5/ 1/38 

4 60 

78 

1 




0 3 


5/ 4/38 

4 57 

93 





0 4 


5 / 17/38 

3 9 « 

71 





0 2 . 


6/11/38 

4 ii 

80 

13600 


0 60-0 16 

1 



7 /I 2-/38 

4 1-7 

78 



1 



9/13/38 

4 37 

84 

9300 

I 540 



I- 3 


1/10/39 

4 41- 

90 


I 580 

0 68-0 16 

1 



4/17/40 

4 46 

89 

7400 

1 471 

0 64-0 11 


3 7 

— — — 


Transfusions totaling 900 cc were given without reaction and the fever gradually su si 
sixth hospital day The reticulocytes rose to 5 4 per cent on the fifth hospital day No abnorro 
ing antibodies were found in the scrum (salt solution used as the diluent) yjif 

Splenectomy x\as performed on April xi, 1944 This was followed by an uneven were 

patient was seen last on July 3, 1947, at which time she was in excellent health Bloo ^ 

completclj normal except for persistent spherocytosis (sec table 3) Hemoglobin was ^ ^ M, 

cent), R B C 4 xi M, hematocrit 38 per cent, M C V 90, reticulocytes o 8 per cent, p 
and W B C ix,ioo per cu mm The scrum bilirubin was o 3 mg per cent (indirect) of 

Cast / H C a 14 year old white boy noted vague malaise about March 10, 1946 li 

severe headache and took a patent medicine containing acetanilid with some relie ,nd 

suddenlj developed sharp pain in the right lower abdominal quadrant, cramp-hke ^cvie 

sisting for several hours On March 17, the patient felt considerably improved but on 
episode of vomiting occurred On March xo his physician noted fever of 104 F ,a 
cough and marked flushing of the skin The patient was admitted to the hospita on t 
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On admission, he xsas acutcl) ill, and appeared weak, Hushed and slightly c>ai)ocic He was apathetic 
and modcratel) pale The oral mucous membranes appeared to be edematous and spongy Scattered rales 
aacre heard at the base of the left lung The heart rate aa as rapid but there aa as no ev tdence of enlargement 
and no bruits aaere heard Marked tenderness aaas elicited in the loaacr quandrants of the a oinen, p 
ticularl) on the right The spleen seemed soft and aaas palpable four fingerbreadths below the left costal 


Table 3 — Htwatolopc Data, Case 4 (Al D S ^ 


Date 

RB C 

Hpb 

BBC 

Platelets 

Scrum 

bilitubm 

Rcticulo 

C> tM 

Remarks 


tntlUons/ 
(u mm 

Cm 

thousands/ 
cu mm 

mtUious/ 
cu mm 

% 

% 


4/14/44 

1 53 

5 3 

6600 

084 

1- 3 

0 3 


4/15/44 

I 90 



188 




4/17/44 

1 06 

7 6 

6600 


1 9 


4/18/44 

1- 31 

8 1 

8400 

z68 


5 4 


4/10/44 

4/1-1/44 

1 95 

8 3 

4x00 




Splenectomy 

4/1-I-/44 

3 75 

10 5 

13300 





4/1-5/44 

3 35 

10 4 

15000 





4/1-7/44 

3 36 

10 6 

13100 





5/18/44 

4 31- 


16400 





4/13/45 

5 03 

14 4 

14500 


0 8 

0 3 

0 5 

0 8 


6/10/46 

7/ 3/47 

4 35 

4 1-1- 

14 6 

11 9 

16700 

moo 

705 

I 731- 

— 


Table 4 — Hematph$‘ 


Date 

RB C 

Hgb 

3/10/46 

mtlltons / 

CM mm ' 

3 10 

Cm 

8 9 

3/1-1/46 

X 40 

6 0 

3/1-I-/46 

1 8 

7 7 

3/1-3/46 

3/1-5/46 

3 8 

10 6 

3/16/46 

3 9 

9 7 

3/1-7/46 

4 7 

to 7 

3/x8/ 46 

4 1- 

10 9 

3/1-9/46 

4 0 

II 6 

3/30/46 

4 3 

10 9 

4/ 1/46 

4 4 

II 6 

4/ 3/46 

4 4 

II 9 

4/ 5/46 

4 3 

II 8 


Data, Case } <^H C') 


W B C 

Icterus 

index 

Reticulo- 

cytes 

Remains 

thousands/ 
cu mm 

9150 

30 

% 


3850 

5000 

11000 

30000 

40000 

35500 

10950 

14000 

17800 

17300 

xo 

0 1 

1 

1 

Splenectomy 

13800 


„ 

_ 


f rhe oacrla ing abdominal muscles A ques 
Margin It ^^as extremely tender and there was some spasm o Qn of a bilateral Babin'^Li reflex and 
tionabic bilateral Kcmig reflex aaas elicited, there aaas a R. B C 3 10 M W B C 9 

mcningismus was present Blood studies shoaved hemog o in, 9 gf admission It aaas found that 

The question of meningitis was considered seriouslj ont c attended bj improacmcnt On 

the patient had a rapidly progrcssiac anemia bean sized and nontender *1 fc" 

March zi, generalized la raphadenopath) aaas found - ..tre orcsent oacr the anterior chest, 

bleeding areas aaere noted in the oral mucous membranes, pctech.ac aaere pe 
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and a generalized morbilliform eruption had appeared The spleen was palpable four to six fingerbreadths 
below the left costal margin Icterus was not noted The blood examination now showed pancytopenia, 
1 c anemia, leukopenia, thrombocytopenia and reticulocytopenia together s\ith an extreme degree of 
spherocytosis Actual blood findings were hemoglobin 6 o Gm , R B C i 40 M, W B C 3,850, reticu 
locytes o i per cent 

On the basis of the above findings, the diagnosis of congenital hemolytic anemia in crisis was made 
Splenectomy was performed after four transfusions had been given ([two on the day of admission, one on 


Table 5 — Htmatologtc Data, Case 6 ON') 


Date 

RB C 

Hgb 

3VB C 

1 Plate 
lets 

Hypotonic 

fragility 

Serum 

bill 

nibin 

I’ll 

Retie 

ulo 

cjtes 

Remarks 


mil 


thou 

mtl 

1 1 


ml 

day 

% 



honsf 

Gm 

sandif 

hons! 

%NaCl \ 

ms % 



cu mm 


cu mm 

CU mm 





0 

0 

H 

z 61 

9 1 

3000 

0 XI3 

0 31-0 34 

I 8 




11/10/45 

X 7 X 

9 1 

8x50 


0 56-0 30 

z 0 




11 / 1 - 3/45 





0 56-0 40 



6 4 


ii/x8/45 

X 88 

10 4 


493 

0 sx-o 38 



10 z 


11-/ 5/45 





1 



9 3 


ix/xi/45 

X 8x 

II 0 

9450 


0 60-0 X4| 



9 1 - 


1/ 9/46 

1 91 

II 0 






9 1 


4/ 8/46 

3 

10 3 

9000 

8x0 

0 36-0 36 

I 4 


7 7 


5/ 4/46 






I I ^ 

1 



5/X0/46 

3 45 

11 0 1 

4550 


0 60-0 36 

I 4 




5/1-7/46 

3 89 

II 0 ; 

6900 



IZO 1 


Beginmng of minor 

6/ 3/46 

3 76 

11 - 3 

5100 1 

330 

0 60-0 34 

Z 0 1 


6 9 








crisis 

6/ 5/46 

3 1-4 

11- 3 

3300 



I 7 


7 6 


6/ 7/46 

3 59 

IX 7 

5350 


0 46-0 36 

3 3 


7 6 


/10/46 

3 1-1 

10 7 

6x00 


0 68-0 36 

1 4 


8 4 


6/X1/46 

3 48 

II 7 

5350 


z 0 

1050 

7 8 


6/X7/46 

3 33 

II 0 

4650 


0 46-0 34 

1 5 


8 I 


7/ 3/46 

7/10/46 

3 6 

11 - 5 

5000 




7 8 

Splenectomy + 

1000 cc blood 


7/11/46 

5 45 

15 I 

16900 







7/1X/46 

4 9 

15 1 

14000 


0 64-0 36 

I z 




7/16/46 

4 4 

14 1 

8x00 


0 68-0 36 





8/ 5/46 

4 1 

11- 5 

72.00 

500 



0 8 


io/xi/46 

4 3 

11- 5 

6750 

443 




0 6 


6/ 4/47 

4 5 

13 3 

6550 

907 


I 0 


I z 




the third day and another just prior to operation) The spleen was greatly enlarged and 
sory spleens were present The course after splenectomy was uneventful this was parucu a 
in Mew of the vety critical condition of the patient before operation from a kno'to 

Case 6 PON This x6 year old w Oman was first seen in October, 1945 Jiscase 

family of familial hemolytic jaundice and represented the fourth generation m whic t 

been known « a be m 

Intermittent jaundice had been noted first when she was 15 However, she seeme to ^ 
unul 1943, a few months after the death of her father of severe hemolytic crisis at t qucstio'’ of 

time she was two months pregnant She de\ eloped chills, feser and became iciy rUdunVcnifo-r 
malaria was considered but malarial parasites were not found The pregnancy pio«« 
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although a prrsistcnc jcllowish tint of the <;clcrac continued She comphined of fatigue, recurring dizzi- 
ness and some d)spnea on exertion 

Examination at this time during the sixth month of her second pregnancy elicited slight scleral 
icterus, moderate splenomegah, a systolic murmur oxer the precordium, minimal pitting edema of the 
ankJes and prctibial regions, and some superficial xaricosities of the lower extremities Examination of 
the Wood showxd R B C 3 10 M, hemoglobin 65 per cent, W D C 11,500 and marked spherocytosis w ith 
increased poljchromatophilia and reticuloc) tes The pregnane) was uncomplicated b) any untoxxard 
inadents and a normal child was delixered on Janurax 13, 1946 There xxas hoxxexcr continued fatigue 
and intermittent exacerbations in the chronic icterus Slight pallor, icterus and splenomegaly continued 
to be the outstanding ph) sical findings Representatixe serial laborator) findings arc recorded in table 5 
Case 7 The present stud) xx as initiated as the result of obserx ations in this case and most of the illustra- 
nve figures are based on the data obtained 

Bexerl) S , a 13 )ear old xxhite female of Portuguese origin, one of nonidentical txxins, entered the 
J H Pratt Diagnostic Hospital on Februar) it, 1947 She complained of fainting spells, xxeakness, chills 
and fexcr of three da)s duration About a xxeek prior to admission she xxas stated to have contracted a 
mild upper respirator) infection Four da) s before admission, her mother noted pallor On the folloxving 
day, the patient complained of dizziness, marked xxeakness and sex ere headache The temperature rose to 
104 F that exening She xomitcd greenish bitter material and had scxerc xcrtigo Nausea and vomiting 
persisted, and on the day of admission she xxas dizz) and xery xxeak 

About one month before this admission there had been an episode of right loxver quadrant pain un- 
associated xxith nausea or xomiting Although appendicitis xxas suspected surgery xvas not performed A 
xveck before admission another similar episode of abdominal pain occurred shortly after the onset of the 
last menstrual period This subsided quickly Sex eral da) s before admission, the local physician remarked 
upon the fact that the patient xxas jaundiced Neither dark urine nor light stools had been seen 

It was not possible to elicit any history of familial jaundice or anemia, either in the parents, grand- 
P^Tttits, close relatix es or in the fix e siblings * 

The patient had alxx a) s been noted to be considerably paler than her txvin brother She xvas a high 
school student and gave no history of exposure to chemicals or drug ingestion Fax a beans had been eaten 
occasionally by the family but not for about six months The past history xvas irrelcxant 

Examination on admission rcxcalcd an exceedingly xxcll dex eloped and xvell nourished girl xvho 
appeared very apathetic and critically ill, bordering upon shock She xvas droxvsy and hardly able to 
respond to simple questions There was marked pallor and slight scleral icterus The temperature xvas 
loop , pulse lio/minute, and blood pressure 105/50 The examination of the chest xvas negative The 
spleen xvas readily palpable two to three fingerbreadths below the costal margin The liver xvas not en- 
larged and there xvas no tenderness in the right upper abdominal quadrant Representatixe blood findings 
arc shoxvn in table 6 In brief, at the time of admission they showed hemoglobin 4 o Gm , C<a -5 
cent), R B C I 3 M/cn mm reticulocytes o o per cent WBC 15,500 per cu mm 

* Inasmuch as no evidence could be adduced in this case for the diagnosis of familial or hereditary 
spherocytosis, the reasons prompting our diagnosis of congenital spherocytosis deserve mention 

Detailed study of the parents, siblings and relatives xvas difficult because the patient came from a small 
toxxTi CProvincctow n) situated more than 100 miles from Boston 

Through the cooperation of the patient s family physician. Dr Thomas Perry, of Provincetoxvn, it 
was found that her father, tw in brother and the other txvo siblings show ed no abnormal ph) sical findings 
Blood smears which xvere forwarded to us for examination were within normal limits The mother xvas 
examined carefully but no significant physical or hematologic findings were eliated 

That the disease may be congenital and not familial has been noted, among others, b) olman an 
«e <'>The latter observer found one affected child in each of three families although neither the parents 
nor the siblings nor the close relatix es exhibited any ex idcnce of the disease 

Lack of immune iso-antibodies in the blood scrum, excellent clinical response to splencctorax, the 
persistence of spheroc) tosis, the normal surxixal time of transfused red cells before splcncctom) and the 
complete lack of anx cxidcncc indicating an acquired hemol)tic process of well defined ctiolog) tended 
support the initial clinical impression of an hemolytic crisis occurring in the cours^ of congenita 
^oljtic jaundice c\cn though CMdcncc of familial disease was cntireU lacking 
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Jaundice was not a prominent feature during the hospital course Very slight scleral icterus was noted 
during the first two hospital days after which it disappeared Transfusions of 500 cc , 400 cc , and 500 cc 
of freshly drawn and citrated blood were administered on the first, second, and third hospital days On 
the second hospital day there was slight improvement and following the third transfusion, the patient 
felt considerably better At the outset, microspherocytosis dominated the blood smear The reticulocytes 
were conspicuous by their complete absence during the first four hospital days despite the seventy of the 
anemia and the hemolytic process On the fifth hospital day, o i per cent reticulocytes were found and 
then a gradual rise took place to a peak value of 12. 6 per cent on the twelfth hospital day At no time 
during the fourteen days of hospitalization did the red blood cell count or hemoglobin concentration 
approach normal values Nevertheless, when she was discharged on March 7, the pauent stated that she 
felt as well as she ever had At that point, the following blood counts were present R B C z 76 M, hemo 
globin 8 3 Gm (53 per cent), reticulocytes 10 4 per cent 

The patient was followed at frequent intervals and was then readmitted for splenectomy, which was 
performed on April 16, 1947, by Dr C Stuart Welch Just before the operation the blood counts ivcrc as 
follows RBC z 61 M, hemoglobin 8 7 Gm (36 per cent), reticulocytes 10 4 per cent The postoperative 
course was uneventful 

On June Z3, 1947, the patient was asymptomatic and appeared to be in excellent general health At 
this time the blood counts were normal (RBC 4 66 M, hemoglobin 14 6 Gm ) When seen on September 
5, 1947, the patient was in excellent health and had gained considerable weight Her mother stated that 
she had never been so well (see tables 6-10, figures 1-8) 


Analysis of Data 

The Blood Picture 

In the report® from this laboratory in 1941, the following comment was made 
The re.duction in leukocytes, thrombocytes and reticulocytes in the cases reported 
here appears at first glance somewhat unusual since in the presence of an acute 
hemolytic process one would expect to find the evidences of increased regenerative 
activity on the part of the bone marrow, that is, leukocytosis, thrombocytosis 
and reticulocytosis As further observations augment experience with the hemo 
lytic crisis, in our own cases as well as in those reported in the literature, it 
comes apparent that pancytopenia and reticulocytopenia are usually present 
In case 7, no reticulocytes (figure ^a, table 6) whatever were found at the hcig 
of the crisis In fact, it was not until the fifth hospital day that the 
o 1 per cent reticulocytes was recorded A gradual reticulocytosis then occurr > 
reaching an initial peak of iz 6 per cent on the thirteenth day of observation^ 
Thereafter reticulocytosis was sustained until splenectomy was performed on t ^ 
fifty-fifth day of observation At the height of the crisis, there ^ , 

moderate thrombocytopenia and granulocytopenia (Z3 per cent segmente 3 


per cent band forms) although the total white cell count was 15,5°° 


cu mm 

By the fifth hospital day when reticulocytes were finally seen the thrombocyt 
and granulocytopenia had disappeared Thereafter no significant changes 
white cells or platelets were noted until the postsplenectomy period w e 
peered thrombocytosis and granulocytosis occurred The platelets a 


ex 


tinued at unusually high levels . ^.gses, 

The opportunity for such detailed studies was not afforded in the ot^ ^ncral. 
most of whom were seen under less ideal conditions for investigation 
however, these patients pursued a course quite similar to that of the ^j.j5is 

Thus in case i, anemia and leukopenia were present at the height 0 
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59 4/10/47 3 4 141C0 54 8 I 8 15 o 
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4/ii/^7 34 3 3 8100 55 4 ' ® ^3 S 
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84 4/15/47 3 7 10 4 6ico 41 3 '^3 II 1 
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74 5/ 5/47 3 6 II o 68 co 45 ^ ^ ^ ° 

78 5/ 7/47 37 no 9600 59 1 ^ ® 3 ^ 
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ICO 5/31/47 ^ ^ II I 11700 56 5 ^5 ° 5 

'’•3 |8/i3/47 4 7 14 6 8100 57 ^3 ^ ^ 

^97 9/ 5/47^ 4 ^ J j 51 6 II ^ ^ 

*Thc first day of obscraation coincided with the height of the hemolytic crisis Transfusions 
500 cc . 400 cc , and 500 cc of freshly drawn and curated blood ssere administered on the farsc, 
nd, and third hospital day s Splenectomy avas performed on the fifty -fifth day of obscraation 

^case X, anemia, leukopenia and reticulocytopcnia (o 4 per cent) were present 
postoperative period was characterized by a great outpouring of red blood 
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cells and platelets, unfortunately, reticulocyte and other blood cell counts were 
not available for adequate comparison In case 3, reticulocytopenia (o 7 per cent), 
anemia, and leukopenia were present during the crisis Following splenectomy the 
red blood cell count rose precipitously and leukocytosis occurred but no parallel 
reticulocytosis was seen In case 4, reticulocytopenia (o 3 per cent) was present 
during the crisis, in addition there was marked anemia, thrombocytopenia and a 



Fig I C\se 7(B S) Peripheral blood at the height of crisis, shov/ing the predominance of m 

spherocj tes 

normal or somewhat leukopenic white cell count of 6,600 By the fourth 
slight reticulocytosis of 5 4 per cent was present and thrombocytosis was eve 

Splenectomy was followed by a sharp rise in erythrocyte and leukocyte 
but the data regarding reticulocytes and platelets are inadequate In case 5, a" 
leukopenia, and reticulocytopenia (o i per cent) were present during 
the blood platelets were definitely reduced on smears In case 6, 
hemolytic crisis, the reticulocytes were increased to about 7 per cent 
was a definite leukopenia of between 3300 to 5300 
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Extreme sphcroLV tdsis w is 111 (Uitstmilinq fcitiirc of the ensis in .ill our c.ises 
There i\as \cr\ little e\ alcnee of the hiph isie t\ jx: of hlooJ eell pieture seen when 
large |XDl\chromnophilie rcticuloe\ tes ire iKo j'-rcsent The pieture is strikingly 
similar to tint seen in the acute hcmoKtic ineinn produced exixriincntally by 
large doses of hemoh tic antiserum '' 



^ Case 7 (B S) Bone marrow at the height of crisis showing the accumulation of primitive 
^hroblasts (pronormoblasts, crythrogones) and lack of maturation The small mononuclear cells are 

In Case 7, the Pnee-Jones curves (^figure 6, table 8) of the red cells at the height 
0 the crisis (and before transfusion) demonstrated that about 50 per cent of the 
blood cells had a diameter of 4 8 micra or less, almost all the red cells had a 
lameter of less than 7 o micra Seven weeks later and just prior to splenectomy, 
37 per cent of the red cells were 6 4 micra in diameter, and X5 per cent of the cells 
a diameter of 7 z to 8 8 micra Five days after splenectomy, and probably due 
^^^it^ional release of reticulocytes into the peripheral blood, there was a 
'onite secondary peak at 8 o micra This latter figure represented the diameter of 
^ per cent of the cells, although over ao per cent still had a diameter of 5 6 micra 
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Table 7 — Bturly S Special Studies 
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Fig 3 Case 7 (B S ) Peripheral blood five days following the height of the decrease 

the appearance of increased numbers of larger red blood cells and the relative or abso u 
tnicrospherocytcs 
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or less Five months nftcr splcncctomv the Pricc-Joncs’ eurve showed a mam j>eak 
(39 per cent of cells') at 6 ^ mien with 1 \\ iilc base due to the persistence of sphero- 
qtes 

That the small red cells are trulv spheroevtes is borne out, not only by their 
niicrocjtic character and their abnormallv dense ap]\:arance in the stained blood 
smear, but bv their greath decreased resistance to hypotonic solutions of sodium 



^ Pjo 4 Cash 7 (B S ) Bone marrow five days following the height of the aisis Active progressive 
*turation of the normoblastic series is demonstrated 

^oride All our cases of hemolytic crisis showed a greatly increased fragility 
ccasionally, slight hemolysis has even been noted in concentrations of sodium 
^ oride solution approaching that of normal saline Extensive studies of hypotonic 
kagihty were made only in case 7 (tables 1-4, 7> figure 7) in which the detcrmina- 
^ons Were carried out by means of our newly devised photoelectric method 
y Ais method, curves of hemolytic increments, somewhat similar to Price-Jones 
'^''cs, are obtained These indicate graphically the different types of red cell 
population according to their thickness variation 
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The blood picture immediately following splenectomy showed a dramatic in- 
crease in all the cellular elements In fact the rapidity of increase of the red cells, 
white cells and platelets suggested a sudden outpouring of these cells from the 
marrow to the blood (figure 9) 


Bone Manow Picture 

Studies of the marrow by aspirations were performed in cases 3,4, 6, and 7 
The relative time of marrow aspiration differed in these cases As already men- 
tioned, the conditions for study were ideal only in case 7 However in case x, 
marrow was obtained at the height of the crisis and showed a maturation arrest 
type of erythropoiesis, closely similar to that seen in case 7 
Frequent aspirations of the sternal marrow both during and after crisis were 
carried out m case 7 At the height of the crisis, when no reticulocytes were found 


Table 8 — Ktpr<sentatn( Erythrocyte Dt mutters tn Cast 7 C-B S')* 


Diameters in rmcra 

2/21/47 

4/14/47 

i 

4/21/47 

9/5/47 

First smear at height 1 
of crisis before 
transfusion 

Two dajs pnor to ! 
splenectomy 

Fi\e days folloninB 
splenectomy 

Fi\e months (oUowme 
splenectomy 


% 

% 

% 

% 

3 

o 8 

0 

0 j 

0 

4 ° 

9 6 

0 

1 ^ : 

0 4 

4 8 

39 X 

18 0 

8 4 

9 ^ 

5 6 

31 6 

xo 0 

13 6 

18 0 

6 4 

15 X 

36 8 

34 0 

38 8 

7 X 

X 0 

IX 0 

XO 0 

18 4 

8 0 

I 6 

IX 4 

IX 4 

14 8 

8 8 


0 8 

! I 6 

1 

0 4 


* Marked microcytosis dunng crisis indicaung extreme degree of spherocytosis and mere 
in size of red cells prior to splenectomy after ternunauon of crisis 


in the peripheral blood, the marrow preparations showed increased cel u ari^^ 
(figure x) Granulocytopoiesis was active and the megakaryocytes were 
both in number and in platelet production However, there was a striking a 
mality of erythropoiesis, indicated by a complete lack of mature orthochroni 
normoblasts (Normoblasts ‘C ) (figure x) The great majority of the 
red blood cells were of the primitive variety 1 e erythrogones or pronorroo . 
There were only small numbers of basophilic and polychroraatophilic normo 

(types A” and B ) (see table 9, figures i and x) distinct 

From these observations, it was apparent in this case that there was ^ ^ 
maturation arrest of the erythropoietic tissue at or just beyond the cryt ^ 
(pronormoblast) level On the fifth day, coincidentally with the 
few reticulocytes, another sternal puncture was performed This grtjio- 

blastic erythropoiesis with adequate numbers of polychromatophihc an^^ 
chromatic normoblasts, indicating that the arrested maturation ha 
(table 9, figures 3 and 4) In four subsequent marrow aspirations, cryt 
continued to be hyperactive and no further evidence of maturation arre 
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Ifmfwo/Mologtc Fw^wt^s cU F.n three) tr Surt n ^1 Tn„c 

SrnJics of the ,orum for imn.unc Jt 

ease 7 In the first four cases imnuinc hoJics ucrc scirchct or 

solution as a diluent, but in none of these S ) iso-anti- 

hemohsins discovered in tlic serum In cases 6 , C ) ^ diluent 

bodies'vvere discovered with the use of bovine a bum.n 

whereas negative results had been obtained discovered 

an abnormal autohemolv sin and isohcmolv sin, c g rhe termina- 

with the use of bov me albumin as a diluent 

tion of the crisis The surv’ival time of transfuse rTnrr- before splenec- 

after splenectomj (F igurc S^) The curve of re cc 

tomy was definitel) abnormal and cxponentia red^ cells indiscrimi- 

mal antibod) present was capable of dcstro)ing . Jl 1 became 

narcly, mclujmg the p«.cnt s Follow, ng spicoccromy the 
normal again, coinciacntalh with the disap|x:arai,cc of abnorro V 

c..., .f N.W M 

^ — ■ ; ~ i T TFT I Poivrhromato Orthocliroma 


Date 


Granulorj tc 
cn ihroblast 
(O it ratio) 


^■/ 2 -i /47 

V17/47 
3/ 5/47 
4/17/47 
4/1-5/47 
9/ 5/47 


3 I 
1 2. 

1 I 

1 5 1 

1 5 1 

I 3 I 


Eo t'lropo'''" 

pronormobla^ts 


79 

3 
7 
7 

4 
4 


na'opbibc 

normoblast 

( A’) 


10 
8 

11 

39 

8 

2.6 


Pol>chroniato 
nhihc normoblast 

("B”) 


% 

I 

48 

55 

6 x 

40 

59 


Orthocbromatic 

normoblast 

( ‘C”) 


% 

o 

41 

1-7 

IX 

48 

II 


Aimnct* iTniiiccli 3 -tcly following 
The blood group of case 7 was B, Rh . positive blood 

admission she was given a transfusion of 500 second hospital 

with added A and B group specific substances ( given with 

day a transfusion of 400 cc of fresh group , P -pA^j-uig the third hospital 
added A and B (Witcbsky) group specific i-ive blood, was given 

day the last transfusion, 1 c of 500 cc of fresh type , Pime of the trans- 

No reactions occurred with any of the transfusior^ technic’® and found to 

fused Group O red blood cells was studied by t c s connection with 

be normal, 1 e , ixo days (figure 8 b') No ^^Ps did not appear to be 

the splenectomy and the disappearance of the trans ^ hemolytic crisis 

affected by the splenectomy (see figure 8 b) Thus ^ ^ rv-rhaos indicating some- 
differed radically with respect to red cell survival tim , F 

what different mechanisms 

Btlmibw and Urobthmgm available 

Jaundice was not an outstanding feature of *" , other blood studies 

data concerning serum bilirubin, have been ta ate w 
in each case (see tables i and 7) 
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Determinations of the fecal urobilinogen were performed only in case 7 Due 
to various technical difhculties, this patient’s stools were unfortunately discarded 
during the first eight days of her hospital stay A four day stool collection was 
obtained during the succeeding period, when the hemoglobin varied between 7 8 
and 8 5 grams per 100 cc At this time the fecal urobilinogen excretion was 155 



" — ' Ttm0 tm -• 

Fio ja Case 7(8 S) Graphic representation of two hundred day period of observation, showing 

variations in the significant serial studies The lower graph describes the fluctuations in erythrocyte 
protoporphyrin and scrum iron values 

milligrams per day This is a definitely high value when related to the hemoglobin 
concentration, corresponding roughly with the excretion in a normal girl of about 
500 mgs per day (normal 100-150 mgs per day) This indicated an approximate ) 
threefold increase in blood destruction at that time Since the patient was impfO'^ 
ing at that time, it seems reasonable to assume that the fecal urobilinogen outpu 
during the first eight days may have been even greater The two determinations 0^ 
fecal urobilinogen obtained during the postsplcnectomy period were within norma 
limits 
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Erythrocyte Protoporphyrin 

The normal range of concentration of free protoporphyrin in the intact circulat- 
ing erythrocyte has been determined b\ Gnnstcin and Watson'" to be between 15 
and 40 gammas per 100 cc of red blood cells, the usual normal value is in the 
vicinit) of 30 gammas per cent or low’cr 



^ 5^ Case 7 S ) Close-up of certain values in the first fifteen days of the clinical course 

Serial determinations of free erythrocyte protoporphyrin CEP) were obtained 
in ease 7 (table 10, figure 5) At the height of crisis, at a time when reticulo- 
cytes were completely lacking, the EP was 87 8 gammas per cent, well above nor- 
^ This was perhaps due to an increased erythropoietic activity just prior 

° t e development of the crisis As recovery from the crisis progressed and reticulo- 
^ytes appeared in the blood (coincident with marked marrow er>-thropoiesis) the 
concentration rose rapidly, reaching peak levels of 2.92. gammas per 100 cc 
1 the twelfth day of observation, the EP gradually decreased until on the sixtj - 
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eighth day it reached a normal value of 15 gammas per cent Following this, it was 
found that a state of hypoferrcmia had developed This was mirrored, soon later, 
by a definite increase in the EP Following the administration of ferrous sulfate, the 
EP fell again to within normal limits 



Fig 6 Case 7 (B S ) Pncc-Joncs curves of representative blood smears during the clinical 


Scum Iron 


The concentration of serum or plasma iron and its normal range has been 


by several investigators^^ 
gammas per 100 cc scrum or plasma 


as ranging 


between approximately 50-^ 


In case 7, B S , a serum iron determination at the height of the crisis 
gammas per 100 cc concentration, 1 e , at the lowest range of norma ity 
10) The patient was not given iron therapy at this time, her only 
being through an unrestricted diet and three transfusions After t c^r 
had been given, a value of 80 gammas per cent was obtained During t e 
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(presplcncctomy) jxrnod, this compantivc plateau of scrum iron values seemed to 
have no correlation with the great fluctuations in free cr\ throcyte protoporphyrin 



Fig 7 Case 7 (B S ) Corves or Hitotonic Fragility 

Two methods were used to determine the curves illustrated above These differed only in detail 
c involves the use of ig tubes containing 19 serial saline dilutions from o 80 to o o per cent NaCl In 
Mch of these the per cent hemolysis was determined, using the Evelyn photoelectric colorimeter The 
CT Uses onlj^7 tubes, contsiining the dilutions which have been found to be most critical o 8o, o 56, 
° 48. o 44, o 40, o 3X and o o per cent The graph of the normal fragility shows curves from both jte 5 = 
methods, the solid line indicating 1.9 diluuons and the dotted line, 7 dilutions Graphs I, H, III, and \ U 
Qcpmt ig tube studies, whereas IV, V, and VI show curves from the 7 tube test 

c hemolytic increment means simply the change in degree of hemolysis from tube to tube as >730- 
tonicitj increases (from abote, downwards) Therefore, at each point of changing saline concentration, 
t = per cent hemolysis is obtained by the Es elyn photometer, this is compared w ith the per cent hemol) sis 
^bc prcMous tube, and the per cent difference, or the hemolytic increment, is obtaine 

^^wever, two days following splenectomy, a value of 90 gammas per cent Mas 
® taincd, that this was followed by a sharp drop of the scrum iron value to 10 
gammas per cent (marked hypoferrcmia) At this point the EP values had reached 
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normal limits and it was predicted that, on the basis of the hypoferremia, the EP 
concentration would rise This actually occurred (table 10, figure ^a) 

Ferrous sulfate was then given, and a significant rise in scrum iron occurred It 
is possible that the drop of the serum iron value was due to the continued deple- 
tion of the depot iron stores by the persistent demands of hyperactive erythropoicsis 
coupled with menstrual iron loss 


Discussion 


The Hepjolytic Crists of Hereditary Spherocytosis 


Familial spherocytosis is characterized by a chronic hemolytic anemia of variable 
seventy in which spherocytosis and increased hypotonic fragility are prominent 
features 

The chronic course of the disease is often punctuated by minor and major ex- 
acerbations in the intensity of the hemolytic process Minor episodes are charac- 
terized by malaise, low grade fever, increased pallor and icterus These episodes 
last a few days or a week, subside spontaneously and quickly, and in fact often go 
unrecognized 

The major exacerbations may be so severe as to endanger life Beginning like an 
acute febrile illness, they progress rapidly with the development of abdominal 
discomfort, marked pallor, dizziness, nausea and vomiting, chills and fever 
Diarrhea may occur and discharges of bile and grossly bile stained stools may be 
present During the height of the crisis, the patient may go into shock or a shock- 
like state, stupor and syncope are common Examination reveals an extremely sick- 
looking person, who is markedly pale but only slightly jaundiced The pulse is 
rapid and feeble and the blood pressure is often low with a low pulse pressure The 
spleen often becomes considerably enlarged, as compared with its previous size, 
and is frequently tender 


The management of the crisis has been described in a previous paper ® The use 
of fresh whole blood is of paramount importance Transfusions not only add red 
cells but have a well-defined effect on the blood (and plasma) volume The sudden 
lowering of the red cell count to levels of 3 5 M to i 5 M may result in the symp- 
toms of shock Therefore, appropriately spaced transfusions may be life-saving 
It should be noted, however, that transfusions probably have little if any effect 
on the mechanism of the crisis itself, and may well be overdone (Ovcrtransfusion 
was probably responsible in large part for the fatal determination m case i 
By the judicious use of transfusions and intravenous fluids, an adequate prepara 
tion of the patient for splenectomy is possible This type of management resu ^ 
in a quieter and less toxic' patient, and thus in a far better surgical risk an a 
smoother convalescence 

Another remarkable feature of the hemolytic crisis is its occurrence m 
cession in several members of the same family Scotf*a reported in 1935 ^the scr^ 
onset of acute blood crises in an entire family In Dedichen s senes,' ^^P°^ 
in 1937, 13 members of z neighboring families living in a small town in o 
developed crises within a few days of each other One of us® in 194^ j^crcr> 
three cases of familial crisis occurring within ten days In 1945 > 
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Kirkpatrick and Lcjs-' reported hemolytic crisis in the mother and four children 
of a famil} of eight, and also in the mother s cousin who lived nearby In these 
cases, too, the illness develo|x:d in rapid succession in one individual after the 
other A few da) s as a rule elapsed between the onset of the crisis in the various 
cases 

The occurrence of the crisis in several members of one family and, in two in- 
stances, in neighboring families, has naturally led to investigation for an extrinsic 
cause for the crisis Thus, in Dedichcn s large scries,'- it was suspected that some 
sort of highl)" contagious respirator) infection was responsible, at least for initiat- 
ing the crisis This appeared to be substantiated by the development of an acute 
febrile illness in one of the siblings who did not have the congenital hemolytic dis- 
ease and during the pieriod when the others were having hemolytic crises Horne 
(t a] -1 placed a ferret in the home of their first famil)’’ to develop crises in the belief 
that a virus infection such as influenza might be the responsible agent The ferret 
was returned to the laboratory and died shortly thereafter, with symptoms of a 
nasal discharge and conjunctivitis 

The occurrence of the crisis in families, with ‘incubation periods of a few days 
between cases, is strong presumptive evidence that an infection is responsible for 
at least initating or precipitating the crisis However, since no real proof of an 
infectious etiology has been adduced, it is also possible that no infection is present 
but that fever, rapid pulse, headache, malaise, nausea and vomiting are the results 
of rapid blood destruction alone 

A final feature of the hemol)'’tic crisis is that it occurs only in the presence of a 
spleen, i e , following splenectomy, crises either do not occur or are extremely 
nnusual This is another indication of the importance of the spleen in imtiating 
crisis (cf below) 

Lowe-® who studied a case during crisis, in which the red cells, hemoglobin, 
and reticulocytes continued to diminish despite therapy concluded that suppres- 
sion of marrow function might be responsible Unfortunately, studies of the marrow 
Were not performed In the cases of Home ct al ,-' mentioned above, in which 
complete lack of reticulocytes was reported at the height of the crisis, a marrow 
examination was performed in only one case and then on the eleventh day of ill- 
ness when the patient was improving These authors referred, however, to a state- 
lucnt by Josephs, who believed, on theoretical grounds, that a depression o 
niarrow activity might be vital to the pathogenesis of the crisis 
Owren®® m a recent comprehensive article reported crises in six cases of con 
genital hemolytic jaundice and also stressed the occurrence at the height o t e 
crisis of leukopenia, thrombocytopenia, and reticulocytopcnia He was able to 
study one case before, during, and after crisis and obtained serial examinations of 
Wood and marrow Owren concluded that there was an erythropoietic aplasia 
uring crisis He believed that the sudden drop in red cell count occurring in crisis 
could be adequately explained on the basis of an aplastic reaction on the part 
of the eiq^hropoictic tissue and went so far as to deny that the factor of hemolysis 
P ^yed any role whatever in the crisis He suggested that the term hemo ) tic 
Or the crisis be dropped 
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Serial punctures of the marrow in case 7 indicated that the marrow reaction 
passes through several distinct stages which could be correlated with the reticulo- 
cyte picture During the height of the crisis, when reticulocytes were lacking, the 
marrow (figure x, table 9) showed a nucleated red cell population consisting al- 
most entirely of the most primitive cells, 1 e , erythrogones (pronormoblasts) and 
some basophilic normoblasts Several days later and simultaneously with a slight 
increase of the reticulocytes in the blood, there was a complete reversal (figure 4, 
table 9) in the marrow picture Most of the nucleated red cells were of the poly- 
chromatophilic (‘ B”) variety Later, as the reticulocyte peak had passed and the 


Table lo — Serial Erythrocyte Protoporphyrtn and Serum Iron Determinations in Case y S') 


Date 1 

Day of obser | 
\ation 

* Ery throcj tc j 
proto^rphyrm 

Serum irou 

Remarks 



gammas per JOO cc 1 
packed RM C 

commas % 


2-/X1/47 

1 


1 


1/2-3/47 

X 

87 8 

Period of crisis 

1/15/47 

5 

83 3 

) 


1/18/47 

8 


80 

Postcnsis 

3/ 3/47 

II 


80 


3/ 4/47 

iz 

0 



3/13/47 

ZI 

137 6 

50 


3/14/47 

31 

109 X 

Splenectomy April i6 

4/14/47 

53 

65 0 


4/17/47 

56 1 

90 


4/ 19/47 

58 

47 3 



4/11/47 

60 


10 


4/16/47 

65 

44 0 



4/18/47 

67 



4/19/47 

68 

15 0 

1 


5/ 1/47 

70 


30 


5/ 3/47 

71 

78 5 



5/ 5/47 1 

74 


50 


6/13/47 

113 


115 


9/ 3/47 

197 

30 0 

150 

— — 


marrow picture was that as ordinarily seen in congenital hemolytic jaundice, nios 
of the normoblasts (table 9) were of the mature variety Thus the reticulocytop^ ^ 
of the crisis could be explained adequately by a maturation arrest of the nuc ca 
red cells of the marrow at the erythrogone level, with a resultant lack in the pr 
duction of mature non-nucleated erythrocytes * 

* The large primitive red cells seen in the crisis have been referred to by some observers 
blasts The concept of what a mcgaloblast is has been confused in the literature, in our a ° yhe 
term is used for the nucleated red cell scries as seen typically in pernicious anemia and re ate s^^^ 
nucleus of the megaloblastic cell retains a relatively primitii c chromatin mesh (ivhich djscusse<l 

reticulum cell) until )ust before pyknosis The identity of the megaloblastic scries Ms jor 

by Jones “ Our studies indicate that the preponderant nucleated red cell seen m the ne 
ing crisis — IS not a mcgaloblast but is a primitive red cell of the erythrogone (pronormo 
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The maturation arrest of the nucleated red cells in the bone marrow is apparently 
not paralleled by an arrested maturation of the granulocytes, which indeed appear 
to be increased in number, both in an absolute as well as t relative fashion Fur- 
thermore, the relative proportions of the di/Ferent types of granulocytes in the 
marrow are within normal limits, suggesting that a maturation defect of these 
cells IS Jacking These findings in the marrow, in association with the leukopenia 
and granulocytopenia of the peripheral blood, might indicate that a block 
phenomenon is present, 1 c , although maturation of the granulocytes is proceed- 
ing m a normal fashion, the mechanism controlling their delivery from the bone 
marrow to the blood is perhaps defective 
Such a phenomenon occurs typically in various types of splenomegaly in which a 
possibly exaggerated activity of the spleen, 1 e hypersplenism, is present 


Table ii — Comparison of DlooJ Coimts Jnrstig Crists m the Scuii Cases 


Case 

R B C 

W B C 

1 Reticulo 
cytes 

1 

1 Remarks 

1 


mtllionsfcu 

mm 

ifiotisajidslcu 

mm 

1 % 


I D C M Jr 

1 xs 

3800 

— 


U R M Jr 

I XX 

3000 

! 0 4 


ni M McN 

I 7 

5000 

0 7 


rv Mary D S 

I 53 

6600 

0 3 


V H C 

X 40 

3850 

0 I 


VI p ON 

3 2-4 

3300 

7 6 

1 

Minor hcmolyuc 

VII B S 

I 3 

15500 

30% gran- 
ulocytes 

0 0 

ensis 


This is present in such diverse conditions as portal hypertension (cirr osis o 

liver), chrome infectious splenomegaly, including malaria, syphilis, tu er j 

rheumatoid arthritis and Boeck s sarcoid, Gaucher s disease, various prima y 

plasms of the spleen, and finally in many cases of idiopathic sp enomega y 

Leukopema, neutropenia and thrombocytopenia, 1 c pancytopenia, arc p 

although the bone marrow itself is hyperplastic Occasiona ° 

splenic hemolytic anemia show low reticulocyte counts wit ^ ^ 

Diaturation arrest of nucleated red cells at the erythrogone level t esc a , 

^nd from an analogy with other instances of hypersplemsm, we a , 

the conclusion that the hemolytic crisis is based on a suddenly eve , 

Th„, ■„ turn, may be of .nfcctious ongm No aefimte 

infection has been advanced as yet, but the occurrence of ^ mntends 

, •' , r noan*^ ‘ contenas 


same family is strong presumptive evidence of this possibihty Doan result 

Aat the splemc hemolytic mechanism may be readily unbalanced with the re^ 
t at numerous minor crises may develop during an indivi ua s 1 
^ight d evelop^ for example, in the presence of cer tain acute in cctio 

maturanon occurs bej ond this pnmrtn c stage is productive of a normoblastic and not of a mcgalo 
tj-pc of erythropoiesis 
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Fio 8a Case 6 (P ON) Survual studies (Ashby technic) during crisis and after splenectomy The 
red cell survival time was diminished during crisis, and became normal after splenectomy 



Ic IS possible that the postulated splenic abnormality leads Ircssi''^ 

in hemolytic activity with resultant extreme spherocytosis and rapi Y 

i, and (b) to various inhibitory hypersplenic” effects Such c cctsu 


anemia. 
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bone marrow might result in, (a) a block” phenomenon in which granulocytes 
are prevented from being delivered normally to the circulating blood, (b) a re- 
duced production of platelets from megakaryocytes and, (c) in maturation arrest 
of red cells at the er)'throgone (pronormoblast) level These phenomena would 
lead to reticulocytopcnia, leukopenia, granulocytopenia, and thrombocytopenia 
Thus, the various features of the hemolytic crisis may be conceived of as being due 
to an extreme degree of hypersplcnism, causing simultaneously both excessive 


COMPARATIVE BLOOD COUNTS ^ 

BEFORE a AFTER SPLENECTOMY 


R8C WBC Phttlffj fir*>cvhcyfn 



Fig 9 Comparative blood counts before and after splenectomy in cases 3-€, 7 The darkened jwrtions 
■■epresent the period immediately preceding splenectomy In the white columns arc the values obtained 
^•'vncdiatcly following splenectomy Reticulocyte and platelet determinations are included only in case 7 

hemolysis and maturation arrest of the nucleated red cells This would naturally 
ead to an extremely rapid development of anemia (figure 10) 

The exact mechanisms by which blood becomes destroyed during the hemol} tic 
^tisis remain quite obscure There is no evidence of intravascular hemol} sis as 
indicated by hemoglobincmia and hemoglobinuria The finding of abnormal is(> 
antibodies in two of our cases (autohemolysin in case 6, autoagglutinin in sma 
concentration m case 7) suggests an immune body type of autohcmolytic actn it) , 
described in previous papers 

This IS confirmed by an abnormal survival time of transfused red cells in our 
Case 6 Nq evidence of er}’^throphagocytosis is evident in the studies o sp cnic 
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histology The chief histologic feature of the removed spleen is the great ‘ pooling” 
of blood within the pulp which shows large numbers of ghost cells and cells in 
various stages of hemolysis with the sinusoids appearing to be almost empty It 
would appear that the blood has largely left the sinusoids for the pulp where it 
IS trapped ’ It is possible that an infection may so alter the capillary permeability 
of sinusoids that blood “leaks” from them into the pulp where various mechanisms 


“Trigger ’ mechanism (infection?) 

i 

Spleen 

i 

Splenic abnormality (hypcrsplenism) 


A Direct effects 


Increased hemolysis 


Anemia 


\ 


\ 


1 


B Indirect (inhibitory) effects upon bone marrow 


I 

R BC 

i 

Maturation atrest 

i 

Reticulocytopenia 


Anemia 




Severe anemia 


WBC 

i 

Blocked delner}' 


Leukopenia 

Granulocytopenia 


- — >• Pancytopenia ■' 

Fig 10 — The Hemolytic Crisis 


1 

Megakaryocytes 

I 

Platelets 

Diminished matoratioa 
and delivery 

i 

Thrombocytopema 


such as erythrostasis, mechanical trauma, and abnormal antibody activity m S 
combine in the destruction of excessive numbers of red cells 
We do not believe, as Owren®® maintains, that the events in the 
crisis can be explained on the basis of a suddenly developing marrow 
In the first place, the marrow is by no means aplastic Secondly, 
is evidently capable of an extremely rapid increase in activity when t 
has been removed This is borne out by the sudden rise in red cells, white 
platelets which occurs after splenectomy This is due, we believe, to t ^ 
of a highly deleterious organ, having inhibitory and phagocytic ^yhich 

more, Owren’s concept does not explain the extreme degree of spheroq 
regularly occurs during cnsis and which indicates, according to our mve 
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a marked degree of hemolytic activity Studies of the fecal urobilinogen should 
settle this problem These were not carried out by Owren, nor m our own series, 
eveept m case 7, where it was distinctly elevated Dr Jonah Li (University of 
Oregon Medical School) recently studied a family of five individuals having 
hemolytic crises occurring within ten days of each other All the cases showed 
blood pictures similar to those described above, with extremely low reticulocyte 
values In two cases, fecal urobilinogen determinations at the height of the crises, 
showed values that averaged approximately 1500 mgs per day, 1 e , about zo 
times the normal value, taking into account the severe anemia At the termination 
of the crises, the fecal urobilinogen values became very low 
A final indication of the direct relationship of the spleen to the crisis is the com- 
plete disappearance of all tendency to crisis following splenectomy Whereas be- 
fore operation the red cell count is subject to well-defined and even to marked 
fluctuations, this does not occur following operation Spherocytosis continues to 
be present but the sudden extremes in this abnormality in association with a greatly 
increased anemia, do not develop This is another indication that the spleen has 
active influence in blood destruction and in initiating the various events of the 
hemolytic crisis 

The Possible Pelation of the Events in the Hemolytic Crisis to the Normal Hemolytic 
Activity 

The sudden development of extreme spherocytosis and extreme red cell destruc- 
tion in the crisis suggests strongly an extrinsic activity, 1 e , a factor outside the 
marrow resulting in changes affecting the non-nucleated red cell The theory most 
commonly held for the spherocytosis of the familial disease is that it is the product 
of an abnormal type of erythropoiesis Since spherocytosis is most marked in the 
crisis, one would expect to find some evidence of this abnormality in the bone 
marrow However, this is by no means the case, either in the chronic form of the 
disease or during the crisis In the chronic form, the marrow shows marked ery- 
throblastic hyperplasia, maturation is orderly, and a gradual reduction in size of 
the nucleated red cells occurs as the mature orthochromatic stage is reached No 
evidence for the development of spherocytosis can be seen in the first stages of the 
life span of the non-nucleated erythrocyte (1 c , the polychromatophilic red cell) 
m which the cells show a diameter greater than normal The discrepancy beween 
the relatively large polychromatophilic reticulocytes and the small orthochromatic 
spherocytes is quite striking, suggesting that some abnormal mechanism mo 1 es 
the rather young circulating erythrocytes making them spherocytes This is noted, 
even more strikingly, in acute acquired hemolytic anemia with abnormal iso- 
^ntibodies and can be reproduced experimentally 
In the extreme degrees of spherocytosis, as seen in the hemol) tic crisis, one w ould 
j^Pect, if the theory of a bone marrow abnormality were correct, to fin an extreme 
^gtee of spherocytic development in the marro^v Instead the marrov shows ^c^ 
^tge primitive cells with an almost complete maturation arrest e be ie\c 
this can only indicate that the spherocytes become sphcroc) tic outside the marrow 
perhaps by some sort of abnormal intravascular mechanism Since the crisis ma^ 
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;rbT' '’T'^r 

indicatc an inherent defect of 'erythroevK ‘fn" *' "“t necessarijy 

an abnormal type of hemcly« >>“' -*er the end result of 

tos!!!“otTlrr?hem presTnee^rreL' ‘'’''"“P- 

mtensity or adsorbed m someLhion Jac rTcd^" f””’' 

detection difficult by methnrlQ nthr. i if f ^ surface, as to make their 

bodies need not necessarily indicate thit th abnormal anti- 

detection may still be imperfect In rh Jacking since methods for their 

have been introduced the use of ho ^ alone, two new methods 

Coombs antiglobuhn test Thesd- r ^ bumin as a diluting medium and the 
hemolytic antibodies, undetected j frequent finding of 

that, with the years other merh A ^ previously in use They suggest 

Similar reasoning holds true f ^ h sensitive, may become available 

the circulation ofan mffivid T into 

ted cells are not Lstrovermr ^^e foreign- 

conception that the disordr tapidly than normal has led to the widespread 
individual s o^red c2 

hemolysis may be autoutvnfir- f necessarily be true since the abnormal 

cells) Furthermore our fine!, ^ against the individual s own red 

'■'‘11 survival time fsee fivur- crisis, of a greatly diminished red 

^ivity may become ^ hemolysin 

of the individual’s own cells^uf^l' it will not only cause a rapid destruction 
of introduced foreign” cells ^ tesult in an exponential type of destruction 

Summary 

mia) is subject to maior spherocytosis Ccongcmtal or familial hemolytic anc- 

topenia, and extreme s h exacerbations or crises Pancytopenia, rcticulocy- 

hypersplenic effects aptv characterize the major crises, during which 

combination of ('i)an ^ major role These are characterized by the 

maturation and delivef^^n^ ^Stec of hemolysis with (t) inhibitory effects upon 

treme degree of maturat ^ °tic marrow cells At the height of the crisis, an cv- 

is often urgently nerec «7thropoicsis is present Splenectomy, which 

ments of the blood co i’^®iiJcs in a very rapid increase in all the cellular clc- 

mal spleen Followm ° i-hc phagocytic and inhibitory effects of the abnor- 

cessive cases m the^ ®pcncctomy, no further crises occur The presence of suc- 

precipitating or triEver amily suggest the possible role of infection as a 

to crisis The cause of initiating an abnormal splenic mechanism leading 

bearing upon an autoosec.fiT is commented upon and evidence 

6 P an autopsecific mechanism is discussed 
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JAUNDICE AND THE SULFONAMIDE DRUGS 
By Charles H Rammelkamp, M D 

I T IS NOW well established that jaundice is one of the toxic manifestations of 
sulfonamide chemotherapy Although it is usually possible to recognize this 
complication, sulfonamide-induced jaundice may be difficult to differentiate from 
toxic hepatitis occurring as a complication of the infectious process itself as well ^ 
from sporadic instances of infectious hepatitis and serum jaundice Since the s 
fonaimde drugs are widely used in medical practice, it is perhaps of some int^est 
to review the distinguishing characteristics of toxic hepatitis caused by t cse 
compounds The establishment of a definite diagnosis in jaundiced patients is 
important because all sulfonamides should be discontinued immediately if this 
of chemotherapy appears to be respionsible for the toxic complication In ^ 
viduals with jaundice due to other causes, sulfonamide medication, especia y 
sulfadiazine, may be given without causing further damage to the iver 

parenchyma ^ ir j 

In general, three forms of jaundice may accompany the use of ® onam 
drugs They may be classified as immediate, intermediate and dclaye , epen mg 
upon the time of appearance of toxic symptoms, including icterus, o owing 
initiation of therapy 


Immediate Jaundice 

The immediate form of toxic hepatitis secondary to suLfonamde medica 
usually readily recognized Within a period of one to three days from c 
chemotherapy is started, jaundice appears Prior to this, however, an 
within a few hours after the initial dose of sulfonamide, other toxic sy p 
appear These include nausea, vomiting, headache, chills, ever, ur 
eyes, and skin rashes As the drug is continued the skin may ^ i.vpr as well 

unne dark with bile Examination usually reveals an enlarge ten ^ concen- 
as various forms of skin rashes The erythrocyte count and 
tration arc usually normal and the reticulocyte count is not elevate 
count may be elevated or normal sulfonamide 

These patients give a history of previous ° An example of 

utugs, and usually state that toxic symptoms occurred a 
this form of hepatitis is reported below 

Case Report ^ ^ 

^ 45 >Mr old married woman entered the Evans Memorial, • About eight months 

^Ptember 1940, because of chills, fc\ cr, and nausea of three ajs ,, y,,qh at 99 f F 

to admission she noticed that her afternoon oral temperature occasio^ialb^rcac ^ 

Western Rcseric 


Unu 


Ftom the Departments of Ptes entn e Medicine and of Medicine Lahcs.de Hospital 

t'ersit>,Clc\ eland. Ohio 1, c ns- 

1 an indebted to Dr Chester S Keefer for permission to report t 1 
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and, because of accompanying weakness, she reported to her physician A diagnosis of endocervicitis was 
made and she was advised to enter the hospital for study On July x8, 1940, she was admitted to another 
hospital where a blood culture revealed Staphylococcus albus She was given sulfathiazole, i gram eicry 
4 hours, beginning on August 10, 1940 The hospital record shows that the blood cultures became sterile 
and she was discharged on August 17 She continued to take sulfathiazole and, on August 14, two weeks 
after the institution of chemotherapy, she complained of photophobia, lacrimation and soreness and 
redness in several old scars around the left shoulder Later a rash developed around the eyes and over the 
legs Because of these findings the drug was discontinued by her physician with subsequent disappearance 
of all symptoms 

Because she continued to exhibit a low fever of about 99 z F , on September 11, 1940, her physician 
again started sulfathiazole therapy At 10 a m , and z p m she took i gram At 4 p m she developed a 
chill with a subsequent rise in temperature to 103 F No further sulfathiazole was ingested until the 
following day when the dosage was increased to 1 5 grams Again she took the drug at 10 a m and 
z p m , but after the latter dose she developed a rigor, the temperature rising to 104 F The next day she 
complained of a severe headache, aching in the joints, nausea, and vomiting, and noticed that her urine 
had become quite datk in color She was hospitalized because it was thought she had developed hema 
tuna 

The patient gave a history of tonsillitis in 1936 for which she had receiv'cd sulfanilamide without 
the development of toxic symptoms 

On admission to the hospital the oral temperature was icxd F There was a definite icteric tmt to the 
skin and sclerae There were no petechiae and no rash The vessels of the conjunctivae and sclerae were 
injected The nasal and pharyngeal mucous membranes appeared normal The lungs were clear to per 
cussion and auscultation The heart was normal in size, no murmurs were heard The liver edge was tender 
and extended z centimeters below the costal margin The spleen was not felt 

Laboratory examinations included a total erythrocyte count of 4,000,000 per cubic millimeter, a hemo- 
globin of 71 per cent, and 4,zoo leukocytes per cubic millimeter The differential count on the blood smear 
showed 68 per cent neutrophils, zi per cent lymphocytes, z per cent monocytes and 9 per cent eosinophils 
There was bile in the urine as well as a trace of albumin 

Clinical course The patient improved rapidly during the period of hospitalization The icterus index 
which was Z5 on September 16, 1940, had fallen to 4 on September Z4 Bile was not detected in the urine 
after the third day in the hospital and the urobilinogen, which was present in a i zo dilution, decrease 
so that It was found only in undiluted urine The reticulocyte count was o 6 per cent on September 18 an 
the erythrocyte count and hemoglobin concentration did not change significantly The Takata-Ara test 
was positive and there was a slight depression in the hippuric acid excretion test 

Because it was felt that this patient s illness was caused by sulfathiazole, she was given o 5 
September Z4, 1940 One hour later she developed a rigor, the vessels of the conjunctivae and sclerae 
came congested, she vomited twice, and complained of headache and soreness in the scars on the 
shoulder Four hours after the ingestion of the test dose of sulfathiazole the temperature ^ 

She was then given an intravenous infusion of zooo milliliters of saline and the temperature rapi^y ^ 
turned to normal No bile was detected in any of the urine specimens, but the icteric index gradua ) 
reased to 10 during the subsequent Z4 hours Urobilinogen was found again in dilutions of i zo 


To summarize this case, the patient received an initial course of sulfathiazole an 

developed toxic symptoms tivo weeks later These symptoms included 

vomiting, episcleritis, chills, fever, and skin rash The drug was discontinue 0^ 

approximately seventeen days and upon its resumption immediate toxic e 

were exhibited From the history it appears that jaundice developed two days 

the first dose of the second course of sulfathiazole When she had recovcrc , a^^^^ 

dose of o 5 gram of sulfathiazole was administered Again she deve ope 

nausea, vomiting, and episcleritis The icterus index rose from 4 to 10 an re 

elevated for forty eight hours This patient s illness is an example 

^ r j j Thrrc 

jaundice due to previous sensitization to the sulfonamide drugs n 
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evidence of hemolytic anemia although, from the studies recorded, it is not 
possible to state that some increase in the rate of destruction of the erythrocytes 
did not occur 


Intermediate Jaundice 

This form of jaundice is associated with a mortality rate of 5 to 10 per cent^ 
and IS readily diagnosed as sulfonamide-induced since it is secondary to acute 
hemolytic anemia as well as to toxic hepatitis The anemia usually becomes 
prominent enough to cause pallor, weakness, dyspnea, and nausea and vomiting in 
about two to five days after the institution of therapy,'* although occasionally it 
may occur later ® ® Soon after the development of the acute hemolytic anemia, 
jaundice may appear This is believed to be due not only to the very great de- 
struction of erythrocytes, but also to some direct action on the liver cells ^ 

The clinical features of this form of jaundice are readily recognized The patient 
invariably becomes critically ill during a period of a few hours, pallor is marked, 
the liver and spleen may be enlarged, and fever is usually present Hemoglobin may 
appear in the urine Later biliuria and urobilinogenuria are observed The eryth- 
rocyte count and hemoglobin concentration are low, and a smear of the blood 
®ay show nucleated erythrocytes as well as variations in the size and shape of the 
cells The reticulocyte count becomes markedly elevated There may be sphero- 
cytosis and an increased hypotonic fragility during the acute phase of the disease 
The total leukocyte count is usually markedly elevated, counts of 100,000 per 
cubic millimeter not being unusual Immature cells arc observed, as well as an 
increased number of eosinophils The blood usually contains free hemoglobin as 
Well as increased amounts of bilirubin 

Ic IS apparent from this description that this form of sulfonamide jaundice shoul 
be easily recognized It occurs most frequently following sulfanilamide medication 
although sulfathiazole, sulfapyridine and sulfadiazine occasionally cause acute 
hemolytic anemia and jaundice When such toxic reactions occur, the drug must 
stopped immediately and treatment, including blood transfusion, institute 


Delayed Jaundice 

Jaundice may appear ten or more days after the institution of sulfonamide 
®cnt Under these circumstances, the diagnosis of sulfonamide hepatitis ma) 
difficult since jaundice may develop during the same period as a complication o 
*he infectious process itself Generally, however, m those patients w osc jaun ice 
^^‘■^udary to chemotherapy there are other associated toxic s}mptom 
ph} sical signs ® , 

^1^ IS the usual experience that this form of hepatitis develops at abo 
*^linical improvement is anticipated The temperature, which ma> ha^e b 
**ornial or somewhat elevated, suddenly increases In some instances 
^•^Ptic m t) pc and associated with severe chills Nausea, vomiting an 
J'Krafort maj be prominent Other symptoms of toMcit) 

'^tincss, photophobia, and aching of the joints A distinctn c eatur ^ 

considerable „d in the establishment of the correct diagnosis ,s the arpeatance 
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a rash which may be erythematous or, at times, exfoliative in character ErjThcma 
nodosum is not infrequently observed in patients treated with the thiazolc de- 
rivatives of the sulfonamides Jaundice develops within a few hours or days after 
these other toxic symptoms have become manifest 

The physical signs and abnormalities in the laboratory examinations are similar 
to those found in patients developing the immediate form of jaundice The liver 
and spleen may be enlarged and occasionally ascites may develop * There may be a 
moderate anemia, especially if the reaction occurs after the ingestion of sulfamla- 
mide Usually there is an increase in the total leukocyte count, which may be 
marked when there is an extensive rash, and occasionally there may be leukopenia 
The bilirubin content of the blood is increased and urobilinogen and bile arc found 
in the urine Impairment of liver function may be demonstrated by several tests 
Although most patients receiving sulfonamide therapy and developing the 
delayed form of jaundice conform to the above description, there arc a few in whom 
the diagnosis is difficult Toxic hepatitis apparently may develop several weeks 
after the cessation of chemotherapy Garvin- reports an instance where jaundice 
and exfoliative dermatitis developed forty-three days after all sulfonamide 
medication had been stopped In some patients jaundice appears as the only toxic 
manifestation of chemotherapy One patient- developed jaundice sixteen days 
after sulfamlamide therapy was instituted and no other symptoms were recorded 
In this instance the patient was being treated for chronic prostatitis, so that it 
would appear improbable that the hepatitis was secondary to the infectious 
process 


Discussion and Summary 

It IS apparent from a review of the reported cases of hepatitis associated with 
sulfonamide therapy that it is usually possible to recognize this toxic manifcsta 
non This is of considerable practical importance since, in every instance m 
the sulfonamide is responsible for the jaundice, treatment with the drug shou 
^ discontinued and some other form of therapy, such as the antibiotics, institut ^ 
If the jaundice is not secondary to the sulfonamide, therapy may be continue 
in the presence of hepatitis secondary to the infection ^ II as- 

Jaundicc which appears during the first week of chemotherapy is usua 
sociated with a previous history of ingestion of sulfonamides and accompau) 
signs of toxicity (immediate sulfonamide jaundice) or with acute hemo y 
anemia and jaundice (intermediate jaundice) In either instance the diagnosis 
difficult because the climcal and laboratory abnormalities are charact 
Finally, jaundice which occurs after ten days of chemotherapy is usually ass 
with other toxic manifestations, especially fever and various forms o 
(delayed jaundice) Occasionally jaundice may be the only toxic mani 
sulfonamide therapy and, in such patients, a definite diagnosis may be 1 
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BLOOD AND BONE MARROW IN INFECTIVE SUBACUTE AND 
CHRONIC ATROPHY OF THE LIVER 


By E Meulengracht, M D , and H Gormsen, M D 


Introduction 


N umerous investigations have been made of the blood picture and bone 
marrow in hepatic diseases, particularly in cirrhosis of the liver These have 
revealed that especially in cirrhosis of the liver, macrocytic anemia frequently 
develops This can be accepted as a well-ascertained fact * ^ 

It has further been shown that in liver diseases, especially in cirrhosis, changes 
also occur in the bone marrow One sees rather frequently a slight or moderate in- 
crease in the number of erythroblasts, possibly a shift to the left in the erythro- 
blasts, often a fair number of large forms, but no megaloblastic change in the mar- 
row There is also some increase in the plasma cells, and possibly also in the 
reticulum cells, with or without pigment More rarely a slight myeloid hyperplasia 
or a slight eosinophiha are observed « 7 12 13 is 20 

As numerous cases of a special fatal form of subacute and chronic infective hepa- 
titis have occurred in recent years and continue to do so here in Denmark, we have 
had the opportunity of examining the blood and bone marrow in this particular 
form of liver disease The following notes deal with the nature of these cases 
In 1943 and 1944, subacute and chronic hepatitis began to occur in our clinic and 
in all other clinics in Denmark Appearing suddenly, and so extensively and with 
such malignant symptoms, it produced the impression that an entirely new disease 
had arisen, and scon came to be known among both doctors and laity as the malig- 
nant and dangerous jaundice ” The most striking fact is that the patients were 
almost exclusively women of from 40 to 70 years of age 
The clinical picture is dominated in these cases by long-continued jaundice It iSi 
as a rule, only slight, but can be more intense or even severe It varies somewhat m 
intensity, with a tendency gradually to subside, but in its place ascites and edema 
make their appearance in many cases in a few months’ time, though usually i'’ 
SIX months or a year, frequently at the ‘tage when the jaundice has greatly ^ 
creased After a longer or shorter interval, hepatic failure and death finally supc 
vene The prognosis is very grave, almost all the patients dying of the disease soon 
or later 

At autopsy, a small contracted liver with isolated remains of liver tissue and an 
extensive development of coarse connective tissue is found, a picture previous > 


described,- among others, in 1930 during a Swedish epidemic 3 9 10 nd a 

Preliminary reports have been published on the numerous cases,' ^ ® 
more comprehensive joint report will appear in the near future The disease 
presumably be regarded as a form of acute infectious hepatitis, the extensive 
demic of which in Denmark reached its climax in 1944 


From Mcdicil Dept B, Bispebjcrg Hospital, Copenhagen, Denmark 
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Material 

The material which wc have ourselves intimately studied is based on 14 women 
with subacute and chronic infectious hepatitis of the type described above Their 
iges varied from 40 to So years The history of the disease, when the investigation 


Table i — B/ooi/ Cases of infeettte Subacute an I Chrontc Atrophy of the Ltver 
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Notes Case 1 Died i month later Autopsy subacute atrophy of the liver Case 3 Died a lev, 
‘*>slater Autopsy subchromc atrophy of the liver Case ts Died i months later Autopsy chronic 
*»oph) of the hser Case 14 Died a lev days later Autopsy chronic atrophy of the Inc. Case 
‘ a fen weeks later Autopsy chrome atrophy of the liver Cate iS Died a few necks later 
l^^utopsy chronicatrophy of thelncr Case 23 Died i month later Autopsj chrome atrophy of the 

joob place, varied from 1-15 months duration In other words, such an lntcr^^aI 
elapsed since the jaundice was first noticed, but as, m a number of these pa 
j>'^nts, the disease developed rather insidously, it had probably lasted as a rule 
0"ger than the specified period Some of the patients had ascites and edema at the 
the investigations were made, others developed these s} mptoms later Some 
^ shortlj after the investigation, but most died later on 

besides the above material, wc have had access to other cases of the disease 



1418 


BLOOD AND BONE MABROW IN LIVER ATROPHY 


approaching 150 in all, and from their records we have been able to collect further 
information about the blood changes 

Methods 

All the blood cxarmnatioDS were made by two well-trained technicians 

The icteric index was determined by Mculengracht s method The hemoglobin was estimated in an 
Autenneth-Kfinigsberger colorimeter, standardized to 100 per cent = 18 3 per cent oxygen binding ca 
pacity determined by Van Slyke s method 

Dilution of the blood for counting was done according to Ellermann s principle with separate pipets 
and mixing tubes, the blood corpuscles were enumerated in Zeiss counting chambers The color index 
determinations were reckoned on the assumption that too per cent Hb corresponds to 5,000,000 red blood 
cells With these methods and standards we find the color index in normal persons to be about i i 

The mean diameter of the red blood cells was determined by Gram s method, where they arc measured 
in their own serum, so that one can be sure of avoiding the changes w hich may occur on drying or washing 
in foreign media A drop of blood is sucked up by capillary attraction into a 5-10 cm long, thin glass 
tube (capillary tube of about i mm thickness) The tube is sealed at both ends and put aside for some 
hours The blood has then clotted, and the serum has separated at the side of the clot In this serum, free 
blood corpuscles are present in sufficient quantities for measurement and in suitable numbers so that meas- 
urement IS not impeded by the corpuscles lying too close to one another After the ends have been broken 
off the tube a small drop of serum is blown out into a counting chamber of half the usual height and is 
covered with a thin cover glass The measurements are made with the help of an ocular micrometer and 
immersion lens The diameters of 100 blood corpuscles at random arc measured and the mean diameter 
calculated Mulberry shaped, spherical and other abnormally shaped blood cells are avoided 

The Takata reaction was performed by Jezler s modification The blood sedimentation rate was deter 
mined by Westergren s method 

In the smear preparations of the sternal punctures, a differential count of 100 cells was made Further 
more, in every case a section of the coagulum of the sternal puncture after embedding in paraffin was 
examined 

The investigations of the sternal punctures were all made by one of us (H G ) 

Results 

Blood In table i, the age, sex, duration of the disease and the results of the blood 
exatninations are given for those patients we ourselves thoroughly investigated 

The icteric index varied from 7 to 135, it often became decreased as the cirrhosis 
progressed The Takata reaction in most of the patients was strongly positive 
(+++), but in some it was weaker (+ or ++) In one case it was negative, but 
It IS possible that the diagnosis was wrong The blood sedimentation rate wa 
increased in all the cases investigated 

The hemoglobin values varied from 50 to 105 per cent, red blood cells, from ^^7 
millions to 4 65 millions In most cases, there was some anemia The color m 
varied from o 8 to i 36 It was usually around i i, which with our standards co^r^ 
responds to the normal, in a few cases it was perceptibly diminished On 
scopic examination of the stained dry preparation, neither oval cells nor 
of the nature of megalocytes were observed From the other more extensive 
rial we have had access to, we have collected 141 determinations m 75 
Hb varied from 58 to 104 per cent, R B C from 2. 5 millions to 5 i 
index from o 8 to i 34 In figure i the Hb values are plotted against 
values, and the color index given It will be seen that there is a mar 'C , p^,- 

to a moderate degree of anemia, the bulk of the values lying between 60 an 
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ccntHb, and between 3 and 4 million red cells The color indices arc grouped around 

1 1 


Fio I 


COLOR INDEX 
13 12 II lOx 



Hemoglobik Red Cells and Color Index in 141 Determinations in 75 Cases of Infective 


^ Subacute and Chronic Atrophy of the Liver 

IOCS arc continuations from a common point representing zero for both hemoglobin and erythrocjtcs 



p Mean diometer in micro 

^ Mean Diameter of Red Cells in 64 Measurements in 52. Cases of Infectis e Sub scute and 
Chronic Atropht of the Li\'er 

■■ ^ ^loscU Studied cases, the mean diameter of the red blood cells a aried from 
^ 9 Op From the other material we collected 64 measurements in 5^ patients, 

•"f Was about the same sanation The xalucs arc gi'cn in table 2. and figure z. 
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It Will be seen that over 50 per cent he above 8 n With the same technic, Gram® 
found values fluctuating between 7 7 fi and 8 o /i in normal persons Jorgensen and 
Warburg^ found roughly corresponding limits In our laboratory also, the normal 
values found arc almost identical with those of Gram On the basis of these facts 
It can be asserted that there is a very decided tendency towards an increase in the 
mean diameter of the red cells in patients suffering from subacute or chronic atrophy 
of the liver, in No z} it reached as much as 9 


Table l — Mean Diameter of Reel Blood Cells tn 64 Measurements in Patients 
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Fig 3 Mean Diameter Plotted against Icteric Index 

In figure 3, the mean diameter is plotted against the icteric index It will be ob- 
served that there is no correlation between the two There 

In figure 4, the mean diameter is plotted against the number of red cells 
IS no correlation between the mean diameter and the degree of anemia 
In figure 5, the mean diameter is plotted against the color index Again no co 
lation can be detected 

The number of white blood corpuscles varied between 1700 and 1x700 
counts in 81 patients (table 3 and figure 6) The last value was quite an 
There was a distinct tendency to low counts, over 50 per cent of them being 
4000 Unfortunately, differential counts were done in only a few cases, but as 
they went no definite deviation from the normal was found 
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The bone marrow The results of the sternal punctures are given in table 4 As a 
basis for comparison, the normal values found by Gormsen’ in a material of 50 nor- 
mal adults are given m the first column 

A comparison with the normal values indicates that in the neutrophile granular 
cell series there were no changes, no shift to the left, no myeloid hyperplasia and 
no eosmophilia Hemocytoblasts, lymphocytes, megakaryocytes and reticulum 
cells exhibited normal appearances, but there were certain abnormalities in the 
erythroblasts and plasma cells 

Four patients had over 30 per cent erythroblasts, 8 patients had from ix to 2.6 
per cent, while the remaining il, therefore half the patients, had below xo per cent 


Table 3 — Number of Leukocytes tit isf Counts tn Si Patients 
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Fig 6 Number of White Cells in 119 Counts in 81 Cases of Infective Subacute and 

Chronic Atrophy of the Liver 


In none was the number of erythroblasts found to be lowered In one patient on y 
(No xz) was there a shift to the left an the erythroblasts, but it was very 
nouccd No definite macrocytosis of the erythroblasts could be detected in any 0 
the cases Micromctnc investigations of the size of the erythroblasts, which nor^ 
mally vary considerably, were not undertaken Megaloblasts were not observe m 


any of the cases 

With regard to the plasma cells, they were 4 per cent in 3 patients, 3 per 
6 and below 3 per cent in the other 15 , that is to say, in 9 of the patients 
a slight increase in the plasma cells, since the maximal value of 3 per cent 


normal number of plasma cells is very high 
Microscopic sections of the bone marrow in 8 patients (Nos i, 1, 3 > ’ ’ 

17, 18) showed slight to moderate hyperplasia of the marrow, but in the 
cell content was normal The hyperplasia seemed to depend in part on 
increase in the erythroblasts, and also on a slight augmentation of all t e o 



E MEULENGRACHT AND 11 GORMSEN 


142-3 

forms, so that the state of the marrow seemed to point to a slight increase in the 
functioning of the bone marrow with greatest emphasis on erythropoiesis 

Table ^—Results of Sternal Pnncti/rt tii 24 Cases of Infectite Subacute ami Chrome Atroph) of the Liver 
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Comment 

the blood examinations, 1 e , determination of Hb per cent, R B C , 

*R c\ and direct microscop) , no changes such as those found in pernicious anc 


BLOOD AND BONE MARROW IN LIVER ATROPHY 
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■were observed In conformity with this no sign of megaloblastic transformation of 
the red bone marrow was seen in any of the bone marrow punctures We have in 
some cases attempted to influence the anemia by liver injections, but there was no 
reticulocyte reaction and no rise in the number of red blood cells 
On the other hand, a marked tendency to an increase in the mean diameter of the 
red blood cells was observed, which in a few cases assumed very high proportions 
Gram,® in 1883, in his measurements of the diameter of the red cells in various dis- 
eases demonstrated that the mean diameter in ‘ikterus catarrhalis, ' that is, hepa- 
titis, is increased Determined in their own serum, the values lay between 8 n and 
8 5 iQ one case with cirrhotic changes it was 89/1 This finding was later con- 
firmed by others” ” using the same method The increase in the mean diameter in 
such cases of liver disease has been attributed to changes in the plasma, possibly 
to the presence of the salts of bile acids The fact that in our bone marrow investi- 
gations only doubtful macrocytosis of the crythroblasts was demonstrated, and at 
all events no megaloblastic change in the bone marrow, seems to support the theory 
that the macrocytosis may at least partly be due to a change in the plasma with 
consequent swelling of the blood corpuscles Since there is no correlation between 
the degree of jaundice and the incrase in the mean diameter, the latter cannot de- 
pend upon the bilirubinemia but must be caused by other substances in the plasma 
(bile acid salts?) The question needs a more elaborate investigation 
The tendency to an increase in the plasma cells of the bone marrow must un- 
doubtedly be connected with the plasma protein changes causing the positive 
Takata reaction, which are characterized by an alteration in the alburain/globulin 
ratio, decrease in the albumin fraction and increase in the globulin fraction 


Conclusions 

In the observed cases of subacute and chronic infectious atrophy of the liver, of 
the special type which occurs at the present time in Denmark, a moderate degree of 
anemia of a hypochromic, normochromic or hypcrchromic type was found 10 the 
majority of the cases The color index showed a fairly uniform distribution aroun 
the normal value i i There was nothing in the blood picture that resembled true 
pernicious anemia 

Measurements of red blood cells in their own serum revealed an increase in the 
mean diameter, often considerable, in over half the cases , 

The blood picture with respect to the white corpuscles showed a pronouoc 
tendency in the direction of leukopenia . 

In some of the cases, sternal punctures showed the presence of a more or 
advanced erythroblastosis, but no really definite macrocytosis of the crythrob as^ 
was observed, and megaloblastic erythropoicsis occurred in none of the 
slight increase in the plasma cells was seen in some cases Sections of the bone 
row, in a number of cases, showed moderate hyperplasia of the marrow 

In no case, either in the blood or bone marrow, could changes be demonstra 
which would suggest nonstorage of the material necessary for the 
the red blood cells The increase in the mean diameter of the red bloo « j^^galo- 
ured in their own serum, which was observed in some cases, is not due to 
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blasticcr)"thropoiesis, but possibly to the serum content in substances w c a ec 

the osmotic condition of the blood corpuscles 
The plasma cell increase in the bone marrow that was found in some o t e cases, 
IS presumably connected with the hyperglobulinemia which is a very common 
accompaniment of chronic hepatitis 

The blood and bone marrow changes in our patients thus do not seem to 1 er 
from the blood and marrow changes hitherto recognized in chronic epatitis a 
liver cirrhosis 
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MYELOFIBROSIS ASSOCIATED WITH TUBERCULOSIS 
A Report of Four Cases 

By Howard W Crail, M D , Howard L Alt, M D , 

AND Walter H Nadler, M D 

Introduction and Review of the Literature 

M yelofibrosis is a disease m which the normal blood-forming elements 
of the bone marrow arc replaced by fibrous tissue with compensatory extra- 
medullary hemopoiesis arising in other organs of the rcticulo-endothehal system 
Clinically, it is characterized by pains in the long bones, back or abdomen, pro- 
gressive weakness, pallor and subsequent loss of weight The spleen, liver and some- 
times the lymph nodes become enlarged and a refractory anemia of the myelo- 
phthisic type develops Immature leukocytes with or without an increase in total 
count and frequently the platelet count is either decreased or increased Bone mar- 
row studies show hypoplasia, usually an increase in the megakaryocytes and 
eventually, fibrosis The onset of the disease is insidious and it may last from a few 
months to )cars, depending upon the degree of compensation, but the eventual 
outcome is fatal 

Myelofibrosis was first described by Heuck^ in 1879, since that time approxi- 
mate!) 100 cases have been reported in the literature under a great variety of titles, 
the most common of these are “leuco-crythroblastic anemia,”" chronic non- 
leukemic myelosis and ‘ myelofibrosis associated with a leukemoid blood pic- 
ture ’■* The name ‘ myelofibrosis” was first applied to this disease in 1937 
tier and Rusk ^ In 1944, Erf and Herbut® contributed materially to this subject by 
their extensive review of the literature and classification of myelofibrosis as cither 
a primary disease or a disease secondary to such conditions as benzene or fluorine 
poisomng, irradiation and malignant extension No mention is made of the possib e 
etiologic role of tuberculosis, although such a relationship had been previous y 
Among 91 cases of myelofibrosis reported in the literature, there 
cases with defimte evidence of active tuberculosis A summary of the findings m 
7 cases is recorded in table i The first American to report a case of myelofibrosis 
was Donhauser® (case A) in 1908 His case was found to have an active tubcrcu osis 
involving the mesenteric lymph nodes and he proposed a toxic etiology 
pnmary marrow disease One of the 5 cases reported by Dyke^ (case B) m 
miliary tuberculosis, the remaining 4 had other bacterial diseases with bone 
row involvement, and he suggested a disseminated bacteremia as an etio 
factor in this disease Krasso and Nothnagel® (case C) in 192.5 found 
bcrculous lesions in their case which they believed were caused by avian 

From the Department of Medicine, Northwestern University Medical School, Chicago, I 
Aided b) a grant from Armour and Company Mc<J ■ 

Read before the Chicago Society of Internal Medicine January 17, i 947 > 

Chicago 16 J57, April 15, 1947 


1416 


H W CRAIL, H L ALT, AND W H NADLER 


142-7 


s me- eil, Chevalher and Sec® (case D) in 1933 proposed the possibility of a 
caseT for this disease, and in 1935 Hugonot and Sohier'® reported a 

rtmi I ° ^y^^ofibrosis associatcd with tuberculosis and agreed with this 
fflrelnfil!' Stone and Woodman” (case F) in 1938 reported a case of 
lesio tuberculosis They point out the frequency in which tuberculous 

Hon^’b diseases of the reticulo-cndothelial system Carpenter and 

^942 concluded that the tuberculosis in their case (case G) was a coinci- 
dental terminal disease 
Tile 

fndine^'^f^^^ P^P^t is to review in detail the clinical picture and autopsy 

'^scuss th ^ of myelofibrosis associated with generalized tuberculosis and to 
served ^ ogcnesis, diagnosis and treatment of this syndrome We have ob- 
5 cases with idiopathic myelofibrosis which will not be reviewed in detail 
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group ^^nication but serve for general comparison with the tuberculous 


Report 


OF Cases of Myelofibrosis Associated %\uth Tuberculosis* 


C B, 


case I 


"'Ancst housewife, was admitted to the hospital June 7, 1941, complaining of pallor, 

h ^ rash and feser 

’S>m It Amenorrhea hid been present for nine >cars She had pneumonia at 36 >cars of age and 
Brtjfr, mrcasionallj mildl> jaundiced and bruised \en casih during the last few jears 

^"'^nmpanM pallor, weakness, ind dizziness had been present for the previous thirteen \ears 

dur ^ These episodes recurred with increasing frequena and 
r'ng the pre\ lous eighteen months There was no bleeding from an\ ofthcorihces She failed 


•OnK 


ntributon clinical and pathologic findings are described 
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to respond to either liter or iron and received whole blood several times Following a splenectomy and 
subsequent phlebitis, she had a dailj afternoon temperature elevation, occasionally reaching loi F 
The skin rash started on the left leg three weeks before hospital entry, it then extended to the right leg 
and both arms The rash was maculopapuiar at first, later indurated and finally tender 

Physical exammatton The pulse was no per minute, blood pressure, 116/76, respirations, 2.4 per minute, 
temperature, loi 6 F , and weight, 99 pounds She appeared somewhat emaciated and chronically ill 
0\cr the hands, elbows, and knees the skin had a dusky appearance An eruption over the legs and arms 
varied from small, red macuiopapules to reddish purple, cczcmatoid, tender, indurated, nodular lesions 
distributed mainly over the extensor surfaces The sclcrac were white and the mucous membranes pale 
There were a fetv small cervical, axillary and inguinal lymph nodes palpable Occasional coarse rale^ 
were heard over the bast of the left lung posteriorly, with slight dullness in this same region upon per^ 


Table x — Kepresentattvi Pcriphiral Blood Pictures from the Casts of Myelojibrosts with 'Tuberculosis 
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cussion There was a tachycardia and a coarse systolic murmur was audible over the entire precor 
region The abdomen was soft and not tender, the liver was not palpable 

Laboratory examination The urinalysis showed no sugar and a trace of albumin The 
tamed 3-5 erythrocytes per high power field and on one occasion hyalin and granular casts The 
sermann and Kahn tests were negative A fractional gastric analysis showed 48 units of free H 
70 units of total acid The BMR was plus 6 per cent The Van den Berg test was o 8 mg psr 
the icterus index was 9 units Other blood chemistry studies were normal A total of ten stool 
tions for blood were found negative \gglutination tests for typhoid, paratyphoid, dysenteij an 
cella were negative Sputum cultures revealed no acid-fast bacilli but many gram-positivc , 
Blood cultures and fecal cultures were negative X-ray examination of the chest was normal on ’ 
but one week later there was evidence of fluid at the base of the left lung Hematologic stu ics ^ 
x) showed a pronounced normocytic, normochromic anemia with numerous nucleated cryt r ^ 7 ^ 
a few immature granulocytes in the peripheral blood There was a moderate variation in t 
shape of the erythrocytes The reticulocyte count was 1 3 per cent and the platelets were 
the lower limit of normal The bone marrow (table 3) was hypoplastic and revealed a test 

of the erythrocytic series and an inaease in the number of megakaryocytes The re cc 
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to respond to either liver or iron and recened whole blood several times Following a splenectomy and 
subsequent phlebitis, she had a daily afternoon temperature elevation, occasionally reaching loi F 
The skin rash started on the left leg three weeks before hospital entry, it then extended to the right leg 
and both arms The rash was maculopapular at first, later indurated and finally tender 

Physical t \ammatton The pulse was 1 10 per minute, blood pressure, 116/76, respirations, 14 per minute, 
temperature, loi 6 F , and weight, 35 pounds She appeared somewhat emaciated and chromally ill 
Over the hands, elbows, and knees the skin had a dusky appearance An eruption over the legs and arms 
varied from small, red maculopapulcs to reddish purple, eczcmatoid, tender, indurated, nodular lesions 
distributed mainly over the extensor surfaces The sclcrae were white and the mucous membranes pale 
There were a few small cervical, axillary and inguinal lymph nodes palpable Occasional coarse rale 
were heard over the base of the left lung posteriorly, with slight dullness in this same region upon per 
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cussion There was a tachycardia and a coarse systolic murmur was audible over the entire ptecof 
region The abdomen was soft and not tender, the liver was not pialpablc 

Laboratory examination The urinalysis showed no sugar and a trace of albumin The sediment co 
tamed 3-5 erythrocytes per high power field and on one occasion hyalin and granular casts The « 
sermann and Kahn tests were negative A fractional gastric analysis showed 48 units of free HCl an^ 
70 units of total acid The BMR was plus 6 per cent The Van den Berg test was o 8 mg per «nt an 
the icterus index was 3 units Other blood chemistry studies were normal A total of ten stool exa 
tions for blood were found negative Agglutination tests for typhoid, paraty'phoid, dysentey an 
cella were negative Sputum cultures revealed no acid-fast bacilli but many gram positive iipx 
Blood cultures and fecal cultures were negative X-ray examination of the chest was normal on IV 
but one week later there was evidence of fluid at the base of the left lung Hematologic studies ta^^ 
x) showed a pronounced normocytic, normochromic anemia with numerous nucleated erythrocyte 

a few immature granulocytes in the periphci .-...rinn in t e 

shape of the erythrocytes The reticulocyte 
the lower limit of normal The bone marrow 
of the ery throcy uc series and an increase in 


ad Ihere was a moneratc , 

was 1 3 per cent and the platelets were re 

3^ ypop T-L* ,.-4 i-dl /raeihll 
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was normal on t\\ o occasions The spleen , surgicalh remos c(l f>n 8/a8/ ^o, \s as reported essentially nor- 
mal A skin biops) of a nodule from the left arm on 6/10/41 \sas diagnosed as possible cr> thema nodosa 
Acid fast organisms were found in sections made from paralTm blocks containing sediment from pleural 
fluid A guinea pig innoculated with pleural fluid was found to base epitheloid tubercles of the lungs, 
lit'cr and spleen 

Clinical course The patient had a aerj stormj course throughout her hospital sta} with spiking daily 
afternoon temperature eleaations, sometimes to 106 F , preceded by chills She became d)spncic, irra- 
tional and vet) restless and expired on 7/3/4^ 

Ntcnps) 

Thoracic cat'll} The left pleural caMt) contained 1000 cc of bright red fluid Doth lung bases were 
adherent to the diaphragm and mediastinum bj firm fibrous adhesions The pleural surfaces were 
studded with pin-head sized grej, raised tubercles Microscopicallj , the ahcoli in the left lung base 
were filled with a fibrinous exudate The tin) tubercles showed a central necrosis with almost no 
surrounding cellular reaction 


Table 3 — Differential Sternal Marreu Counts on Catos M}elofibrotis uith Tuhcrculosis 


Case 

1 

Dale 

Total 

count 

1 

V 

'0 

CJ 

>s 

Promyelocyte? 

■1 

■Eg 

>» 
0 c 

0 

E 

rt 

"a 

rfi 

•V 

c 

a 

1 

c 

0 

£ 

ex 

Cl 

W 

tfi 

E 

0 

c 

0 

1 

-C 

c. 

0 

rt 

P 

1 Lymphocytes 

1 

c 

1 

c 

1 Hroken cells 

tfi 

-2 

.c 

0 

g 

0 

c 

£ 

p 

n 

tr> 

tf 

(S 

0 *- 

] Mcgaloblast 

if> 1 

c 

n 

J 

0 

g 

E 

eJ 

0 *-» 

■5 0 

>\ 0 

C B 

3/ 5/40 


3 




xo 

6 



6 




44 

6 

Inc 

1 I/I 

W M 

; ii/zo/43 

II^jCXX) 

8 

I 

ij 

1 

6 

4 



3 


X 

13 

40 

9 

Dee 

V 3 

1 

3/13/44 

11,500 

31 


X 

I 

! 

8 



31 

1 

\ 

X 

6 


Inc 

( 5 ) 

ii/i 


3/18/44 

6.150 

10 




4 



6 

48 


X 

X 

4 

14' 

Inc 

(6) 

4/1 

W D 

1/ 1/46 

i 176,00c 

' 3 

3 

' 5 

8 

xo 



1 

5 




55 


Inc 

i/i 


5 /i 6 / 4 f 

) 45,00c 

) 

7 

r 8 

; 18 

^5 

I 

3 

X 

5 



3 

x8 


Inc 

X 4/1 

M B 

1 7/ 9/4: 

) 

1 

5 


1 3 

I '' 

j 9 


4 

10 



X 

33 


Inc 

i/i 


Heart The greater vessels and epicardium were coscred xsith the same tmy tubercles seen on the 
lungs Histologic study showed an occasional necrouc focus in the myocardium 

Lmr The liver was enlarged and an occasional tubercle was seen on the capsule and cut surface 
The sections showed thickening of the capsule with increased mtcrcellular connective tissue Nu- 
merous tmy areas of necrosis were seen in the parenchyma and each was surrounded by a zone of im- 
mature blood cells A few small foci of extramedullary hemopoiesis containmg occasional mega- 
kaiyocytes were seen 

Pancreas Grossly, the pancreas appeared normal hut microscopic studies revealed pronounced 
intcracinar fibrosis and numerous small necrotic tubercles, a few of which were surrounded by im- 
mature blood cells 

Lymph nodes The hilar, retroperitoneal and abdominal lymph nodes were aU grossly enlarged 
Many showed discrete pm-hcad sized, grey tubercles on their cut surfaces Microscopically the 
normal architecture of the glands was completely destroyed and replaced by proliferating granulom- 
atous, fibrous tissue occasional!) surrounding small foci of extramedullary hemopoiesis A few 
h)'pcrchromatic, multi-nucleated cells resembling megakat) ocytes were seen Many of the section- 
showed small foci of tuberculous necrosis and a rare Langhan giant cell 

Bom marrow The marrow from the sternum and vertebrae appeared dark red and dry Histolog- 
icall) , the sections showed a fibrous tissue replacement of the marrow caxit), leaving small islands of 
hemopoietic tissue and no fat The megakaty oc) tes were increased in number 
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Nfcrsfi) 

Neither gros<; nor microscopic miliar) nodules were described The sections sliowed cm 
ph)scma and focal hemorrhages surrounded b\ a few h) perchronntic multi-nucleated cells Plcunl 
thickening was also seen 

Muitastmmn A firm nodular mass measuring 6 b\ j b\ zem was found in the right mcdi istminn 
l)ing just behind the superior \cna cat a, superior to the root of the right lung and lateral to the 1 'i 
of the aorta This mass cut with ease resealing a bulging, pinkish surface Sescril grc) giccn 1 
i-icm in diameter were seen on the cut surface and scscral small c\ stic structures cont onul p i 
material Miaoscopic studies of this mass resealed confluent 1 ) mph nodes almost complct^U iv | 1 1 I 
b) granulomatous tissue There were central zones of caseation and necrosis surrounded w 1 I 1 1 1 
numbers of cpithcloid cells and l\mphoc)tes, all of which were encased in a fibrous ti 1 i 
A few multinucleated cells similar to those described in the lung were seen No Lanqli n 111 
were present Scscral large nerse bundles coursed through the dense fibrous tissue 

Abdominal cat itj Firm fibrous adhesions were found about the gall bladder and the '.,'1 I 

portion of the colon 

Liter The liter was enlarged (1500 Gm ) and small )ellowish nodules were seen b.nc uh f b e 1, 
sole and on the cut surface Histologic eaamination showed the sinusoids distended ind tilled rb 
blood A fibrous tissue and 1) mphocs tic infiltration was noted about the portal triad mall i i in e 
foa were seen surrounded b\ a few cpitheloid cells, l)mphoc)tes, and plasma cells An oe 1 > ni 
megakar) oc) te was seen Pronounced fibrous tissue infiltration and h) alinization in the rcgi 1 
jacent to these at)pical tubercles were constant findings 

Spleen The spleen weighed 550 Gm and scseral small nodules were palpated beneath the t ip I- 
bbcroscopicall) , small foci of caseous necrosis were surrounded b) a few round cells In one of tin. ■ 
a single Langhan-tj-pc giant cell was seen The sinuses were distended and filled with blood and pi^ 
ment Small l)'mph follicles remained Throughout the pulp, numerous large cells with large o\ il > r 
indented, h)'perchromatic nuclei were found Man) resembled mcg3kar)'ocytcs Hemopoiesis 
not pronounced but the number of immature m)cloid cells indicated the presence of this function 
The capsule was thickened 

Adrenals The gross features of this organ were not unusual but microscopically both the medullary 
and coracal layers showed focal necrosis and rather extensne dense fibrous tissue replacement and 
byalintzation 


Gastro-intestinal tract The onl) finding of significance in the gastro-intcsunal tract was a nodular 
mass X cm above the pccunate line in the rectum The mass w as produced by a thickening of the w all 
0 t e gut but the mucosa appeared intact otcr the area Microscopically, the wall was found to be 
a most completely destroyed by a necrotic process which had begun to include the mucosa as well 
mnerous inflammatory cells were seen at the border of this lesion Many bacteria were seen but no 
sold fast orgamsms were demonstrated 


ymph nodes The lymph glands throughout the body were enlarged and firm The histologic study 
revealed a complete destruction of the normal architecture The capsule was thickened and the stroma 
Jiaeased The sinuses were dilated and contained cells Extramedullary hemopoiesis was seen and 
ew megakaryocytes were present Lymphocytes in various stages of development were noted 

marrow Specimens were taken from the sternum, ribs, and vertebrae and all had a dry appear- 
The histologic changes included complete alteration of the normal architecture The marrow 
yp^rcmic and there was a great increase in the number of megakaryocytes Eosinophilic debris 
young fibrous tissue were replaang the normal marrow elements and isolated islands or pockets 
yeloid activity were seen One of the nb sections shosved an area of necrosis and increase in the 
wmber of small lymphocytes 

fn/. / ^^‘tmination All the sections were stained by the Zichl-Neelson technic and the 

found filled with aad fast 


caseous 


p f , organisms 

spice Caseous tuberculoma of the mediastinum, miliary tuberculosis invoh ing the liver, 

marrovr^ marrow, extramedullary hemopoiesis in the spleen and lymph nodes, fibrosis of the bone 
) P cura, liver, spleen and lymph nodes, phlegmonous proctitis 











w 




VO' 


D 

iptc 


rtni'^’ 




Cot?°' 




,ta'^'°'' 
■^itVv 




CASS^ 

A t^t A oaM^^ \ -P,\cc«''^ ' 


\rtc\c'' 


atit 


P'"''”’ ^.=4 « ‘°°rw''*^\‘f MP''“'°“ d.w”"''”' 


;SVllb°'-’' 


iWtic^'’ 


l.>'A'*'',4«.s'l«*"aW»> 

p"f;4i:r.i»"“* 

cW 


.ra.\o{7^°' 




atutc 


ot99 


r^:0 


103 








an ' 


4 •« ““t vs:;- »» "S SV«p«s > ,...-, 

pai'C'^'^ ^r cig^'- Iv J -, 1 Acs 

P<.S«'’-ti''°“^V4 V- O.P>“rt sS-'-'P’'^ 

tout to ctg u '-J 


ibtc^ 


at' 

this 


Attli;*-'^ 




^io/7°’ 


evg'^^ ' 

*"'" vs's^vrvViSS" SI vs-w*"' “ '” . m„o4 p"?s'a=» »”' 


oVcco 


itot^ UP.*- ^^,tiug -rA AS pet - , 

..,cra nou . of "I-S ? p pu\sc, ^ ^ Ai?^ % 


.o» 


shvu 


tests. 


ta' 


> SV> riS-"','”:.. A»' r.';> co-p' 


ciitit= ^''AA<'"''''’'’'“”Aas 

,nd^vctS>'^ 




4< 


4-4'“‘jr;VAo«;vS4-»r 

.crates 1 chc 


a 

ihctc' 


ai 

.hct' 


,uho *"..,ctot>' 


;\\ctS=" Wtioatio'' 

j^iteUgS ^.naiioti 


etittY' 




\iNet 


atioti 


ithog' 


eos 


ao' 


A htuo'^ 


gjnug 


utogf 


alUS' 


c%ccP’ 


itlOll 


sCfC 


peg' 


atv't 


c pe&^^' 0^ .ptc 


acrA® 


ctY 


vhto- 


stooV5 


“*'’ t f-Aatiti®*-, ■u.tcuio’" 
A,„ccoi^'^^' .treaty 


tioti® 


l\0Sl5 


stui^=^ iiw o^ nPC 


a bat' 


cal 


tout 

Acihc^ 


.\aatioU' - .<.uhot>^'- V^utatu® "‘Vv^r ' reotatctuj ^vastou® ao-- 

ViO^P'^^ Ioccaato®"^7, pig UatiN® Sit 'f the \ast &'^7atogt=‘«^ '' ccutv®® 

cytcsau^® K auiu®^ ^.. ^etc i'US=' The ch®^'^ .,.«atd .v.cttocat® _ ^cot .„,s 


ttioU' 

pottu' 






nt& 


ati't 




, tests 


houts the' 

thc\®ti6^ 


solia^et® ^^°7 a 
Go..6'“’’rLt»'>''’- 


Itogt'^^ 


v“>.!“rw -rvrv >:^':o.>:ss' ^tv -» ■""- 


'S.-.-4*’'°;;lV-«’“ 

iitate® _^asc ' 


Ao\’'>"^"^teV)*^°: -Aatute^'"" 






^n 

'0 


tota; pt^^oa --;:::;;^otutc at^-’, ^ ce^- ^,ct ^Y ^ 


v.ete 


^ un\\C^ ^ y 
(tahVc 3) .^o mataci^ 


ts -t, .^VV''/svSa p“*!svvs»>;' ::s. 

lattY cositiotAVA.A ceWa 

tti®6^‘‘'".i.ea\ed "" “ 


sepal 


rt^=-Tiop^y-">tcYtop^ 
tissue hiUcf'^7vithP»';7cte'g'°^;^^^^^^ 

\-.i-c i»'-*‘’ . ^^_«rvrts v*-' , \-<trt; '-r' 

fC"'^*'- A aod '''t' 

»r3::v.-:sv--ss...4 , ^„,.. 


cjssue'-'^^'^Ttet'-P' -£. 

■'^^'^'' lauothets 7ototW ^ . ,,ase 

i.avte"-' A aoA .A«ut 01 ^„oscU OA •- “ , „US ,,asthau"" _fiD0t . _ ^ Ais-* 

p"‘'Vjt^”V*V»®'‘SVVVV»'p^I“VVw“^^^^ j„,»A 


otiea' 




puci 


teat 


sete 




ce' 


a au 

a;a '^''^.„aosis^' 




lou^ 




COUftt 


nuatb ^oist-t' 


tispit^ 


.cuspi' 


a atea 


tbcoati 


‘^' \ tau' 

^ pospititt ^aA 

to the ^otuttt®S ^ the ttii- - , 

nauseate'' jud*^= vj\d^apa't t Ou 

-'“'“VVVcVd*”^’ 


>sw; 

„ w'°" „t,.4.4':.„tV 


tory 


the 


\itet 


:aUY 


thete 


^as 


iio 


bAatch 


%6 


the pa 


tiePt 


vjas 


tea' 


aiU'ttaa 



H W CRAIL, H L ALT, AND \V H NADLER 


1433 


but this tim: with n s:\cre cough md pain and tenderness in the right flink The liter and spleen were 
palpable as before and there was some question of i palpable mass in the region of the right kidney The 
fetxr reached 10} F on the second da) but subsided rapidl) and the patient was discharged April 2. 
Twenn da) s later the patient made his last entr) into the hospital He weighed 113 pounds The liver 
was palpable four fingerbreadths below the right costal margin and was tender The spleen was agon 
paipble During this admission, biopsies were taken from the sternal marrow (jet Laboratory Examin 1 
tions) Onjul) 3 a laparatom) was done and enlarged retroperitoneal tumor masses grossly rescmblint 
Hodgkin s disease or 1 ) mphosarcoma were seen Biopsies were taken of these and also of the I \er 
Laborator) Examinations) Eight x-ra) treatments were given over the abdominal mass witli no 1 

provement Histemp:ratureranavcr)'sepciccourse,goingtoio4F ,andshoweddailyandaln'( I 1 v 

fluctuations He continued to lose weight and became progressively worse and on August 19 v o 1 1 1 v 
before death, his peripheral blood picture rev ealed marked pancytopenia His spleen and 1 1 c k ' 



Fig I Liver from W D showing large areas of fibrosis 


in size and edema became pronounced Treatment throughout his illness included sulfonamides, penicillin 
oral streptomycin (for seven days), atabrinc, quinine, plasmoquin, emetine, salicylates, the x-ray treat- 
nient mentioned above, and four blood transfusions None of these had any cfi^ect on the course of the 
disease 
Necropsy 

Tberactc cavity Both thoracic cavities contained about 1100 cc of a clear yellow fluid 
iawigr The lungs were adherent to the parietal pleura by a few firm fibrous adhesions and their 
surfaces were covered with greyish-vvhitc raised nodules ranging from pin-hcad size to o x cm in 
diameter The cut surfaces were wet and the same nodules were seen The microscopic appearance of 
the lung was that of a multitude of any anemic infarcts in all the sections The centers of these foci 
were caseous but there was almost a complete absence of the peripheral cellular reaction so common 
in tuberculosis No Langhan giant cells were observed Many of the surrounding alveoli contained 
cellular debris and fibrin resembling the consolidation of pneumonia The pleura was thickened 
Abdominal cavity The abdominal cavity was filled with clear ycllowush fluid There was a large, 
nodular, perivertebral, retroperitoneal mass in the epigastric region 

L/iYr The liver was enlarged ^ surface was speckled \\ath pin-hca si2c , su cap- 

sular, grcytsh-whitc nodules, a few larger yellowish nodules and firm white irregular patches 
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i) The cut surface was similar except that the firm white areas were very tough and extended deeply 
into the parenchyma mainly about the larger lessels Histologic exaimnation revealed a thickened 
capsule and distention of the sinuses with blood Scattered throughout the parenchyma were a multi 
tude of tiny tubercles Many of these contained one or two typical Langhan giant cells A few tverc 
surrounded by the typical cellular reaction seen in tuberculosis The large white plaques described at 
autopsy were composed of organized fibrous and hyalinized connective tissue and at the borders the 
connective tissue extended into the parenchyma, leaving islands of liver cells behind Foci of lympho- 
cytes were scattered throughout this fibrous tissue An occasional megakaryocyte and a few small foci 
of extramedullary hemopoiesis were seen 

Spletn The spleen was enlarged (700 Gm ) and a small accessory spleen was found Numerous small 
greyish-white nodules were seen beneath the capsule and on the cut surface Firm, white, irregular 
plaques on the cut surface were similar to those seen in the liver The sections shotved a thickened 
fibrous capsule The sinusoids were distended with blood The lymph follicles were completely dis 
persed and only an occasional small aggregate of lymphocytes could be found about a vessel Large 
areas of fibrosis were seen but the most unusual finding was the widespread seeding of small tubercles 
as seen in the liver There was little surrounding cellular reacrion though occasional Langhan giant 
cells were found in the tubercles Immature myeloid and erythroid cells and a moderate number of 
large cells with large, irregular, dense nuclei resembling megakaryocytes could be seen diffusely scat 
tered throughout the sections 

Pancreas (fig 3) Microscopic examination revealed an increased amount of connective tissue and 
several atypical tubercles similar to those preiiously described 

Adrenals The microscopic section showed an increase in fibrous tissue and numerous small atypical 
tubercles 

Ketroferttoneal lymph nodes The retroperitoneal mass was an irregular, enlarged, adherent group of 
lymph nodes which when sectioned showed occasional small yellowish £oa Histologic stud) shonxd 
1 complete obliteration of the normal architecture with a greatly increased stroma Much chronic 
granulomatous tissue was present with a few scattered lymphocytes, an occasional multmuclear 
Sternberg-Reed type of cell and atypical tubercles Nenx bundles were seen encased in the fibrous 
tissue 

Bone marrow (fig 4 } Bone marrow taken from the sternum, ribs and vertebrae showed almost com 
plete obliteration of the marrow cavities by dense fibrous tissue Only a very few normal myeloid and 
erythroid foa could be seen Megakaryocytes were prominent and an occasional atypical tubercle 
containing acid-fast orgamsms was found 

Bactertologtc exammatton All the sections were stained by the Ziehl-Neelson technic, the caseous foci 
everyivhere and the connective tissue of the liver, spleen and lymph nodes were filled with aad fast or- 
ganisms These acid-fast organisms were cultured on glycenn-cgg media, inoculated into a series of 
laboratory animals and tested as to streptomycin sensitivity The organism was proven to be a human 
type of M tuberculosis, possibly of low virulence and sensitive to streptomycin 

Pathologic diagnoses Diffuse fibrosis of the liver, spleen, lymph nodes, adrenals and bone marrow, with 
interacinar fibrosis of the pancreas, extramedullary hemopoiesis in the spleen and liver, generalize 
miliary tuberculosis 


CASE 4 

M B , a 36 year old housewife entered the hospital June 13, 1945, complaining of weakness, night 
sweats, headache, chest pain and a nonproductive cough 
Family history A sister died from tuberculosis 
Past history Irrelevant 

Present illness The patient was apparently well and healthy until after the normal delivery of a a J 
October ii, 1944 Two days postpartum an enlarged spleen was found and subsequently a diagnosis 
Banti s disease was made A splenectomy was done November 14, 1944 The pathologic report on 
spleen suggested Hodgkin s disease Following operation the patient gained 35 pounds and resum. 
normal duties In May 1945, her menstrual period lasted twelve days and she passed numerous a^^^ 
clots At this time she caught cold and her temperature rose to 103 F for a few days She contin 
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to fed ill and began to lose weight Weakness then became her major complaint and was soon followed 
b) night stt eats, a persistent headache, pain in the chest and back and an irritating, nonproductive cough 
Physical txamtnatton Her temperature was 100 F , pulse, too per minute, blood pressure, 130/7L, and 
respirations, 14 per minute A soft systolic murmur w as audible o\ er the base of the heart The lungs were 
normal The ll^e^ was enlarged, extending approximately five fingerbreadths below the right costal 
margin A moderate generalized lymphadcnopathy was noted 

Laboratfr} examination The urine contained a trace of albumin and 7-10 leukocytes per high power 
field The Kahn test was negative and blood chemistry studies, including the icterus index, were all 
normal The BMR was plus xo per cent and the electrocardiogram was normal X-ray examinations of 
the chest were repeatedly normal until a few days before death when a diffuse flocculant increase in 
density was seen invohing both lung fields This was most pronounced at the bases and suggested an 
acute pulmonary edema The peripheral blood studies (table x) showed a predominance of young myeloid 
cells with a great increase in the number of megakaryocytes The pathologic sections from the spleen 
were re-examined and reported suggestive of myelogenous leukemia 

Clinical course The treatment consisted of repeated blood transfusions The patient grew progressively 
weaker and continu-d to lose weight Her temperature was high, the peaks ranging between 104 F and 
105 F and there was delirium In the last week of her life, ascites and jaundice were present She died 
September xi, 1945 
Necropsy 

Thoracic entry Both pleural casities were obliterated by firm adhesions between the visceral and 
parietal pleurae 

^ Lung! The pleural and cut surfaces of the lungs were studded with numerous small greyish-white, 

’ firm nodules \ arying in size from o r to o 5 cm On microscopic study, tiny areas of focal necrosis were 
surrounded by a zone of immature blood ceils and phagocytes Foci of extramedullary hemopoiesis 
and numerous megakaryocytes were seen 

Abdominal cat, ley Five hundred centimeters of dark, straw<oloted fluid were found in the abdominal 
canty The Msceral and parietal peritoneum was studded with small greyish-white nodules 

Liver The Iner was enlarged (x67o Gm ) The capsule and cut surfaces were entered with small 
tubercles Histologic study (fig 5) showed areas of focal necrosis and infarction surrounded by zones 
of hemopoiesis The liver cords were small and surrounded by hyalinized connective tissue which 
obliterated many of the sinuses Foci of extramedullary hemopoiesis and megakaryocytes were seen 
Pancreas Microscopically, there was a pronounced pcriductilc, perivascular and periglandular 
fibrosis 

Adrenals The sections showed fibrous tissue replacement with separation of the cortical and medul 
laty cells and microscopic areas of caseation and foa of extramedullary hemopoiesis 

Bone marrow The cortices of the ribs, sternum, and vertebra were thickened and the trabeculae 
prominent The medullary spaces were filled with a dry, fibrous-like tissue Microscopically, the 
normal marrow was completely distorted (fig 6) Relatively few hemopoietic cells remained and 
these were widely dispersed through the connective tissue filling the marrow spaces The mega 
kary ocy tes appeared increased in number Necrotic foci were also found 

Lymph nodes The mediastinal, retroperitoneal and perivertebral lymph nodes were enlarged and 
matted together Microscopic study of these lymph nodes showed proliferating connective tissue 
infiltrated with immature blood cells and a few megakaryocytes Many of the nodes contained focal 
areas of necrosis 

Bacteriologic examination All of the sections were stained by the Ziehl-Neelson technic and huge 
numbers of acid fast organisms were found in the areas of necrosis in all the organs 

Pathologic diagnosis Extramedullary hemopoiesis in the liver, lung spleen and lymph nodes, extensive 
fibrosis of the liver, spleen, pancreas, adrenals, lymph nodes and bone marrow , generalized acute, diffuse, 
miliary tuberculosis 


Analysis of Cases 

A summar}" of the clinical, hematologic and pathologic data of the four cases of 
myelofibrosis with tuberculosis are recorded in tables 3 and 4 We studied W M , 
W D and M B during life and the records of C B several years after death M 
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or abdomen, fatigue, progressive weakness, pallor and loss of weight Their a^ts 
ranged between 19 and 50, averaging 335 years The sex dtstrtbutton was equal A 
dehnite history of a tuberculous contact was obtained in M B W D gave a history 
of cervical adenopathy which was suggestive of tuberculosis 

Physical findings All of the patients showed a daily afternoon fever with occa- 
sional spikes to 104 F During the last few months, the daily elevations frequently 
went above this mark W D had repeated recurrences of chills and fever, some- 
times two or three a day with afebrile remissions lasting eight to twenty days 
The sfken in each case was moderately enlarged Splenectomies were done on C B 
and M B early in their illnesses with probable adverse effects The livers were 
markedl) enlarged, smooth and nontender in three cases In C B , the liver was 
palpable only on deep inspiration Generalized lymphadempathy was moderate in 
all cases The retroperitoneal lymph nodes were greatly enlarged in W D and were 
palpable through the abdominal wall as a firm, epigastric mass 

Laboratory findings A refractory anemia was present in all cases The anemia was 
profound throughout the illnsss of W M and he required frequent transfusions 
In the remaining cases, the anemia was slowly progressive but became terminally 
pronounced A leukemoid i taction characterized by the presence of immature leuko- 
cytes and normoblasts occurred in each case Three cases (C B , W M and W D ) 
had a progressive leukopenia On the other hand, M B had a leukocyte count above 
100,000 and the differential closely resembled an acute myelocytic leukemia The 
platelet count paralleled the leukocyte count, it was reduced to the lower limits of 
normal in three cases and was well above 500,000 in M B Giant platelets and 
megakaryocytes were seen in peripheral blood smears of the latter case In each 
case, the reticulocyte count was normal The sternal marrow aspirations in W M and 
W D early revealed a hyperplastic marrow Later the marrow became hypoplastic 
and sternal aspirations then resembled the peripheral blood both in total and 
differential cell counts The number of megakaryocytes was increased in each case 
Single marrow aspirations on the two rcmaimng cases showed hypoplasia with an 
increase in the megakaryocytes A bone marrow biopsy was done on only one pa- 
tient (W D ) The sections revealed a depletion of the normal hemopoietic tissue 
and fat with beginning fibroblastic replacement and a marked increase in the mega- 
karyocytes One patient (W D ) consistently had a low grade hematuria Stool 
examinations for blood were repeatedly negative in all instances Uniform blood 
chemistry studies were not carried out on these patients, however, W D and M B 
showed evidence of a slightly decreased liver fonction The icterus index was nor- 
mal in each case Bactenologic and serologic studies were repeatedly negative m all 
but C B , where acid-fast orgamsms were recovered from fluid aspirated from the 
chest late in the illness Unfortunately, tuberculin skin tests were made m only 
one case D ) and were reported negative Koentgtnologic examinations of the 
chest revealed evidence of old, healed tuberculosis in each case Terminally, pleural 
effusion was found in C B and mottling suggestive of edema in M B Since mihar) 
tubercles were found in the lungs at autopsy, serial roentgenograms might have 
been of diagnostic aid late in the disease 

Clinical course All patients ran a continued down hill course with progressive 
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weakness, loss of weight and fever ending in death C B and M B developed 
terminal jaundice The duration of illness ranged from twelve to eighteen months 
with an average of i6 x months 

Necropsy findings Generalized, caseating, nnltary tuberculosis was found in all of 
the organs in these cases These lesions were small but were found filled with large 
numbers of acid-fast organisms Extramedullary hemopoiesis and an increase in mega- 
karyocytes were evident in every instance, most commonly in the spleen, lymph 
nodes and liver The lymph nodes in each case were enlarged and the normal cellular 
elements were replaced by proliferating granulomatous tissue Bone marrow from 
the sternum, rib and vertebra in each case was replaced by varying amounts of 
connective tissue which was confirmed by special staining * The most massive 
fibrosis was present in W D where it had progressed extensively since the time of 
biopsy three months before death (figs x and 4) Fibrosis and hyalinization of organs 
other than the bone marrow, particularly of the liver, (figs i and 5) spleen, pleura, 
pancreas (fig 3) and adrenals were prominent in all of our cases 

Comparison of the Four Tuberculous Cases with Five Cases of Idiopathic Myelofibrosis 

We have observed and analyzed 5 cases of idiopathic myelofibrosis (table 4) 
which will be reported elsewhere Three are still living and x have died These pa- 
tients have many features in common with the tuberculous group, namely the 
splenomegaly, anemia, leukemoid blood picture, fibrosis in the bone marrow with 
an increase in megakaryocytes and extramedullary hemopoiesis On the other hand, 
there were certain differences in the two groups The idiopathic cases were in an 
older age group (53 to 77 years), there was no fever except terminally in one case, 
the spleens were larger and lymphadenopathy was Jess prominent The average 
duration of illness in this group at the time of writing was thirty-two and one-half 
months as compared to sixteen months in the tuberculous patients There was no 
evidence of active tuberculosis in the idiopathic group In general, the idiopathic 
cases resembled the tuberculous cases hematologically, but the latter group ran a 
septic course and terminated fatally within a shorter time 

Discussion 

Fathogenesis The possible role of tuberculosis in the production of myelofibrosis 
has been considered by previous writers (see Review of the Literature) However, 
there is no clean-cut evidence in favor of this relationship In a prehminary study 
of this subject, one of us (H W C )^^ proposed that the acid-fast organisms found 
in the atypical tubercles of M B and in other cases reported in the literature may 
be responsible for the myelofibrosis Furthermore, since the atypical tubercles in 
these cases resembled the lesions produced experimentally with avian tuberculosis. 
It was suggested that the organisms be identified in subsequent investigations 
This was done in W D where the acid-fast bacilli were obtained at autopsy and 
Jdentified according to the method described by Feldman The organism in this 
case was found to be a human tubercle bacillus, possibly of low virulence and 
definitely sensitive to streptomycin 

* Mallory s connactne tissue stain 
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and sometimes connective tissue fibrils with islands of hyperplastic myelopoietic 
tissue Further evidence that tuberculosis depresses the marrow is demonstrated by 
the suppression of leukemia by an active tuberculous infection (Jaffe/'* Hcinle and 
Weir"^ and Ulrich and Parks-®} 

Undoubtedly the atypical miliary tuberculosis seen at autopsy in the cases re- 
ported here and in the literature represent a terminal dissemmination of the type 
described by Rich However, a review of the clinical course, physical findings 
hematologic and pathologic examinations coupled with the autopsy findings and 
bacteriologic studies, strongly suggest a protracted, progressive granulomatous 
disease of tuberculous origin The degree and extent of fibrosis of the marrow and 
other organs may be dependent upon factors previously enumerated and upon the 
length of life of the patient The marrow fibrosis in these cases is considered to be 
part of a generalized disease 

Diagnosis The possible diagnosis of myelofibrosis must be entertained when a 
patient complaining of bizarre pain, weakness and weight loss is found to have 
splenomegaly, hepatomegaly, lymphadenopathy and hematologic findings of 
refractory anemia with a Icukemoid reaction Tuberculous involvement is to be 
thought of if there is in addition a recurrent, spiking or persistent unexplained 
fever 

A sternal aspiration in myelofibrosis reveals a hypocellular marrow with an in- 
crease in the megakaryocytes The tuberculous case frequently shows an initial 
marrow hyperplasia followed by hypoplasia This material must be carefully 
studied for tuberculosis as described by Schleicher A bone marrow biopsy must be 
obtained to confirm the diagnosis of myelofibrosis Lymph node biopsies and 
splenic punctures may be of assistance These tissues should be cultured, inocu- 
lated into guinea pigs and examined pathologically for acid-fast organisms X-ray 
examination of the chest may reveal evidence of miliary tuberculosis but the ab- 
sence of findings does not rule out this disease With the proper diagnostic approach 
It should be possible to make the diagnosis of myelofibrosis with tuberculosis ante- 
mortem in many cases 

Treatment Blood transfusions temporarily raise the oxygen carrying power of 
the blood but have no effect on the course of the disease As is to be expected, 
there is no response of the anemia to liver and iron, and sulfonomides and penicil- 
lin have no effect on the fever Splenectomy and irradiation are contraindicated as 
they reduce the compensatory hemopoietic mechanism and probably hasten death 
Streptomycin offers the only hope in the treatment of this disease Recent reports 
indicate that certain cases of generalized tuberculosis’® and tuberculous meningitis 
arc benefited by adequate treatment with streptomycin When the diagnosis is 
made, it would seem logical to give x to 3 Gm of streptomycin daily over a pro- 
longed period of time Since the disease is characterized by spontaneous remissions, 
one must be guarded in interpreting therapeutic results 

Summary 

M)elofibrosis (fibrotic bone marrow and, usually, an increase in megakaryo 
cytes} IS characterized by generalized pains, weakness, loss of weight, enlargement 
of the liver and spleen and a leuko-erjthroblastic anemia 
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Four cases of myelofibrosis associated with generalized tuberculosis have been 
reviewed m detail Autopsy examination of the 4 cases revealed acute, caseating 
tuberculosis which was considered to be responsible for the bone marrow and gen- 
eralized fibrosis observed A similar type of tuberculosis occu^ed in 7 of 9^ "^ses 
of myelofibrosis reveiwed in the literature The pathogenesis of myelofibrosis asso- 
ciated with tuberculosis is discussed 

In the diagnosis of this syndrome, attention is called to the , J"' 

taimng a bone marrow biopsy and making a complete bacteriologic an pat o g 

study of this tissue for tuberculosis 

The 4 tuberculous cases here reported as compared with 5 cases of idiopat 
type, are younger, have hyperpyrexia, less splenic but greater lymph node enlarge- 
ment and run a shorter course before death 
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THE OCCURRENCE OF NORMOBLASTS IN THE PERIPHERAL BLOOD IN 
CONGESTS HEART FAILURE AN INDICATION OF 
UNFAVORABLE PROGNOSIS 

By J Groen, M D , and E G Godfried, M D 

D uring the past year the authors have observed 9 patients with severe 
congestive heart failure, all of whom showed a varying number of normo- 
blasts m the peripheral blood In some of these cases there was a temporary remis- 
sion of the sequellae of the heart failure, during this remission the normoblasts 
disappeared from the peripheral blood However, in all cases the patients died 

Case Reports 

I C D , a 34 year old woman, was admitted on June ix, 1946, because of decompensated mitral 
Stenosis She was slightly jaundiced, the Iner was greatly enlarged, there were infarcts in both lungs 
Fi\c per cent normoblasts were found in the peripheral blood The pauent died on July 2., 1946 The 
diagnosis was confirmed at autopsy 

Ant a S \V , a 56 year old woman, entered the hospital on May 9, 1946, because of dyspnea, from 
which she had been suffermg during the previous si\ months She was cyanotic, dyspncic, and had slight 
jaundice On examination, a mitral insufficiency, stenosis and auricular fibrillation were found The liver 
Was much enlarged, there was extensive edema During this period, 10 and 17 per cent, rcspectivelj , of 
normoblasts were found on two occasions in the peripheral blood, but these disappeared within three 
a) s when her condition improsed In spite of this remission, the patient died on May ix, 1946 On the 
i> before her death she had another infarction of the lung 
On May 13, a sternal puncture had been performed The bone marrow was found to be essentially 
normal, but the presence of a relatively great number of normoblasts and crythroblasts w'as noted (about 
15 psr cent of all nucleated cells) 

The diagnosis of valvular heart disease was confirmed at autopsy, there were many infarcts in both 
ungs and a thrombosis of the left auricle of the heart 
Case 3 A G , a no year old woman, entered the hospital on May 4, 1946, with cardiac decompensation, 
uc to insufficiency and stenosis of the mitral valve She was dyspncic but not cyanotic There was no 
pundice The liver was enlarged There was massive edema of the legs The blood count was as follows 


Maj 6, 1946 
11,800 
3 640,000 
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Leukocytes 
Et)T:hroq tes 

Hemoglobin 
Normoblasts 
Myelocytes 
Metamyelocytes 
Stabs 

Poly nuclear cells 

Eosinophiles 
Monocyucs 
Ly mphocy tes 

mere was a marked anisocytosis, poikilocytosis, polychroroasia, anisochroraia and macrocitosis 
oe patient died on May S, 1946 The autopst showed a verrucous endocarditis (of the mitral and aortic 

y^l'es), thrombi m the left auricle of the heart, congestion, fatty degeneration and regeneration of the 
fiver 

\ D , a 34 year old man, was admitted on June 1.S, 1946, with a diagnosis of insufficicncv and 
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stenosis of the mitral valve and aortic stenosis He was cyanotic and extremely dyspneic There was 
slight jaundice The In er was palpable There was no edema The patient had distinct anginal pain An 
electrocardiogram showed changes that were typical of a severe myocardial lesion The blood picture 
was as follows leukocytes, 7,000, erythrocytes, 5,000,000, hemoglobin, 100, normoblasts, 3, stabs, 4, 
polynuclear cells, 80, monocytes, i, lymphocytes, 15 

The patient died on July 5, 1546 No autopsy was performed 

Cast 5 H S . a 71 year old man, was admitted on March 4, 1946, with cardiac asthma He had been 
know n for years to ha\ e suffered from hypertension The patient was extremely cyanotic There was slight 
jaundice and very sev ere dyspnea He showed all the signs of congestive heart failure There was extensive 
edema of the legs ascites and hydrothorax One normoblast was found per 100 nucleated cells When the 
signs of heart failure disappeared, normoblasts were no longer seen The patient died November 4, 1946 
Autopsy show ed hypertrophy of the heart, multiple emboli in both lungs and chronic glomerulonephritis 
Cast 6 P H , a 48 ) ear old woman, w as admitted on November 9, 1946, with mitral insufficiency and 
stenosis She was dyspneic and cyanotic No jaundice was present There was gangrene of the tip of the 
nose and of both lower legs No pulsations were felt in the left femoral and the right popliteal arteries 
There was an infarct in the right lung The blood count was as follows leukocytes, u.,000, erythrocytes. 


Table i — Blood Putssn of S W (Case a) 
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Polynuclear cells 
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4,0X0,000, hemoglobin, 59, normoblasts, i, stabs, 6, polynuclear cells, 80, eosinophiles, i, monocytes, 3, 
1) mphoc) tes, 10 

The patient died on November 16, 1946 The autopsy revealed a thrombus in the left auricle of the 
heart, an infarct of the lower lobe of the right lung, an embolic obturation of the left iliac artery and con- 
gestion of the liver 

Cast 7 T V , a 45 year old woman, was admitted on November 19, 1946 She had a historj of chorea 
tvvent) -seven )cars previously A diagnosis of mitral insuffiaency and stenosis was made The patient 
had auricular fibrillation and multiple infarctions of both lungs There was gangrene of the tip of the nose 
and of the right foot, the latter was caused by an obturation of the right femoral artery The patient was 
extremel) d)spneic and deeply cyanotic There was no jaundice An electrocardiogram showed bundle 
branch block The blood count was as follows leukocytes, i,8oo, erythrocytes, 4,300,000, hemoglobin, 
78, normoblasts, 4, mjclocjtes, i, metamyelocytes, i, stabs, i, polynuclear cells, 78, monocytes, i, 
l)mphoc)tes, 14 

The patient died on November xo, 1946 At autopsy the clinical diagnosis was confirmed valvular 
heart disease, thrombosis of the right auricle, multiple infarctions in both lungs A small amount of 
fluid was found in both pleural cavities Cardiac cirrhosis of the liver with regeneration was also present 

Cast S T S , a 40 jear old woman, was admitted for the first time on April X4, i 94 fi> because o 

mitral insufficienc} and stenosis, vvith auricular fibrillation She had a greatly enlarged liver with ascites 

The patient left the hospital on Jul) 6, and was readmitted on August 30 On this second admission she 
was extremel) dyspneic, c)anotic and subictcnc On October 1, a few normoblasts were found in the 
peripheral blood The patient died on October 14, 1946 Ac autops) , the mitral valve lesions were foun , 








J GROEN AND E G GODFRIED 


1447 


m addition, she had a tricuspid stenosis and there was a thrombus in the right atrium The lit er w as cir- 
rhotic 

Case p J D , a 63 jear old woman, was admitted on November 13, 1546, with a diagnosis of mitral 
insufficiency and stenosis, w ith auricular fibrillation, and decompensation She was slightly dyspncic, and 
deeply cyanotic There was no jaundice Infarctions were present m both lungs The blood count was as 
follows leukocytes, 5,600, eiy throc)"tes, 4,300,000, hemoglobin, 88, normoblasts, 2., polynuclear cells, 
66, cosmophiles, i, monoc} tes, 5 , lymphocytes, zy 

The patient died on February 5, 1547 The clinical diagnosis was confirmed at autopsy, there were 
multiple infarctions in both lungs 


Discussion 

The appearance of normoblasts in the blood of patients with congestive heart 
failure is mentioned only twice in the literature The standard textbooks of diseases 
of the blood and of the heart describe the finding of normoblasts m the peripheral 
blood only in relation to congenital heart disease accompanied by cyanosis In 


Table zrf — Cabot s cases 


Patient 

Age 

Clinical data 

' Hematologic data 

Remarks 

Case I 

8 

Mitral disease, ne- 
phnas 

Hb 35, z% normoblasts, leukocytes 
zzo,ooo 

Died 

Case 11 

2-S 

Mitral disease, aortic 
insuffiaency 

Hg 35, 1% normoblasts, leukocytes 
13,000 

Died 

Case III 

30 

1 

1 

Mitral disease, aoruc 
insuffiaency 

ist day Hb 10, 8% normoblasts, 
leukocytes 6,000 

7th day Hb 10, 4% megaloblasts, 
7% normoblasts, leukocytes 4,zoo 
15th day Hb 15, leukocytes 10,400 
zoth day Hb iz 5, 1% megalo- 
blasts, leukocytes 5,000 

5 


acquired valvular disease, and in other forms of congestive heart failure, this sign 
seems to have been overlooked by the majority of investigators 
Cabot^ mentions, in the fifth edition of this book, ‘The Clinical Examination of 
fhc Blood,’ three cases with decompensated mitral disease in which a severe ane- 
^la Was present The blood contained nucleated red cells All three were chronic 
cases Without active endocarditis He does not give further details, and there are 
no data regarding the presence of infarcts in the lungs Two of Cabot s patients 
^*cd, the fate of the third is not mentioned 
In 1531, Frank and Hartmann- described six patients with various tyjxrs of 
tight-sided heart failure ’ in whom normoblasts were found in the peripheral 
blood All cases showed cyanosis and some degree of jaundice, and all of them died 
The cases of Frank and Hartmann were not anemic 
Table 2. summarizes the authors observations, and some of the data on the cases 
escribed bj Cabot, and Frank and Hartmann From this table it is ea idcnt that all 
the cases showed a verj severe insufficiency of the heart It is also clear that it \\ as 
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Table %h — Frank and Hartmann Cases 


Patient 

Age 

Climcal data 

Hematologic data 

Remarks 

Case I 

5^ 

j 

i 

[ 1 

Anginal complaints, dysp- 
nea, pleural transudate, 
anasarca 

Hb gx, 7% crythroblasts 

Autopsy Coronary scle- 
rosis, myodegeneration 
of heart, aneurism of 
left ventricle with 
thrombosis 

Case II 

|3.| 

I 

1 

Insufficiency and stenosis 
of mitral and aortiCi 
valves, insufficiency of! 
tricuspid valve, dccom-l 
pensation, enlarged liv 
cr, slight jaundice, in- 
farctions in lungs 1 

1 

Hb 48, 1% macroblasts, 
4% normoblasts, leuko- 
cytes X5,ooo 

Died Noautopsj 

Case III 

1 

33| 

1 

i 

1 

! 1 

1 

1 years before admission,! 
amputation of leg for] 
gangrene caused by end- 
artentis obliterans, 

pneumonia , slight 
jaundice 

Hb 50, 4% crythroblasts, 
leukocytes ly.xoo 

3 days later Hb 88, 14% 
crythroblasts, leukocytes 
19,000 

5daysJatcr Hb 87, per 100 
xxhitc cells 175 crjthro- 
blasts, 14 macroblasts, 
leukocytes 14,800 

Autopsy Thrombus in 
left xentnde and right 
atrium, arteriosclerosis 
and formation of a 
thrombus in right coro 
nary artery, myocardial 
infarcuon Thromban 
guns obliterans of ab 
dominal aorta 

Case IV 

h| 

I 

Coronary thrombosis, 

edema of legs, jaundice 

: Hb 67, 4% crythroblasts, 
leukocytes 10,000 

Autopsy Coronary 

thrombosis, ancunsra of 
left ventnde of the heart 
with a large thrombus 

Case "V 

1 

i 34 

1 

Strong cyanosis, edema 

xnd day Hb 87 per 100 
xvhitc cells, 64 crythro- 
blasts, 6 macroblasts, 
leukocytes xr,4oo 

3rd day Hb 87 per 100 
xvhitc cells, 31 macro- 
blasts, 13 erj throblasts, 
leukocytes 17,700 

Autopsy Hypertrophy 

of nght ventnde, 
thrombi in left ven 
tnde, thrombosis of 
nght pulmonary atterj 

Case VI 

4^ 

1 

Insufficiency and stenosis 
of mitral lalie, insuf- 
ficiency of tricuspid 

1 all c, extreme cyanosis, 
extreme dyspnea, jaun 
dice, edema 

1 

3th day Hb 78, x% norm- 
oblasts, leukocytes 

10,500 

nth day 1% macroblasts, 
1% crythroblasts 
iith daj 7% crytbro 
blasts, 3% macroblasts 
13th day 4% crytbro 
blasts 

Autopsy Chronic endo- 
carditis of mitral and 

tncuspid valve, atrophy 

and regeneration of 

liver, jaundice 


the decompensation and not any specific type of heart disease that caused t^ 
normoblastosis Among the patients showing the phenomenon there were cas 



Table ir — Atrthors observations 


Patient / 

k-ge 

Clinical data 

Hematologic data 

Remarks 

Case I 

34 

6/il Stenosis and insuf- 
fiacncy of mitral valve, 
auricular fibrillation,' 

congestion of lungs, or-j 
thopnea, c)anosis, ede- 
ma of legs 

6/15 Jaundice 

6/17 Infarction in lung 
6/30 Greatly enlarged 
liver 

y/i Died 

6/19 5% normoblasts 

6/li 3% normoblasts, Hb 

59 

6/l5 i% normoblasts 

6/l7 i% normoblasts 

Autopsy Chronic pan- 
carditis, hypertrophy of 
heart, thrombosis in 
both ears of heart, in- 
farction in lung, edema 
of legs 

Case II 

56 

5/9 Insufficiency and 
stenosis of mitral valve, 
auricular fibrillation, 
enlarged li\er, edema of 
legs, orthopnea, cyano- 
sis, slight jaundice 

5/13 Injecuon of salyr- 
gan, followed by a large 
diuresis 

5/ll Died 

5/10 Hb 77, 10% normo- 
blasts, leukocytes il,500 
5/11 17% normoblasts 
5/13 4 hrs after injection 
of salyrgan 3% normo- 
blasts 

From 5/14 onward, no 
normoblasts 

5/1L Sternal puncture — 
bone marrow almost 
normal, l 5% of nucle- 
ated cells are normo- 
blasts and erythro- 
blasts 

Autopsy Recurrent endo- 
carditis of mitral valve, 
hypertrophy of heart, 
infarction in lungs, 
thrombosis of left 
heart-car 

Case III 

10 

3/4 Insuffiaency and 
stenosis of mitral valve, 
enlarged liver, edema of 

keg 

5/8 Died 

5/6 Hb 61, no normo- 
blasts, leukocytes il,8oo 
5/7 7% normoblasts, leu- 
kocytes 17,000 

Autopsy Verrucous 

endocarditis (mitral and 
aortic valves), thrombi 
in left heart-car, con- 
gesuon of the liver with 
fatty degeneration and 
regeneration 

Case IV 

34 

6/l8 Insufficiency and 
stenosis of mitral \alve, 
stenosis of aortic valves, 
enlarged liver, cyanosis, 
extreme dyspnea, slight 
jaundice, no edema 

7/5 Died 

Hb 100, 3% normoblasts, 
leukocytes 7,000 

No autopsy 

Case V 

71 

1 

1 

3/4 Decompensated hy- 
pertension, cardiac 

asthma, extreme dysp- 
nea and cyanosis, slight 
jaundice, hx drothorax, 
ascites, gangrene and 
edema of legs 

3/10 Regression of de- 
compensation 

8/30 Man} attacks of 
dxspnea, general condi- 
tion poor 

11/4 Died 

3/4 1% normoblasts, leu- 
koc>tcs 1,300 

3/10 no normoblasts 

1 

Autopsy H} pertrophy of 
heart, emboli of lungs, 
chronic nephritis 
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Tadlb 1C — Conttnuti 


Patient i 

*i£e 

Clinical data 

Hematologic data 

Remarks 

Case VI 

48 

11/9 Insufficiency and 
stenosis of mitral vahe, 
dyspnea and cyanosis, 
gangrene of tip of nose 
and both legs belon 
knee, obturated left 
femoral artery and right 
popliteal artery, infarc- 
tion in lung 

11/16 Died 

11/9 Hb 59, 1% normo- 
blasts, leukocytes ii.ooo 

Autopsy Chrome endo 
carditis, stenosis of 
mitral vahe, thrombus 
in left heart-ear, era 
bohe obturauon of left 
iliac artery, infarction 
in lung, congesuon of 
liver 

Case VII 

43 

1 

11/19 Insufficiency and 
stenosis of mitral \alvc, 
auricular fibnllation,! 

decompensation ofl 

heart, infarction in 
lung, gangrene of up of 

I nose and of right foot, 
extreme dyspnea and 

1 extreme cyanosis bun 

' die branch block 

11/2.0 Died 

11/19 7^> 4% normo- 

blasts, leukocytes i,8oo 

Autopsy Chronic endo 
cardius, stenosis of mi- 
tral vahe, thrombus 
in right auricle of heart, 
cardiac arrhosis of liver 
with regenerauon, in- 
farcuons in lungs 

Case VIII 

40 

^ 4/14 Insufficiency andj 
j stenosis of mitral tail e,i 
auricular fibrillation,] 
cirrhosis of Incr, dysp 
nea, c)anosis, slight 
jaundice 

10/14 

lo/i Hb 78, 1% normo- 
blasts, leukocytes 10,600 

Autopsy Chronic endo 
carditis of mitral, aor- 
uc and tncuspid calces, 
thrombus in ught 

1 atnura, cirrhosis of he cr 

Case IX 

63 

1 

1 

I ii/ij Insuffiaency and 
stenosis of mitral calve, 
auncular fibrillation, 
decompensation of 

heart, slight dyspnea, 
extreme cyanosis, in- 
farction of lungs 
iz/ii General condition 
poor 

i/5 of next )car Died 

11/15 Hb 88, i% normo 
blasts, leukocytes 5,600 

Autopsy Chronic endo 
carditis of mitral valce, 
infarctions in lungs 


of decompensated valvular heart disease as well as cases of heart failure in hyper- 
tension or in coronar)" thrombosis In Cabot s cases it might be argued that the 
normoblastosis was a result of the anemia rather than of heart disease, but m 
all other cases anemia placed no role The predominant factor in these nonanemic 
cases seemed to be a marked diminution of the oxygenation of the blood m the 
lungs, as evidenced during life b} severe cyanosis After death this was cxplamc 
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in many cases by the finding of a thrombus in one of the auricles or ventricles of the 
heatt and/or infarcts of the lungs Three of Frank and Hartmann’s cases had myo- 
cardial infarction with secondary formation of a mural thrombus in the left ven- 
tricle One patient had a thrombosis of the right pulmonary artery Two patients 
had severe decompensation as a result of mitral stenosis In all our cases, thrombosis 
or embolism inside the heart or pulmonary arteries was found, eight times this 
was verified at autopsy Apart from thrombi and emboli in the heart and lungs, 
the postmortem examinations showed no changes which could have caused the 
normoblastosis Fatty degeneration of the liver was regularly present, cirrhosis 
and regeneration of bile ducts were sometimes prominent features No extramedul- 
lar blood formation was found 

Taking into consideration Cabot’s anemic cases, the conclusion is justified that 
peripheral normoblastosis occurs especially in those patients with heart failure who 


Table 3 


No 

i 

Age 

Diagnosis 

Normo- 

blasts 

Duration of 
life after first 
detection of 
normoblasts 

C>anosis 

Dj-epnea 

Thrombi 
in heart 

1 

( 

Infarcts 
m lungs 

I 

34 

Mitral disease 

per cent 

5 

13 days 

+ 

+ + 

+ 

1 

+ 

1 

56 

Mitral disease 

10 

11 days 

-b 

-b 

+ 

+ 

3 

10 

Mitral disease 

7 

I day 

— 

+ 

-b 

- 

4 

34 

Mitral disease, aortic stenosis 

3 

7 daj s 

+ 

+ + 

? 

- 

3 

71 

Decompensated hypertension 

I 

10 months 

+ -b 

-b + 

- 


6 

48 

Mitral disease 

I 

7 da) s 

+ 

-b 

+ 

+ 

7 

45 

Mitral disease 

4 

I day 

+ 4- 

+ + 

+ 


8 

40 

Mitral disease, tricuspid ste- 

1 

13 da) s 

+ 

+ 

+ 

— 

9 

1 ®3 

nosis 

Mitral disease 

z 

3 months 

+ + 

-b-b 

— 

+ 


Jitc Cither markedly cyanotic or strongly anemic, so that it appears as if anoxia is 
the most important cause of the normoblastosis We are inclined, therefore, to 
regard the occurrence of normoblasts in the peripheral blood as an indication of 
tn attempt on the part of the bod) to increase the number of circulating red cells 
a result of the stimulus which anoxia exerts on the blood-forming apparatus 
Apparcntl) , normoblasts appear in the peripheral blood onh when anoxia is ex- 
treme, in a degree that occurs onh in the ver) severe forms of heart failure 
Decompensation alone docs not seem to produce the phenomenon, it requires the 
presence of thrombi and or infarcts in the lesser circulation This is probabh the 
reason \\h\ Walter, Blumgart and ^'olk'' did not find normoblasts in the blood in 
their cases of congestive he irt failure, as thea excluded all cases with eoinplica- 
tions from their studa Thea noted, hoaaever, that there aaas an increase in rcticu- 
loea tes m the j^eripher il blood in heart failure, a\ hieh disappeared a\ hen the eondi- 
t'on im]''roaed 

The presence of normoblasts in the peripheral blood in heart failure thus '.eems 
to indicate that the condition is complicated ba mural thrombosis in the heart o 
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pulmonary artery, or by pulmonary emboli, or a combination of these conditions 
Hence, it is easily understood why peripheral normoblastosis is a sign of such poor 
prognosis 

In some, but not in all cases, the normoblastosis was accompanied by a leukocy- 
tosis and (or) the presence of young precursors of the myeloid group Some cases 
showed not only a peripheral normoblastosis but a distinct leuko-crythroblastic 
blood picture This was most pronounced in one of Frank and Hartmann’s patients 
who had a total white count of li,ooo and not less than 70 per cent nucleated red 
cells 


Summary 

The authors recommend the search for normoblasts in the blood of patients with 
severe heart failure When normoblasts are found, a marked interference with the 
oxygenation of the blood, either by pulmonary infarcts or thrombi inside the heart, 
IS most likely to be present It seems justifiable to consider the prognosis as very 
grave in these cases This rule proved to hold even in those cases where, concomi- 
tant with an improvement in the heart failure, the normoblasts disappeared tem- 
porarily from the peripheral blood 
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THIAMIN DEFICIENCY IN THE RHESUS MONKEY 

Clinical, Metabolic and Hematologic Observations 

J F Rinehart, M D , L D Greenberg, Ph D , and L L Ginzton, M D 

A n important advance in nutritional research was the development of an 
essentially synthetic diet adequate for study of single deficiencies in the 
monkey * It seemed most timely to restudy the vitamin deficiencies in a primate 
whose metabolic processes might be expected to approximate those of man 
most closely This report is concerned with the study of thiamin deficiency Seven 
rhesus monkeys (Macaca mulatta) were subjected to one or more episodes of 
thiamin deficiency Observations were made on food consumption, weight, clinical 
behavior, thiamin metabolism and the blood picture Finally the animals were 
sacrificed and detailed pathologic examinations were made In this report the 
experimental method is reported together with the clinical metabolic and hema- 
tologic observations enumerated above The pathologic findings resulting from 
recurrent thiamin depletion with particular reference to characteristic degenerative 
changes occurring in the heart muscle and severe retrogressive changes in the 
nuclear structures of the central nervous system have been reported- ® and will be 
detailed elsewhere 


Experimental Method 

Ths diet used m these experiments was a modification of the M-3 diet of Waisman ct al^ and consisted 
of powdered sucrose 73, vitamin test casein (General Biochemicals) 18, Hawk and Oser salt mixture 4, 
ind corn oil x Sulfited liver extract equivalent to ico grams of Wilson Laboratories L fraction prepared 
according to the method of Kline and co-workers® was added to each 4 kilograms of diet The diet was 
dried, granulated and following the addition of 1 per cent calcium stearate compressed into tablets weigh- 
ing approximately x grams * The basal diet was fed ad libitum The diet in pellet form had the advantage 
of curtailing waste and facilitating the estimation of the daily food consumption A vitamin tablet con- 
taining daily dosages similar to those of Waisman et al was fed each day Each vitamin tablet contained 
the following nicotinic acid, 5 mg , riboflavin, i mg , pyridoxine hydrochloride, i mg , calcium panto- 
thenate, 3 mg , choline dihydrogen citrate, 100 mg , paraminobcnzoic acid, 100 mg , inositol, 100 mg , 
and ascorbic acid, X5 mg , plus sufficient powdered sugar to make a tablet weighing i 5 to x grams The 
nionkeys accepted these vitamin tablets willingly and consumed them eagerly Control monkeys were 
guen 1 or o 5 mg thiamin chloride daily In addition the monkeys received by mouth 5 drops of 
'■tamin A and D concentrate twice weekly and additional sulfited liver extract (equivalent to x “j Gm 
daily) twice or thrice weekly as a source of biotin and folic acid Some animals also receixcd 5 drops of 
•nixed tocopherols (Napco) once a week 

During the course of these studies the weight? and daily food consumption were followed carcfullj 
Blood Was taken by \cnipuncture at approximately xveekly intervals for the determination of thiamin 

From the Department of Pathology, University of California Medical School, San Francisco, Cali- 
fornia 

The w ork has been aided by a Grant from the California Fruit Grow ers Exchange and the A B Miller 
Fund Wc arc indebted to Dav id Klein of Wilson Laboratories for generous supplies of Liv cr Fraction L 

* Wc arc grateful to Mr S J Dean of the College of Pharmac) for his assistance in the preparation of 
these tablets 
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levels and for hematological studies At autopsj- pomons of ^vcral ussnes were removed from each mon- 
kc\ and prepared for analvsis of thiamin and nboflavin content The methods used for the analrsis of 
thiamin of blood and us^cs have p'cviously been desenbed * The method for the esnmanon of nboflavm 
svill be reported in another article The animals ttctc niberculm tested bp injection vnth old niberculm 
in the esxlids Positive reactors were rejected The monLcvs were then placed on the pnnfied diet mth 
complete supplementation for one to two weeks, and control tests were earned out so that each rnonkep 
could 'tree as his own control The occasional animal who failed to adapt itself to the diet or failed to 
gam in weight durmg the control penod was rejected With the exception of one monkev all the ammals 
u'ed weighed between iSoo and 3600 grams The one cxcepuon was an older animal wcighmg 7000 grams 
which had p'CvionsU been used in some other studies In all, 7 monkeys were emplovcd m this study and 
were subjected to one or more penods of depletion 



Fig 1 TmsMiN DmaENcr tx Movket Ko 314? 

Graph ot food consumpnon blood thiamin, and weight 

Clixical Observatioxs 

The climcal bchat lor of the animals was in most respsccs similar to that reported 
b} Waisman and McCall ’ In general the monkevs ceased gaimng after two weeks 
on the thiamin deficient diet This was either followed by a plateau of the weight 
curt e for several dat s or bt loss of weight The weight loss was usualh associated 
with a decreased food consumption and marked lowenng of the blood thiamin as is 
shown in figure i and x, which are representative of the changes observed m 
monkevs on the thiamin deficient diet As the deficicnc) progressed the animals 
continued to lose weight, became apathetic and inactive, and weakness was 
evident Finallt , if the depletion period were prolonged, the animals became 
ataxic Some developed ptosis and tremors Retching was observed on sc^c^3l 
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occasions The monkey would make every attempt to prevent the escape of vomitus 
from his mouth by trapping it in his buccal pouches and would ultimately 
resv'allow it Convulsive movements have been observed in one or more of the 
animals If thiamin were administered at this stage a dramatic response was 
obsen'ed in twenty-four to forty-eight hours The improvement in locomotion, 
alertness and appetite was striking On the other hand, if the period of thiamin 
deprivation were not interrupted at this stage it was but a matter of a few days 
until the monkey was unable to sit on its perch or even stand upon the floor of the 
cage without difiiculty 



Graph of food consumption, blood thiamin, and weight 

At times there appeared to be a paralysis of the hind legs The animal could climb 
Or move m the cage only by the use of its forelegs Occasionally the onset of acute 
^hiarrun deficiency was so sudden that no manifestations were evident, aside from 
''eight loss, mild anorexia and decreased activity, until the animal became ataxic, 
ollowed by a state of collapse Edema was observed in only one animal during the 
^nod of depletion However, following administration of thiamin to acutel) 
eficient animals we have in several instances observed the appearance of edema 
he control animals continued to gain weight (although not as rapidh as animals 
"e have had on our stock diet), and to remain strong and health} during the 
<^ourse of the experiment We have maintained control animals on the complete diet 
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for a year or longer without any obvious alterations in their strength or vigor 
One control animal was sacrificed and autopsied after having been on the diet for a 
period of six months and no pathologic changes were in evidence during either 
gross or microscopic examination of the tissues 

Thiamin Metabolism 

Blood thiamin During the period while the monkeys were on the complete diet 
including the thiamin supplement, the blood thiamin levels ranged from 5 5 to 10 
micrograms per 100 ml of whole blood This range of values is similar to that 
observed by us in healthy human beings Following withdrawal of the thiamin, 
and simultaneously with the first fall m weight and food consumption, the blood 
thiamin usually dropped to values of 4 micrograms or less Except for some minor 
fluctuations these values remained low When sufficient thiamin was administered, 
this was reflected in the blood level by a significant rise The alterations of the 


Table i — Thiamin Kequirtntent of Monkeys 


Monkey no 

\Vt 

Dose of 
thiamin 
adminis 
tered 

Elapsed 

tune 

Jlimmum 

requirement 

microftrams' 

kr /day 


he 

nt 



M5 

3 

4000 

36 

XX 

69 

5- 75 

1000 

50 

7 3 

3191 





ist-xnd depletion 

I 9 

xoo 

II 

9 6 

ind- 3 rd dcpleuon 

I 7 

500 

IX 

X4 6 

3 rd- 4 th depletion 

I 7 

150 

8 

18 3 

73 

^ 57 

1500 

91 

2-7 5 

Average 

15 3 


blood thiamin levels are charted in figures i and 2. The blood thiamin levels of 
control animals remained well above 5 mg per 100 ml during the course of the 
experiment 

M.intmal thiamin requirement A rough estimate of the minimum thiamin require- 
ment of the monkey can be obtained by observing the time required to redeplctc 
an acutely deficient animal following the administration of a small dose of the 
vitamin Although there is a possibility that a portion of the vitamin may pass 
through the gastrointestinal tract unabsorbed (if administered by mouth), or that 
a portion may be eliminated in the urine if the dose is too large, for this calculation 
the assumption is made that the full dose is retained If the total dose is divided 
by the product of the elapsed time in days and the weight in kilograms, one ob 
tains a value for the minimum daily requirement per kilogram of body weight 
Calculations of this type have been earned out on 4 individual monkeys and arc 
summarized in table i In the case of Monkey No which was carried throug 
four depletion periods, three different observations on this same animal are re 
corded The values recorded show considerable variation However, the average 
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value obtained is 15 5 micrograms per kilograms per day and is in close agreement 
with the value reported by Waisman and McCall ‘‘ It should be pointed out that 
this does not represent an intake adequate for normal metabolism 
Tissue thtaww Certain tissues were removed at the time of autopsy and subjected 
to thiamin and riboflavin analysis In nearly all cases (with the exception of one) 
the deficient animals were sacrificed in the terminal stage of deficiency by the 
admimstration of chloroform For purpose of comparison a control animal was 
sacrificed at the termination of the study The latter was in excellent health after 
_ having been maintained on this purified diet for a period of six months In table x 
we have summarized the results of our analyses These data show that there is a 
marked lowering of the thiamin content of everj"^ tissue examined in the deficient 
animals 

In the case of riboflavin the heart, kidney and liver concentrations of the deficient 
animals were found to be slightly higher than those observed in the control 


Table 2. 


Mon 
ke\ ' 
no 

Control 
(C) or 
defic 
(D) 

1 Skeletal Muscle 

i 

Bram (cortex) 

1. __ ' 

Heart (\ entr ) 

Kidney 

Luer 

thiamin 

nbo 
flas m 

Thiamin 

Ribo 
fla\ m 

Thiamin 

Ribo- 

flaMn 

Thiamm 

Ribo- 

fla\m 

Thiamin 

Ribo 

flaiin 



7/im 

7/1 m 

7 /sm 

7/«m 

7/S'n 

y/em 

y/sm 

y/gm 

y/gm 

y/gm 

3163 

c 

0 9 

3 1 

I 6 * 

2- 5 

3 3 

6 8 

3 3 

19 6 

X I 

18 9 

3175 

D 

0 4 

— 

0 3 


0 3 

6 6 

0 3 

17 8 

0 7 

X 4 I 

3191 

D 

0 2. 

I 8 

0 4 

2. 8 

0 3 

8 7 

0 6 

3 

0 3 

XI 4 

3177 

D 

0 3 

I 7 

° 5 

X 3 

0 3 

10 0 

0 9 

2.3 1 

° 7 

16 8 

3146 

D 

0 3 

I 8 



0 4 

10 X 

, 0 6 

XX 0 

0 6 

X 3 4 

69 

D 

0 X 

I 5 

— 

— 

0 9 

9 6 

I 0 

2_4 8 

0 8 

XI 4 

73 


0 X 

I X 

— 

— 

0 3 

7 3 

1 3 

XI 3 

0 9 

18 5 

M5 

D 

0 3 

I X 

1 

1 

— 

0 3 

8 2. 

0 8 

X 3 X 

0 9 

18 4 


animal However, this is offset by the greater concentration of this vitamin in the 
skeletal muscle of the control animal 

Although it IS difficult to compare tissue vitamin levels of one species of mammal 
With those of another species since the intake is known defimtely to influence the 
concentration of the vitamins, we can point out that the control levels found in 
the monkey are similar in some respects to those found in the rat and in man 
Figures® obtained m our laboratory on the rat on a 107 per day level are of the same 
order for heart and muscle, but higher values for kidney and lower values for liver 
are found m the monkey In general, rats with acute thiamin deficiency show lower 
figures for the tissues analyzed than those found m the monkey during the acute 
stage of deficiency The control thiamin values for monke) s skeletal muscle and 
heart are not significantly different from those of humans who have died of ac- 
cidental death Liver and kidney of human origin have shown lower values than 
those found in monke) s The tissue thiamin values recorded in the control monke\ 
ptobabl) represent saturation values in as much as the animal had received dailv 
thiamin m excess of its metabolic requirement 
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Hematologic Observations 

It IS generally considered that thiamin deficiency per se has little if any in- 
fluence in hematopoiesis ^ ® Our data indicate a significant influence on erythro- 
poiesis as is illustrated in figure 3 It will be seen that with depletion for thirty 
days there was a slight but definite reduction in the red blood cell count and 
hemoglobin At forty days this was obscured presumably by dehydration How- 
ever, at this time the reticulocyte count had fallen to zero On administration of 
small subcurativc doses of thiamin there were definite reticulocyte responses 
Interestingly this was accompanied by a fall in the red blood cell count and hemo- 
globin which was probably brought out by correction of dehydration A second 



animal showed a progressive fall of the red blood cell count and hemoglobin 
beginning at thirty days and continmng to the termination of the experiment at 
fifty days In this animal the red blood cell count fell from 4 7 million to 3 6 
million and the hemoglobin fell from 13 4 grams to 8 75 grams The reticulocyte 
count during the early phase of the experiment approximated i per cent falling to 
zero between thirty two and fifty days The complete suppression of circulating 
reticulocytes is of particular interest and is unique in our experience, not occurring 
in other deficiencies of the vitamin B factors studied The small bleedings for meta- 
bolic studies probably contributed very little to the anemia Such anemias did 
not develop in control animals The cases cited are typical of the 4 animals in which 
hematologic examinations were made The conclusion seems justified that thiamin 
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deficienqr m the rhesus monkey will cause anemia and that the mechanism is 
evidently due to suppression of reticulocyte formation 

Summary 

Seven rhesus monkeys were subjected to one or more episodes of acute thiamin 
depletion It is clear that sigmficant metabolic inadequacies preceded demonstrable 
structural changes Diminished food consumption and weight loss were manifest 
about two weeks after thiamin was removed from the diet When the deficiency 
was prolonged the ammals became apathetic, inactive and progressively weaker 
This was followed by ataxia and at times ptosis and tremors Even in such advanced 
states of depletion, admimstration of thiamin produced dramatic improvement in 
locomotion, appetite and reactivity The blood thiamin content of normal monkeys 
ranged from 5 5 to 107 per 100 ml of whole blood, values which are comparable 
to those of healthy human beings Following withdrawal of thiamin the blood 
concentration fell to values of 47 or less The tissue content of thiamin was cor- 
respondingly reduced in depleted animals The minimum daily reqmrement for 
thiamin calculated on the basis of the time required to redeplcte a deficient monkc) 
following a small dose of thiamin was approximately 157 per kilogram body 
weight Characteristic degenerative changes in the heart muscle and severe retro- 
gressive changes in the nuclear structures of the central nervous system previously 
reported were noted Based on careful hematologic studies in 4 animals it is 
concluded that thiamin is essential for normal erythropoiesis Acute or chronic 
depletion results in anemia due to suppression of red blood cell formation as 
indicated by severe depression or absence of reticulocytes in the blood 
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STUDffiS ON HYPOPROTEINEMIA I HYPOPROTEINEMIA IN 
PATIENTS WITH GASTRIC CANCER, ITS PERSISTENCE 
AFTER OPERATION IN THE PRESENCE OF BODY 
TISSUE REPLETION 

By F Homburger, M D , and N F Young, Ph D 
With the technical assistance of Iris Forbes, A B 

Introduction 

H YPOPROTEINEMIA occurs with greater frequency in patients with gastric 
cancer than in patients with other neoplasms or with bcmgn lesions of the 
gastro-intestmal tract This was noted earlier by various authors, and has been 
studied in this laboratory Hypoproteinemia becomes more pronounced and resist- 
ant to therapy following surgical treatment tor cancer of the stomach than follow- 
ing similar operations for benign lesions of the stomach or for cancers of other 
organs 

In previous studies from this laboratory, it was shown^ that the preoperative 
administration of large amounts of protein to patients with gastric cancer renders 
the postoperative hypoproteinemia less pronounced The present study revealed 
that hypoproteinemia, once it is established in patients with gastric cancer follow- 
ing operation, is persistent in spite of the administration of large amounts of protein 
adequate to result in sigmficant increase of body tissue protein 

Case Material and Methods 

GENERAL PLAN OF STUDY 

Patients v ho underwent partial gastrectomies for benign gastric ulcers and patients undergoing similar 
operations or e\ploratory laparotomies for cancer of the stomach svcrc given high protein, high caloric 
feedings as soon as possible following surgery Nitrogen balances were recorded for from 7 to 108 days 
and potassium, calcium, sodium and phosphorus balances iverc studied as well At regular intervals, 
plasma \olumes plasma protein concentrations and electrophoretic plasma protein fractions tvcrc de- 
termined It was thus possible to ctaluatc nitrogen retention, body tissue repletion and plasma protein 
regeneration, to compare the changes occurring in patients with benign gastric lesions to those observed 
in patients with gastric cancer and to esaluate the utilization and distribution of nitrogen in both 
groups 


CASE MATERIAL 

(Detailed case histones arc gnen in the Appendix ) The initial plasma protein \alues of all patients 
are recorded in table i 

Pat tints with Gastric Cancer 

Three patients had cancer of the stomach which was operable, and underwent partial gastrectomy’ 
(cases 4, 5 , and 6) These w ere i female and 2. males, aged 60, 46, and 50 respcctiv ely 

Se\en patients had inoperable cancer of the stomach Six of these underwent exploratory laparotomy 

From the Laboratory of Clinical Inscstigation, the Sloan-Kettering Institute for Cancer Research, 
New York 

This study was aided by grants from the Teagle Foundation and the National Cancer Institute 
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STUDIES ON HTPOPROTEINEMIA I 


i 46 t 

(cases 7, 8, 5, 10, II and 13) These were two females and four males, aged 69, 47, 31, 49, 70, and 64, 
respectn ely 

One patient (case ii) was found to have a resectable cancer of the stomach which was removed, but 
firm, large lymph nodes were felt in the portal region and in the omentum and were not removed This 
man was 65 years old 

Control Subjects 

Three patients sMth benign gastric ulcers were studied (cases i, x, and 3) These were three males, aged 
51, 45, and 53 This control group was kept small because previous work by Co Tm ct ai * had clearly 
shown that patients with gasuectomy for ulcers on a high nitrogen intake regenerate plasma protein 
within two weeks following operauon and our findings confirmed this observation 


Table x — Routine for Admtntstratton of Protein Hydrolysate in Patients Following Gastrectomus as it 
Was Used at the Memorial Hospital at the Time of this Study 


Tune 

1 

H> drol> sate 

i Frequency 

Water to be 

1 Remarks 

Parenteral 

per feeding 

of feeding 

added 

5 % dextrose 


1 

1 



CC 

Day of op 


i 




6 hrs p 0 

— 

— 

30 cc q I 

Alternate as required 




hr 



II hrs p 0 ‘ 

30 

qi- 

30 cc q I 

Same 




hr 

1 


First day 

Same 

Same ' 

Same 


1500 

Second day 

Same 

Same 

Same 


X500 

Third day 

30 

q I 

30 cc q I 

To nnse 

1300 




hr 

tube 


Fourth day 

60 

qx 

75 cc q i 

To nnse 

1500 




hrs j 

tube 


Fifth day 

60 

qx 

45 cc q i 

After hy- 

1000 



1 

hrs , 50 

cc boiled 

drolysate 





milk 

added 




Sixth and seienth day as aboi e Reduce parenteral flmd according to patient s ability to swallow 
small amounts of water by mouth Rcmoi e stomach tube on eighth day and start patient on routine 
scienth daj gastrectom) diet 


Methods 

1 Atimentation Some of the patients had orojejunai feeding tubes inserted at operation and left m 
situ for as long as scien days postopcratii ely Some had external jejunostomy tubes for feeding purposes 
Unless otherwise specified, casein h)drolysatc Squibb * was used as a source of nitrogen in all cases 
In general, the plan included the administration of o 6 Gm of nitrogen per day per Kg of body weight 10 
a mixture of the h) drolj sate in a 10 per cent dextrose solution with 60 Gm of Amphojel This feeding 
mixture was administered by the jejunal tub: and/or by mouth and the total daily volume was adjusted 
to 7x0 ml A feeding schedule gnen in table x was followed as closely as possible After the first post 
operatue period this regimen was supplemented by the usual gastrectomy hospital diet in amounts 
measured in the metabolic kitchen and analyzed in the laboratory for nitrogen content The caloric con- 
tent of the total diet, including parenteral alimentation, was maintained at a level of approximately 
calories per daj (except on the first, and sometimes, the second postoperatii e day when it was lowers 


♦ The h) drolysate was provided b) the courtesj of the Squibb Co 
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Plasmi and blood transfusions were gircn in all eases on the day of operation and thereafter as spar- 
ingly as possible to avoid interference with the obsertations on protein regeneration Parenteral fluid 
intake was standardized as closely as possible, 1000 ml of phj siologic saline solution and 300 ml of 
dextrose in water on the second and onl) rarely on the third postoperative day All parenteral intake, as 
well as other alimentation, was carefullj measured and recorded The patients received a daily intra- 
muscular injection of a vitamin B complex preparation* throughout the duration of the metabolic study 
Other medication was given as indicated The patients usually w'crc allowed up on the second or third 
postoperatne daj, but this was not standardized The z patients on whom long-term metabolic studies 
were carried out for 16 and 108 days were placed on a constant basic diet which was the same every day 
In addition, to maintain the desired high nitrogen content, these patients received part of their 
nitrogen intake in the form of protein hydrolysate (Casein Hj drolysate, Squibb ) and in the form of 
native protein (milk protein as Delcos, 'Sharp and Dohme, and Lactalbunun Squibb in unhydrolyzed 
foTn) 

z Collection of sfecimens Urines were collected in zq-hour specimens, preserved at pH 3 with acetic 
aad, and kept in the refrigerator without preservative Vomitus and gastric aspiration fluid were col- 
lected in zq-hour samples and kept in the refrigerator wuthout presen ativc 


3 Methods of Analysts 

Urmt Urinary nitrogen was measured by a micro-Kjcldahl method Potassium and sodium were 
measured bj flame photometry*, phosphorus was determined by Fiske and Subbarow s method,' and 
calaum by the method of Schohl and Pedley " Creatinine determinations'* were used to evaluate the 


accuracy of the collccuons 

Stools A commercial homogenizer was used for the thorough mixing of stools which were then made 
up to a standard a olume by the addition of distilled w'atcr Nitrogen was measured by a micro-Kjeldahl 
method, and minerals w ere determined in dry ashed aliquots by the same methods used in the urine 
Blood Plasma protein was measured by a micro-Kjeldahl method and corrected for nonprotein nitro- 
gen The plasma protein components were estimated by electrophoresis by Dr M L Petermann '* 
Plasma volumes were measured by the use of E\ ans blue 


Results 

Body Tissue Replefiou Table i 

Tepletioji within one month after operation In only 1 of the 3 ulcer cases studied were 
nitrogen balance studies done The third case is included because, while nitrogen 
output was not measured, the nitrogen intake was known and was at least as high 
as in the two others As previously shown by Co Tui et al ® and by Reigel, posi- 
tive nitrogen balancef was obtained in both cases, the usual postoperative nitrogen 
loss, therefore, was offset by adequate nitrogen utilization This was achieved on 
intakes of o i6 and o 49 Gm of mtrogen per Kg per day, or considerably less than 
fiad been planned originally All patients with gastric cancer were in nitrogen 
balance or had positive nitrogen balance 7 to zo days following operation There 
was essentiall) no difference between those having undergone cxploraton lapa- 
rotoma and the one case with gastric resection in which nitrogen balance studies 
had been done (case 4) The least marked nitrogen retention actually occurred in 
the latter case The nitrogen intake in the cases \Mth cancer ranged from o z. Gm 
per Kg per da\ to o Si Gm per Kg per daj , \Mth an ax erage of o 43 Gm per Kg 

* Beta S) mplex was used (W inthrop) which has the following composition thiamin, 10 mg ribi- 

Bii'in, 5 mg , calcium pentothenate 5 mg , niacinamide, 50 mg , ■ 1 u 

t A patient is considered to be in nitrogen balance when the loss of nitrogen exceeds the intake hi 

less than o oi Gm per kg per dai 
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per day An average of x 6 per cent of the ingested nitrogen was retained as com- 
pared to IT per cent (31 and —6 per cent) in the ulcer group 

Keflcnon more than one month after operation Studies of nitrogen and mineral bal- 
ances were made in t cases of gastric cancer following exploratory laparotomy 
(case it) and following palliative gastrectomy (case 13) during periods of t6 and 
108 days and starting it and ii days after operation These showed marked nitrogen 
retention 40T Gm or o 065 Gm per Kg per day for 108 days, equal to 13 per cent 
of the intake, and, T64 Gm or o 15 Gm per Kg per day or 34 per cent of the intake 


Table 3 — Comparison between Theoretic and Actual Nitrogen Intake and Changes of Circulating Protein 


Case no 

Type case 

Theoretic 

nitrogen 

requirement* 

Nitrogen 

actually 

received 

Protein 

observed 

change 

Protein, 

calculated 

change! 

Difference 







m 

I 

Ulcer 

35-3 

158 

+9 3 

— x I 

-fix 4 

X 

Ulcer 

395 

X85 

+ 9 I 

-fix 7 ' 

-3 6 

3 

Ulcer 

x6i 

— 

+71 7 

— 

— 

4 

Operable cancer 

241 

^74 

-13 0 

-4 3 

-8 7 

3 

Operable cancer 

468 

— 

0 

— 

— 

6 

Operable cancer 

473 

— 

-X3 7 

— 

— 

7 

Inop cancer 

158 

353 

-I-13 6 

4-41 0 

-17 4 

8 

Inop cancer 

163 

x8o 

-x8 5 

-fi 5 4 

-53 9 

9 

Inop cancer 

146 

142. 

-17 6 

+4 4 

-3x 0 

10 

Inop cancer 

103 

^91 

+ 2-9 3 

0 

+ 1-9 3 

11 

Inop cancer 

l6l 

114 

-15 9 

-f 14 8 * 

-44 7 

IX 

Inop cancer, long- 
term study 

634 

3017 

— 10 

+83 0 

1 

-84 0 

13 

Inop cancer, long- 
term study 

364 

770 

-7 I 

+ 55 0 ' 

— 6x I 


* Theoretic Nitrogen Intake means the amounts of nitrogen required for correction of the 
plasma albumin defiat (Assumed normal albumin 4 6 Gm /joo ml All calculations arc based on 
values obtained by the Howe method because this method was the one used in evaluating the 
proportion of albumin to the rcmaimng bod) protein, ref Elman, R Protein dcfiacncy in surgical 
patients and its correction J Am Ehetct A zS 141--144, 1541 The total calculated nitrogen 
reqmrcment includes 4 Gm for daily maintenance during the period of study, the ussue protein 
loss calculated from the albumin lost and assumes a loss of 50 per cent of the ingested nitrogen 
(abotc the maintenance requirement of 4 Gm per daj)) 

t The calculated change of plasma protein is based on the amounts of mtrogen retained or lost, 
assuming that plasma protan represents one thirtieth of the total body protan 

in t6 days There was concoinitanc retention of phosphorus and potassium in the 
proportions in which these minerals are known to exist in protoplasm In these two 
instances, the ability of these patients to build body tissue is thus well demon- 
strated 

Plasma Protein Kegeneration Table 3 

Regeneration within one month after operation In all patients with gastrectomy fo'" 
benign ulcers, an increase in circulating plasma protein occurred promptly Th^ 
extent of this increase varied widely in these 3 patients and was predominantly m 
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the globulin fraction in one The increase of the circulating plasma protein was of 
the same order of magnitude as that observed by Co Tm under similar conditions 
and not to be ascribed to changes of plasma volume alone (table i) In all patients 
with gastric cancer except two (case 10 and case 7), there was a decrease of circu- 
lating plasma protein during the period of study In case 10, the increase observed 
follows a rise of the plasma volume more marked than in most of the other cases 
and thus may be only illusory In case 7, there was an actual increase, entirely 
caused by a rise of plasma globulin 


Table 4 — Changes tn Globultn and Albumen as Determined by Electrophoreses and Plasma Volume Measure- 
ment (Ineteal Values at Begenneng of Study Penal Value at End of Period — Stated in Last Column') 


Case 

no 

Type case 

1 

Change of 
plasma 
volume 


Albuminf 



Globulint 


* Da} 3 

1 

Initial 

Final 

Change 

Initial 

Final 

Change 



% 



% 





I 

Bcmgn ulcer 

5 

80 0 

81 5 

4-1 0 

loi 5 

100 4 

+7 9 

I I 


Benign ulcer 

— 13 0 

69 5 

78 9 

+ 13 5 

90 6 

90 3 

-0 3 

10 

3 

Benign ulcer 

+6 1 

46 4 

60 0 

4-19 3 

68 0 

ia6 5 

-f-86 0 

10 

4 

Operable cancer 

-1 4 

57 2 . 

43 6 

-13 8 

70 6 

71 3 

4-0 4 

1 1 

5 

Operable cancer 

-15 5 

74 7 

57 5 

— 13 0 

146 6 

130 6 

— 10 9 

' 11 

6 

Operable cancer 

-17 6 

106 0 

92 9 

-23 3 

249 0 

139 0 

-6 7 

18 

7 

Inoperable cancer 

-2- 7 

70 J. 

64 5 

-8 I 

79 3 

97 5 

+ 2-3 3 

10 

8 

Inoperable cancer 

+1 7 

« 

* 

if- 

» 

* 

♦ 

7 

9 

Inoperable cancer 

+ 2 - 7 

53 3 

37 4 

-18 I 

74 0 

6a 3 

-15 8 

14 

10 

Inoperable cancer 

+ 14 ^ 

86 5 

101 8 

+ 27 7 

146 a 

160 3 

4-100 

y 

II 

Inoperable cancer 

0 

83 I 

65 a 

-ai 7 

136 7 

234 9 

-2 3 

11 

11 

Inoperable cancer — 

long-term study 

4-11 0 

81 9 

00 

0 

ON 

4-10 9 

106 0 

' lOI 0 

-4 7 

1 

|io8 

13 

Inoperable cancer — 

long-term study 

— 18 4 

III 5 

119 0 

00 

r4 

1 

255 ° 

249 5 

-3 6 

1 

a6 


* Only total protein was determined 
t Refers to total circulaung fractions 


Regeneration mote than one month after operation The changes of circulating plasma 
protein in these two cases following and 108 days of postoperative high protein 
feeding were insignificant and probably within the range of technical errors 

Comparison of Theoretic and Actual Plasma Protein Increases Table 4 

Studies by Weech*® in dogs showed that the plasma albumin represents Vir of 
the body protein and by transferring this assumption to man, one can estimate the 
amounts of circulating albumin w'hich theoretically should be formed from a gnen 
amount of retained food protein Appl)ing these relationships, Elman' has de- 
vised a calculation to evaluate the nitrogen need of a depleted individual from his 
plasma albumin concentration The further assumption maa be made that albumin 
represents most of the plasma proteins lost in protein depletion and that thus, the 
total protein maa be substituted for albumin in such cases These rouc;h theoretic 
figures demonstrate that on the aahole the discrepanca betas cen the actual and the 
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calculated figues is much, wider in the group of cancer patients than in the two 
ulcer cases and that it becomes extreme in the long-term studies 

Discussion 

Hi poproteincmia continues in gastric cancer patients after operation in spite of 
adequate body tissue repletion 

Causes of hypoproteinemia are (i) inadequate formation, (z) increased utiliza- 
tion or destruction, or (3) abnormal distribution of circulating proteins Inade- 
quate formation may be due to (a) insufficient protein intake, (b) excessive nitro- 
gen loss, or (c) speci&c defect in serum protein synthesis In patients with gastric 
cancer who show hypoproteinemia before operation, insufficient intake and exces- 
sive loss of nitrogen have been eliminated by earlier studies ^ The present investi- 
gation supplies evidence that inadequate intake and excessive loss of protein are 
not responsible for the persistence ofthe hypoproteinemia in gastric cancer patients 
after operation 

One concludes that either inadequate fabrication or distribution is responsible for 
hypoproteinemia in gastric cancer The defect is probably nonspecific, as similar 
obsen^ations have been made m patients with tuberculosis It may be related to 
the gastro-intestinal tract, to the liver, or to the adrenal cortex 
Further studies are m progress to determine if the hypoproteinemia is due to 
decreased synthesis, to increased utilization or destruction, or to abnormal distribu- 
tion of proteins 

Appendix 

Swnmariis of Clinical Histones of the Vatients Studied 

CASE I 

CB 3 8133- iiy colored male of 59 ) ears Admitted 6-15-46, discharged 7-9-46 
Htston Anorexia for 1 ) ears Pain in raidepigastrium for i months before admission 13 lbs weight 
loss in 1 5 ears No somiting, no tart) stools 

Ph steal exammatton Tenderness in epigastrium on deep pressure, no other findings 
X ra) txammation Gastnc ulcer, lesser curvature 

Laboratory data* Hemoglobin RBC 4,800,000 WBC 6,100, normal differential count Unne 
negative Serum chlondes 95-105 meq /I Scrum bilirubin i o-i qmg /too ml Blood urea nitrogen ii a- 
30 4 mg /loo ml 

Gastnc analystsf Free HCl o, o, li, 2.4, 15 

Total HCl la, 18, 35, 36, 30 
Operation Partial gastrectom) 6-i4-46 
Patboh^ Chrome pepuc ulcer 

Course Unctentful postoperative recovery Discharged 15 dajs postoperative!/, asymptomatic since 

CASE X 

P 8i6xi-4L) white male of 45 years Admitted 5-19-46, discharged 6-5-46 
History Preprandial pain 7 years ago, successfully treated by dietary measures Recurrence one year 
ago, unrclictcd by diet In the 4 months before admission, frequent vomiting Only 4-5 lbs weight loss 

* Data included in the paper are not repeated in the appendix 

I First samples before o 5 mg of histamine, following samples every 15 minutes thereafter Aci 10 
ml ofN/ioNaOH 
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Physical e>.amtnatton Ncgatnc 
X ray c-caminatton Duodenal ulcer 

Laboratory data Hemoglobin 85-103%, RBC 4,100,000-4,600,000 WBC 4,000-8,300, normal dif- 
ferential count Urine negative Serum chlorides 54-101 meq /I Serum bilirubin i i mg / too ml Fast- 
ing blood sugar 85 mg /loo ml Blood urea nitrogen 16 3-16 4 mg / 100 ml 
Gastric analysis Free HCl 15, 40, 60, 55, 50 
Total HCl 44, 48, 64, 66, 60 
Operation Partial gastrectomy, 5-11-46 

Pathology Gastric ulcer, scars in duodenum, fibrous adhesions 
Course Uneventful recover} Asymptomatic m April 1547 

CASE 3 

(F H 81071-17) white male of 53 years Admitted 6-15-46, discharged 7-17-46 
History From 18 months to i year before admission pain after eating Weight loss in that period 15 
lbs Vomiting for about 4 weeks 
Physical examination Negative 

'K.-ray examination Crater of J inches in lesser curvature, probably benign ulcer 
Laboratory data Hemoglobin 81%, RBC 3,700,000-4,500,000 WBC 5,000-15,000 Urine negirnc 
Scrum chlorides 56-101 meq /I Scrum bilirubin o 7-1 3 mg /loo ml Fasting blood sugar 8- me / jc 
ml Blood urea nitrogen ii 5-10 mg /loo ml 
Gastric analysis Free HCl 55, 31, 18, 31, 35 
Total HCl 18, 50, 65, 78, 58 
Operation Partial gastrectomy, 7-1-46 
Pathology Chrome peptic ulcer (gastric) 

Course Patchy pulmonary infiltration on eighth postoperative day with moderate elevation of tem- 
perature Responded well to penicillin Asymptomatic since then 

CASE 4 

(K H 81018-34) white female of 60 years Admitted 6-17-46, discharged 7-15-46 
History Abdominal pain of 1 months duration and weight loss of 10 lbs in 4 months before admis 
Sion 

Physical examination BP 160/85, soft systolic aortic murmur Rales throughout chest, emph) sema- 
tous thorax Mass and tenderness in left upper quadrant Difficult examination because of failure to 
relax abdominal wall 

X ray examination Advanced gastric carcinoma of the body of the stomach and the p) lone region 
Laboratory data Hemoglobin 63-88%, RBC 3,800,000-4,100,000 WBC 4,400-16,800 Urine negative 
Scrum chlorides 53-106 meq /I Serum bilirubin o 6-1 1 mg /loo ml 
Gastric analysis Free HCl = o 

Total HCl 5, 4, 4, 6, 6 

Operation Subtotal gastrectomy C4/5), Hoffmeister anastomosis 7-1-46 No liver metastasis or peri- 
toneal implants found 

Pathology Diffuse gelatinous adenocarcinoma, extension to the fat about nodes L) mph nodes proper 
" ere clear 

Course Uneventful recovery Patient has left town, no follow-up recorded 

CASE 5 

(S S 81300-55) white male of 46 } ears Admitted 7-15-46, discharged 8-14-46 Readmitted for do ure 

of colostom) 5-30-46, discharged 10-14-46 , 

History 3 months persistent epigastric pain following fall from horse Lost 6o lbs in ^ mont 
noticed progressive weakness 

Phistcal esarniitatton Esscntiall) negative 
\ rj) examination No gastro intestinal examination 

laboratory y^ta Hemoglobin 64-5if'< RBC normal W DC 5,000-15 0.-0 nomial do e-crt.al s. am 
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Unne negative, except for occasional 1+ albumin Serum chlorides, 97-103 meq /I Strum bilirubin 
o 6-4 8 mg /loo ml Serum cholesterol total 141, free 32., esters 89 mg /loo ml Fasting blood sugar 99 
mg /loo ml Blood urea nitrogen ii 3-a3 mg /loo ml 
Gastric analysis Free HCl = o 

Total HCl x6, 10, 7, 10, 15 

Optrattmi No metastasis seen in liver, lymph nodes or peritoneum A latgc tumor invoh ing the greater 
gastric curvature and extending into the transverse colon and the omentum was found Subtotal gas- 
trectomy and resection of the medial pwrtion of the transterse colon and a large portion of the omentum 
as performed A Mikulicz colostomy was done C7-19-46) On 8-8-46, patient developed acute intestinal 
obstruction and a number of fibrous adhesions were dissected at an emergency laparotomy The patient 
recovered and was discharged On 10-4-46, colostomy was closed 

Patholo^ Adenocarcinoma, Grade HI, invading entire thickness of gastric wall and extending into 
serosa of colon 

Courst Patient now in good health 

CASE 6 

(M S 8x12.6 53y white male of 50 years Admitted 6-30-46, discharged 7-xx-46 
History Midepigastnc pain for 7 months, with II lbs weight loss 
Physical txamtnation Negative 

'X.-ray txamtnation Carcinoma of lesser curvature, near cardia 

Laboratity data Hemoglobin, 48-87%, RBC x,3oo, 000-3 ,000,000 WBC 3,700-9,600, normal dif- 
ferential count Urine negative Serum chlorides 98-108 meq /I Blood urea nitrogen ix 1-36 8 mg /ico 
ml 

Gastric analysis Free HCl 10, X5, 30, 55, 60 
Total HCl xo, 40, 38, 75, 80 

Operation No metastasis seen in liver, lymph nodes or peritoneum Subtotal gastrectomy 
Pathology Adenocarcinoma of stomach 
Courst Uneventful recovery 


CASE 7 

(B J 809x8-8) vv hue male of 69 years Admitted 3-11-46, discharged 4-8-46 

History Weight loss of 6 lbs in 3 months and loss of appetite 

Physical examination Negative 

X-ray examination Large mass in pars media of stomach 

Laboratory data Hemoglobin 75-85%, RBC 3,700,000-4,600,000 WBC 6,ioo-io,xoo Normal dif- 
ferential count Urine negative Serum chlorides 100-108 meq /I Serum bilirubin o 7 mg /lo ml 
Scrum cholesterol total 197 free 6i, esters 136 mg /loo ml Fasting blood sugar 88 mg /lOo ml Blood 
urea nitrogen ix 4-13 x mg / 100 ml 

Gastric analysis Free HCl o, o, qns,* qns, o , 

Total HCl x4, 7, qns, qns, 8 

* Insufficient quantity 

Operation Laparotomy 3-X8-46 A large mass was found involving the stomach, extending along 
both curvatures Numerous metastatic nodules in liver, gall bladder, and nodes along aorta Inoperable 
case 

Pathology Metastatic adenocarcinoma 

Course Complicated bj hj'poprotcinemia (hypochlorcmia and edema) Patient was discharged, no 
follow-up notes 

CASE 8 

(G Y 80364-96) white male of 47 years Admitted 1-17-46, discharged x-17-46 

History Past history of gljcosuna Negative urine at time of admission Weight loss of 60 s 1 
18 months Epigastric fullness and anorexia for 11 months 
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Phjstcal examination EMdcncc of weight loss, large abdominal mass 
X raj examination Large mass in region of cardia and larger curvature 

Laboratory data Hemoglobin 38-35%, RBC 3,000,000-4,600,000 WBC 5,000-9,400 Normal urine 
Scrum chlorides 101-105 mcq /I Scrum bilirubin o 5-0 8 mg /loo ml Scrum cholesterol total 1x1-150, 
free 41-71, esters 79-179 mg / 100 ml Blood urea nitrogen 11 0-18 4 mg / 100 ml 
Gastric analysis Free HCl = o 

Total HCl 10, 10, II, 8 , 10 

Operation Laparotomy 1-5-46 Large tumor mass, int olving gastric cardia and greater portion of ru 
dus, as t\ell as mesentery, spleen, pancreas, and lymph nodes Inoperable External jcjunostoinv 
Pathology No biopsy material taken 
Course Patient died 3-16-46 No necropsy 


CASE 9 

(B L 80901-6) white female of 51 years Admitted 3-19-46, discharged 4-9-46 
Histoij Dull abdominal pain for 4 months, small weight loss 
Physical examination Ncgatn c 

X-ray examination Polypoid infiltrating cancer of distal segment of stomach 

Laboratory data Hemoglobin 65-81%, RBC 3,100,000-3,500,000 WBC 7,100-7,600 normal dif- 
ferential count Urine 4-)- sugar, acetone i-(- (probably after glucose infusion All subsequent vim’'; 
negative ) Strum chlorides 91-103 Scrum bilirubin o 7 mg /loo ml Fasting blood sugar yi 

mg /loo ml Blood urea nitrogen 8 5-10 mg / 100 ml No gastric analysis reported 

Operation Laparotomy and external )c)unostomy 3—16-46 Large mass involving stomach, extension 
into lesser and greater, omenta, multiple mctastascs m liver (biopsy material taken) 

Pathology Metastatic adenocarcinoma 
Course No follow-up notes 


CASE 10 

(S S 81716-51) white male of 49 years Admitted 5-18-46, discharged 6-16-46 
History Weakness of 3 months duration and postprandial epigastric pain and tarry stools (j 1 1 ^ - 
month duration No evidence of weight loss 

Physical examination Abdominal mass 8 cm in diameter 
X-ray examination Carcinoma of antrum of stomach 

Laboratory data Hemoglobin 51-81%, RBC 1,500,000-3,800,000 WBC 5,300-14,000, normal dif- 
ferential count Unne negative Scrum chlorides 95—104 mcq /I Scrum bilirubin o 6 mg /loo ml Scrum 
cholesterol total 141, free 51, esters 89 mg /loo ml 
Gastric analj sis Free HCl = o 

Total HCl 15, 8, 10, II, II 

Operation Laparotom) and exclusion gastroenterostomy, 6-7-46 Large tumor of gastric antrum nd- 
herent to pancreas, and mcso-sigmoid and colic xcsscis Numerous mctastascs in Ii\ cr Firm 1 ) mph nodes 
Pathology None reported 
Course No follow up notes 


CASE II 

(G G 81040-11) white female of 70 } cars Admitted 6-13-46, discharged 7-_o-46 

History Nocturia due to c) stoccle Marked weight loss (70 lbs) in 5 months b fo • admi>-sion 

Anorcxiaand heartburn for one ) car prior to admission Negatisc gastro-intcstinal x ra\ examination 

some months before admission 

Phstcal e\amination Mass of 10 cm diameter in mid abdomen 
\-ray exjminatioj Gastric carcinoma 

Lihoraion data Hemoglobin 61-94% RBC 3,700,000-4400000 BC 3500-11 3O0 n >-mal dil 
fercntial count Urine csscntialh negatne Strum chlo'id:' 90-10- m-q 1 Sr'un bill u'^ a i 5 - 
loo ml Blood urea nitrogen 11 S-36 - mg 100 ml 
Gastric anaKsis Free HCl = o 

Total HCl _o 10 qns, i_ 16 
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Operation Lapirotomy, 6-3-8-46 Extensive carcinoma with metastasis to nodes and liver 

Pathology Adenocarcinoma, Grade III 

Course Convalescence complicated bj bronchial pneumonia 

CASE IX 

(K R 83598-116) tvhitc male of 65 years Admitted 11-10-46, discharged 6-2.-47 
History Weight loss during one year preceding operation of about 30 lbs Several bouts of dark black 
stools and rectal bleeding 

Physical examination Negative 

X-ray examination Filling defect involving almost the entire pylonc portion 
Laboratory data Hemoglobin 8 4-54%, RBC 1,190,000-5,000,000 WBC 4,700-8,800, normal dif- 
ferential count Urines negative Scrum chlorides 9X-104 mcq /I Scrum bilirubin o 61. mg / 10 ml 
Thymol turbidity i 85 ml Cephahn flocculation 1-4 hours, negatne Hippuric acid excretion 1 5 Gm 
Bromsulfalcin retained in blood, 30 minutes, x%, 45 minutes, i% Serum cholesterol total 104, free 36, 
esters 68 mg /too ml Blood urea nitrogen 16 3-ax mg /too ml 
Gastric analysis Free HCl = o 

Total HCl 10, 3J., 38, 50, 34 

Operation On 11-15-46, a large bulky lesion was found in the greater curvature of the stomach, a 
few nodes were palpated in the gastro-hepatic ligament The tumor was removed, and a gastro-)C|unos- 
tomy was done Ln cr and peritoneum free of metastascs 

Pathology Gelatinous adenocarcinoma. Grade III, extensive lymphatic permeation, metastascs to 
nodes 

Course Essenually unetentful postoperative course This study was continued up to the 305th post 
operative day The patient died of carcinomatosis 66 weeks after operation Reviews of additional 
articles bearing on this subject, which have appeared since this paper was submitted, are noted in the 
references ^ 


CASE 13 

(S J 109x37-4) w hue male of 64 years Admitted 8-i8-46, discharged 10-14-46 
History Weight loss, of 40 lbs in 4 months before admission Hematcmesis one month before admis- 
sion, epigastric fullness 

Physical examination Mass in epigastrium 

X-ray examination Pol)q>oid carcinoma of stomach (fundus and body) 

Laboratory data Hemoglobin 46-76%, RBC x,xoo,ooo-3,4oo,ooo, Hematocrit 18-37% WBC 4,500- 
10,600, normal differential count Normal urine Scrum chlorides 108 racq /I Serum bilirubin i x mg /loo 
ml Fasting blood sugar 107 rag /loo ml Blood urea nitrogen 15 9 mg /loo ml 
Gastric anal) sis Free HCl = o 

Total HCl qns, 14, 14, ix, 10 

Operation 9-9-46 Large tumor from cardia through antrum among lesser curvature Liver studded 
with metastascs Exploraton laparotomy, biopsy from liver metastascs 
Pathology Gelatinous adenocarcinoma 
Course Died Dec 1946 


Summary and Conclusions 

I The CMStence of hypoproteinemia in patients with gastric cancer has once 
again been observed 

X The intractability of this type of hypoproteinemia in the postoperative phase 
to treatment with high protein diets and in the presence of positive nitrogenbalance 
has been demonstrated 

3 Long-term studies in two patients, for x8 and 108 days respectively, sugge^^ 
that the persistence of hj poprotcinemia in patients with gastric cancer in positive 
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nitrogen balance is probably not due to a marked degree of depletion of tissue pro- 
tein stores alone These patients retained more protein than would have been nec- 
essary to replenish depleted tissues 

4 It seems more likely that while such patients are capable of tissue protein 
synthesis, they fail to shift new protein into the blood stream 
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STUDffiS OF PHOSPHORUS METABOLISM IN MAN 11 A STUDY OF THE 
PERMEABILITY OF THE HUMAN ERYTHROCYTE TO INORGANIC 
PHOSPHATE IN VITRO BY THE USE OF RADIOACTIVE PHOSPHATE (P’O 


B\ F H L TA-iLOR, Ph D , S M Levenson, M D , and M A Adams, B A 
With the technical assistance of Mary Kendrick, B S 

I T IS A distinct pleasure to dedicate the first published* of a series of articles from 
this laboratory on the use of radio isotopes in human physiologic studies to Dr 
George R Minot It was under his direction that our venture into this field was 
undertaken 

Radio phosphorus has been used in the examination of various phases of phos- 
phorus metabolism and the results have been summarized by Hevesy* • - and 
Kamen ^ Most of the data presented in the literature were obtained in ammals, and 
by use of dosages of isotopic P^^ in excess of what may be considered tracer amounts 
Human studies on the metabolism of P^- in tracer amounts are few in number, most 
of the interest of previous authors having been directed to the therapeutic uses of 
the isotope Since normal metabolic processes' may be deranged by larger than 
tracer doses of P^^ it seemed of value to investigate the metabolism of phosphorus 
in the human body using P’^ as a tracer in doses low enough to cause no demon- 
strable metabolic disturbance These studies wil be presented elsewhere ■* The 
use of P^- in such concentrations immediately imposes problems of revisions of 
methods and further considerations of accuracy of counting technics These will be 
described fully in another communication ^ 

The first consideration in the attack on phosphorus metabolism was the resolu- 
tion of the controversy of phosphorus exchange between cells and plasma of the 
circulating blood The present communication is concerned with the distribution 
of phosphorus between red cells and plasma in in vitro studies of the phosphorus 
exchange between these two media Eisenmann etal ,®have shown in an in vitro 
system to which inorganic phosphate together with P*® were added to human 
whole blood, that at 38 C phosphate entered the red cells freely, while at 7 C 
the exchange was minimal In their experiments 5 to loi mg phosphorus were 
added to 100 ml of whole bood They also stated that, imder their experimental 
conditions, radio phosphorus accumulated in the cells out of proportion to the 
amount of inorganic phosphate present Their observations were made on whole 
blood and plasma and the cell concentrations of phosphorus compounds were 
calculated using hematocrits 

In the present communication no phosphate was added except that represented 
by the P*-, which was negligible, since the specific activity of the isotopic sodium 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Ser\ ices, Harvard, Boston 
Cit) Hospital, and the Department of Medicine, Harvard Medical School, Boston 

This work was aided, in part by gifts from Smith, Kline K French Laboratories, Philadelphia, an i e 
American Cancer Socict) (Massachusetts Dn ision) to Hart ard University 
* No I of this scries^ is in ptcparation 
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phosphate used was very high The in vitro studies presented in this paper have 
been extended to similar studies in vivo in man which will be presented elsewhere 

Methods 

Blood from normal human subjects \ms collected in bottles containing dried potissium-immonium 
oxalate solution which was prepared by dissohing 3 Gm of ammonium o\ahtcandz Gm of potassium 
oxalateby dissolving in distilled water to at olume of 100 ml For each ml of blood, o 04 ml of the anti- 
coagulant was used Such an oxalate mixture caused no change in cell size P’"* in the form of sodium 
phosphate solution was added to the whole blood, the volumes of the radio-acti\c phosphate solution 
sat) mg fromo 58 to x 08 ml per ico ml 0/ whole blood, with actnitics of P’- varying betw'cen 900 and 
ii,cco counts per second as registered on our counter Samples of the radioactive phosphate solution added 
were utilized as standards for each experiment, and were counted at intervals throughout the experi- 
ments to correct for the decay of P^ Counting was performed with a Geiger-Mueller tube with fixed 
geometry, and the totalizing was accomplished by the use of an autoscalcr f The background count in this 
a oratory averaged o 13 counts per second In none of these experiments w as there any count lower than 
ten times the background In all experiments, samples were remov ed for the determination of the hemato- 
mt about five minutes after the addition of P» to the blood In this same initial sample, chemical deter- 
mations 0 total, total acid soluble and inorganic phosphorus were made in both plasma and red blood 

also m j ° experiments, the P’ content of the total phosphorus of plasma and cells W’as 
Jlso measured m the initial blood sample 

the blood was kenr'f ^ 1! ^ temperature of 37 5 C, and in the fourth instance 

total total aad sol W At the end of four hours, the hematocrit was again determined, 

cells ’and the P« ^ tnorgaoic phosphorus were determined chemically in plasma and red blood 
Bio^sinl phosphate fractions 

corpuscles The'ollmV'°"^ minutes at looo rpm to separate the plasma from the red blood 
"ith cold o Q per cent snil^ possible, and the blood cells were washed once 

Slime drawn off and discard^ washed cells were centrifuged, and the supernatant 
hemolysis and m ^ ‘ ^ ^ Foduce 

"ere thaued and diluted w°^t, h ° o organic phosphorus complexes For analysis the frozen cells 
'*» Jo '“>■ The 0..C. 

method of ^*'’”‘1 oeUs was determined by the colorimetric molyb- 

soluble and inorganic phosnhnr digestion with sulfuric and nitric acids Total acid 

'■■''rates prepared from pi sma Tor'/rn'T" ^ trichloracetic acid 

To determine the ^ ^ corpuscles 

dried and\LrwitrthTr”^"‘''^x7^n''' P'^sma and cells, samples were 

P'-'icnt on the amount of ^^ciscaler The size of the samples was de- 

'^ction of both plasma and red bfood ^ ^ of ^he total acid soluble 

' ''arcs s Inorganic phosphorus was measured in dried samples of the trichloracetic acid 

P'^hc and Subbarow s The prerm t precipitation with calcium chloride as described by 

'h.s solution were dnS redissolved in acid, and samples taken 

"organic phosphorus fraction Crrr ™'asurc the concentration of radioactive phosphorus in the 

made and applied to all estima r F°'='o volume. 

* "C results arc 

g" 7 "ask, or as'llcX a«i /"her as the percentage of the amount of P« added 

^ /he milligrjn,^ of the gi^n phos h h’T dividing the per cent of the added amount of paa 

" "" r'«™.gc of aLcd p'SS™ "T”"'' I" r "Solo blood, Tho 

'■ ' “»r>.«n of ,ho “ 'S' S“'' °f o.louUuon porm.o.od 

. p, ^ ^ despite variat ion in the actual amount of Paa added 

' C™P*")-- a.n,o„ Lob„„.o„=,, 0,b R.d50. Tonno.mo 
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Results 

Distribution of Phospbotus Fractions between Plasma and Erythrocytes 

The data are presented in table i It will be observed that the distribution be- 
tween red blood cells and plasma on the initial, nonincubated, blood were in the 
range of those normally accepted After four hours incubation at 37 5 C (experi- 
ments I, L, 3) there was no net exchange between cells and plasma of any of the 
phosphate compounds beyond experimental errors of the methods employed 
There was a slight increase of the plasma content of all of the forms of phosphorus 
studied as incubation proceeded The hematocrit increased slightly or remained 
unchanged during the experiment Minimal hemolysis was present in all samples 


Table 1 —D/stnlntian oj Phospbomu Compoimtlj betwiin Plasma and Er\tbrecvtes 


1 

Exp 

No 

' 

Tissut 

1 

j Initial (5 minutes) 

After 4 hours incubation 

1 Total Pt mg 

^ ^ 1 |»er 100 ml 1 

Tolal acjd sol 
ublc P mg 
per 100 ml 

Hct 

Total Pt mg 
per 100 ml 

Inorganic Pt 
mg per 100 
ml 

Total acid sol 
uble Pt mg 
per 100 ml 

1 

1 L ! . 

Plasma ' b S j 12 8 (7 4) 

Red 1 b 1 41 8 61 4 (26 ol 

blood 1 

cells 1 1 

1 

3 0 (1 7) 1 
7 3 (3 1) 

t 

1 

3 1 (18) 

^8 8 (16 0) 43 0^ 

1 

1 i 

14 7 (8 4) 

51 2 (22 0) 

4 4 (2 5) 

7 8 (3 3) 

4 7 (2 7) 

34 6 (14 9) 

2 

1 

1 

Plasma 

Red 

blood 

cells 

' 1 13 1 (7 4) 

1 > 43 2 S7 5 (24 8): 

1 1 

3 0 (17) 

6 3 (2 7) 

31 (1 7) 1 

38 8 (16 8) 1 43 3 

1 

j 

15 3 (8 7) 

57 5 (25 1) 

1 

1 

4 0 (2 3) 

6 3 (2 8) 

45 (25) 

38 8 (16 S) 

3 

Plasma 

Red 

1 blood ; 
cells ' 

37 5 Ho (0 1)1 

37 - 1.5 3 Sj 2 0) 

' * 1 

29 (16) 

7 3 (3 3) 

28 (15) 

31 4 (14 3) 

45 5 

15 2 (8 3) 

47 6 (21 7) 

5 0 (2 7) 

7 7 (3 5) 

5 6 (3 1) 

33 2 (IS 2) 

^ 1 

1 

1 Plasma I 
' Red : 

blood 1 
cells I 

'1 18 7 (5 0) 

7 1 42 4 57 8 (24 5), 

' 1 

2 2 (13) 
83 (35) 

2 3 (13) 

38 7 (16 4) 

, 1 

41 9 

1 

1 

93 (54) 

58 6 (24 6) 

2 1 (12) 
81 (34) 

2 2 (13) 

45 2 (18 9) 


• Hct —Hematocrit % 

t Values gi\en in mg per 100 ml of cells or plasma figures in parentheses arc values calculated for mIioIc blood dis 

tribution from the hematocrit 


At 7 C , no change in hematocrit or distribution of phosphorus compounds 
occurred, nor was hemolysis of red blood cells observed 

There was no indication that inorganic phosphate of the red blood cells increased 
at the expense of the organic fraction during four hours of incubation at 37 5 C 
Acid soluble phosphorus in plasma was accounted for, within the limits of 
error, by the inorganic phosphorus both in the initial bloods and after the four 
hour incubation period at either 7 C or 37 5 C 

The data of table i include, in parentheses, a recalculation of the various phos- 
phorus constituents as distributed in whole blood using the observed hematocrit 
and known dilutions of the blood as the basis of calculation 

When incubation was continued for twenty three hours at 37 5 C , a marked in 
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crease of hematocrit was found and cell destruction, as indicated by marked 
hemolysis, was present Concomitant with this cell destruction, marked increases 
m the plasma content of all the phosphorus fractions was found For this reason 
data beyond an incubation period of four hours have been excluded from this 
communication 

Phosphate Exchange between Plasma and Erythrocyte 

The data are presented in table 2. It may be seen that between 91 and 105 per cent 
of the added P^- was recovered, or determined, as present in the plasma and red 
cells These figures represent the limits of accuracy of the methods employed ® 


Table 2 ■ — pbosphntc Exchange betueen Plasma and Erythrocytes* 


Eip 

No 

1 

i 

1 

Tissue 

Temp 

C 

37 5 
37 5 

Initial (a mmutes) 

After 4 hours incubation 

P“ addedt 
CJP S per 
100 ml 

Total Pt % 
of added P” 

Inorganic 
R % of 
added P** 

Total acid 
soluble P 
%of 

added P*^| 

Total Pt % 
of added Pa* 

Inorganic P 
% of added 

pji 

Total acid sol- 
uble P % of 
added P” 

Plasma 

Red blood 
cells 

1 9 620 

— 

— 

— 

33 7 (4 0) 
37 2 (2 6) 

33 9 (13 6) 
43 6 (12 8) 

33 7 (12 5) 
57 4 (3 9) 

2 

Plasma 

37 5 

1 








Red blood 

37 5 


— 

— 

— 


35 9 (15 6) 



cells 


1 11 640 


— 

— 


46 0 (16 7) 


3 

Plasma 

37 5 

i 








Red blood 

37 S 

[ 8 961 

87 1 (13 8) 



34 1 (41) 

33 8 (12 5) 

33 1 (10 7) 

— - 

cells 



3 6 (0 14) 



55 7 (2 6) 

49 8 (14 2) 

57 8 (3 8) 

A 

Riasma 

7 , 









Red blood 


[- 94n 

92 0 (18 5) 

— 

— 

101 0 (18 7) 

97 7 (81 4) j 

101 5 (78 1) 


cells 

1 


6 7 (0 27) 



2 9 (0 12)j 

2 6 (0 76)j 

3 2 (0 17) 


• All 'alucs calculated on uhole blood distribution data 

I ‘ counts per second per 100 ml u hole blood 


* 1 ipurcs in inronti,^, r , . % of added acti\ itj per 100 ml 

cs in parentheses are specific actiMties calculated as - — 

mg of P compound per 100 ml 


n two experiments the per cent of the added P^- in the total phosphorus and 

sijccific activities were determined for plasma and red cells five minutes after the 

^ of the P^= At this time 3 6 and 6 7 per cent were found in the red blood 

cells 


After incubation at 37 5 C for four hours, about one third of the added radio 
1 ^ osp torus vas detected in the plasma In each instance in the plasma there had 
'-en no turnover between the inorganic phosphate and the residual acid soluble 
organic or other organic forms W hen blood v as kept at 7 C for four hours all of 
' 'elded P'’- tJso remained in the plasma in the inorganic fraction in nhich form 

”fiid been added 


37 


C the exchange of pliosphatc between plasma and red blood cells was 
id, from 31 to 57 per cent of the added radioactiMt\ being detected in the 
"ashed red cells it four hours 
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Most of the P^- was in the morga.mc fraction of the acid soluble phosphate 
From 6 to 14 per cent of the added P** was found in the organic fraction of the acid 
soluble phosphorus There was no indication that in four hours there was zny 
exchange to the nonacid soluble organic fractions At 7 C essentially all of the 
p 32 -^yas in the inorganic form 

From a study of the specific activities presented in table z, it will be seen that 
the specific activities of the inorganic phosphate of the cells equals or exceeds that 
of the inorgamc fraction in the plasma at the end of four hours 

The ratio of the P^^ activity, in terms of percentage of the isotope added, between 

, 1 1 1 j 11 j 1 /per cent added P^^ in R B C N , , 

the red blood cell and plasma ; ) raneed between i 4 

\per cent added P^^ m plasma / 

and I 7 with a mean of i 5 In in vivo studies on five normal men five hours after 
injection of loo-zoo microcuries of P^- this ratio was 6 4 In these instances the 
plasma level of P^^ was rapidly falling for obvious physiologic reasons which were 
not duplicated in the in vitro experiments 


Discussion 

The data presented amply confirm the statement of Eisenmann and her co- 
workers® that phosphate readily enters the red blood cells within a period of four 
hours at 37 5 C The present investigations are free from any criticism that the 
entrance of the marked phosphate was due to the increased phosphate concentra- 
tion of the plasma Based, as they are, on direct determinations of P*^ m both 
plasma and washed red cells, they show that the red blood cell is permeable to the 
phosphate ion It is unfortunate that longer incubation studies were precluded by 
the physiologic changes in the red blood cell which culminated in its destruction 
by hemolysis In the text it was indicated that incubation studies had been carried 
on beyond four hours at 37 5 C Most of the data so obtained were vitiated by the 
hemolysis of the red cell It is worth while mentioning that at twenty-three 
hours, the intracellular distribution of phosphorus compounds in the rcmaimng 
cells did not differ markedly from those obtained at four hours The slight increase 
in the plasma concentration of all the phosphorus derivatives is presumably due to 
slight hemolysis of the red blood cells 

The data indicate that while over 50 per cent of the added P^- entered the red 
blood cell at 37 5 C in four hours, less tnan 15 per cent was foimd in the acid 
soluble orgamc fraction, the remainder having been present in the inorganic 
fraction At this time the specific radioactivity of the red blood cell inorgamc 
fraction was equal to or greater than the specific activity of the plasma inorganic 
fraction Therefore, penetration and retention of phosphate in the red blood cell 
under these experimental conditions cannot be entirely accounted for by the 
formation of organic complexes 

It IS well known that when whole blood is incubated at 37 5 C , the blood 
glucose rapidly falls, while when plasma or scrum arc so incubated the fall 0 
glucose is ver)’’ slow It is pos‘'ibIe that the transfer of phosphate from the inorgamc 
to the orgamc acid soluble form may be due to phosphorylation which precedes 
the utilization of glucose by cells This point is being further investigated 
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Additional evidence that both the penetration of the red blood cell by phosphate 
and the turnover from inorganic to acid soluble orgamc phosphorus compounds 
may be functions of cell metabolism is given by a comparison of the data obtained 
at 37 5 C with that obtained at 7 C In the latter case no significant exchange of 
labeled phosphate between red blood cells and plasma occurred and the small 
amount of P^- discovered in the red blood cell was confined entirely to the in- 
organic fraction 

This experience gives rise to the hope that in vivo studies of phosphate exchange 
in man can be undertaken using the red blood cell as a tissue cell model If this is so, 
It will permit investigations of intermediate phosphate metabolism in man, where 
tissues such as the liver are not readily available 

Summary 

1 Phosphate exchange in red cells and plasma was studied in vitro using P^- 
in the form of sodium phosphate as a tracer 

T No phosphate was added other than the isotopic preparation which was of 
high specific activity 

3 Inorganic phosphate exchanged freely between the plasma and the erythro- 
cytes at 37 5 C in a period of four hours Mimmal transfer occurred at 7 C 

4 Most of the added P^- which passed into the erythrocytes during this time 
remained in the inorganic fraction, less than 15 per cent being found in the organic 
acid soluble fraction 

5 The specific activity of the inorganic phosphate of the erythrocytes was equal 
to or greater than that obtaining for the inorganic phosphate of the plasma at the 
end of the four hour incubation period at 37 5 C 
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